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前言






在医学双语教学中，如何在繁重的专业课与英语教学之间取得平衡，是很值得探讨的一个问题。其中，首要的是必须明确，双语教学是用英语学习专业知识而并非是学习英语，语言学习不能脱离专业知识而独立存在。双语教学的主要目的不是学习语言，而是以外语为工具进行知识技能、思维方法的训练。

原版国外教材共同的特点是内容先进且广泛，注重多学科融合，提供多个观察视角和对问题的共同处理方法；但是与国内教材相比，国外教材篇幅太长。在单一汉语语言环境中学习大部头的外文原版教材对本科学生而言是很困难的。多数学生的外语运用水平还不高，提高外语应用能力是学生在双语课程中客观上首先面对的任务。

为了配合国内医药院校开展双语教学和留学生教学，我们在做了充分的调研之后设计了双语教材的编写思路，即参考引进国外优秀教材，邀请教学一线教师，编写既适合国内教学实际，又吸收原版特色的内科学教材。本书保留内科学的精华部分，还增加了当前人们普遍关注的内科学新理论、新技术、新观念、新进展。本书内容和编排符合国内教学实际，适合双语教学，是医学生及临床医生用于掌握内科专业知识及提高专业英语的必读教材。

编者









SECTIONⅠ Introduction to Molecular Medicine




Xue Shuren

1 Changes to Medical Practice in the Age of Genomics



Given the great effort needed to define allelic variants contributing to complex disease，it is reasonable to ask whether such a large investment of resources is warranted. To be able to answer in the affirmative，it is necessary to demonstrate that benefits will accrue to everyday medical practice and patient health. Understanding genetic factors that contribute to disease could help establish a more rational basis for many aspects of patient care by providing deep insights into molecular pathogenesis and through improved molecular diagnostic tools that allow individually tailored preventive and/or therapeutic regimens.


Better Understanding of Molecular Mechanisms of Disease


Despite the extraordinary advances in our understanding of the functions of cells and organ systems in states of health and disease，it is somewhat humbling that fewer than 5000 human genes have been functionally characterized—many in only a cursory fashion. Clearly，it is difficult to provide full descriptions of the ways in which disease processes perturb cellular function in the absence of a comprehensive catalogue of genes that are either affected by these disease processes or are involved in the response to disease. The Human Genome Project provide such a catalogue，giving a complete description of the DNA and protein sequences of all of these genes.

The genome project is providing important tools that will help researchers discover functions of novel proteins. About half of the new genes identified by large-scale DNA sequencing bear some resemblance to other genes that have previously been studied，either in humans or in model organisms. Sequence similarity to previously characterized genes can provide important clues to protein function. In addition to comparisons of primary DNA and protein sequences，computerized approaches to predicting three-dimensional protein structures are becoming increasingly feasible，and may also allow generation of testable predictions about gene function.

Of course，many novel genes do not have any（or enough）similarity to known genes for useful predictions to be made，and direct experimental investigation may be required to determine their function. To deal with the large number of new genes that are being identified by the Human Genome Project，an innovative set of methods has emerged，known collectively as functional genomics，which explore the roles of many genes in parallel. Functional genomics experiments will obtain a great deal of information about patterns of gene expression，protein interactions，and metabolic pathways.


Diagnostic Tests


One advance in genomics that is already finding its way into clinical practice is the use of diagnostic tests based on DNA sequence changes. Such tests can be used for several purposes. As with more conventional tests，genetic tests can confirm a specific diagnosis or contribute to the evaluation of problematic differential diagnoses. Presymptomatic diagnostic testing can also be performed in subjects without disease. However，even in the case of high penetrance mutations，such as those found in Huntington’s disease，it may be difficult to predict the time at which clinical signs or symptoms will develop. In some cases，measures may be available that will prevent or ameliorate the onset or course of illness. Examples of such conditions include haemochromatosis，in which regular venesection can prevent the sequelae of iron overload，or hereditary non-polyposis colon cancer，in which case colonoscopic removal of premalignant lesions can help to prevent the development of cancer. In the absence of such effective interventions，especially careful consideration must be given to the circumstances in which predictive genetic testing is performed. Some patients find presymptomatic genetic diagnosis helpful because it gives them the opportunity to make long-term plans which include the likelihood（or not）of developing illness. Others prefer “not to know’ and would rather forego testing unless an intervention is available. In many centres，teams that include qualified genetic counsellors are in place to ensure that patients receive appropriate education and non-directive counselling before and after making decisions about whether to undergo testing for serious illnesses.

An important way that DNA testing can differ from conventional diagnostic investigations is in its implications for relatives of the tested proband. A positive（or negative）result may allow one to infer the genotype of individuals other than the proband.

To date，most conditions being investigated with DNA-based tests are relatively uncommon，single-gene disorders，and the tests are usually carried out in specialized centres with considerable experience in their execution and interpretation. As the technologies needed to perform these tests become more widely available and the sequence changes being evaluated more frequent，attention will be needed to ensure that procedures relating to DNA-based diagnostics continue to be carefully executed. Such concerns include issues related to quality control，skills in the interpretation of complex test results，provision of adequate genetic counselling，and other matters such as control of record-keeping systems to ensure genetic privacy. As the use of predictive genetic testing becomes more widespread，the associated obligations will fall to an increasingly diverse range of health-care professionals and it is important that they receive adequate training in this area.


Pharmacogenomics


Although not generally thought of in the same way as DNA variations that predispose to complex disease，germ-line sequence changes can also be important determinants of response to pharmacological treatment. The study of DNA sequence polymorphisms affecting metabolism of，and response to，drugs has become known as pharmacogenomics. It has long been recognized that individuals metabolize pharmacological agents at different rates. A substantial proportion of this variation can be due to genetic effects. A classic example of this phenomenon was described well before the modern era of molecular genetics and genomics，with the division of the population into slow and rapid acetylator groups. Approximately 60 percent of Caucasians，but only 5 to 10 percent of Asians，show reduced rates of N-acetylation and elimination of a number of drugs，including isoniazid，hydralazine，and caffeine，compared with the remainder of the population who exhibit comparatively rapid N-acetylation. Although initially characterized by standard biochemical tests，the genotypic bases for these metabolic differences in drug metabolism are now known to be several polymorphic variants in the gene N-acetyl-transferase-2 or NAT2.

In addition to showing different rates of metabolism and clearance of drugs from the system，subjects are often found to show variable therapeutic responses to these agents. In some cases，this may be due to subtle changes in the structure of drug targets between subjects. In diseases such as essential hypertension that are treated symptomatically，rather than with specific measures，some patients respond better to certain interventions than to others. If the genetic factors that are responsible for different forms of hypertension could be identified，then it might prove possible to tailor treatment regimens specifically directed towards generating responses in the physiological pathways that are perturbed in particular patients. For instance we might be able to predict that a particular patient would be more likely to respond to the antihypertensive effects of β-blockers than ACE inhibitors. We may then be able to use relatively inexpensive，one-time DNA tests，to determine which drugs can be used safely and efficaciously in patients with chronic illness. Such approaches promise to be more effective than the trial and error processes that are now often needed to discover optimal drug treatment regimens.


Development of Therapeutic Agents


In parallel with the government-funded human genome project，much effort has been expended in the private sector to identify and sequence novel genes. A large part of the motivation behind these efforts is the expectation that new therapeutic agents and targets will be discovered. The distinction between therapeutic agents and targets is one that has important implications for the development strategies that must be used. Therapeutic agents developed from genomic sequence information are usually secreted proteins or hormones that can be made for direct in vivo administration. A prime example is the use of recombinant erythropoietin for the treatment of anaemia in chronic renal failure. On the other hand，therapeutic targets can potentially be any proteins that are involved in a disease process or a compensatory response to disease. Once such a target is identified，further effort is needed to develop agents（usually small molecules）that can affect function of the target. Although it remains difficult to predict the three dimensional structure of novel proteins based on amino acid sequence alone，improvements in computational analysis，X-ray crystallography，and nuclear magnetic resonance studies are making it possible to produce increasingly sophisticated models of the active sites of target proteins. Using principles of rational drug design，it will become a more straight forward and less expensive matter to develop new drugs for particular diseases than using the trial-and-error methods that were relied upon in the past. The use of genomic sequence information in identifying targets for drug development is also advancing rapidly in the field of new antibiotic discovery. The genomes of several important microbial pathogens including H. influenzae，S. aureus，M. tuberculosis，and T. pallidum have been completely sequenced. Newly identified proteins that are important for bacterial replication or virulence but that do not have close relatives in mammalian cells may provide excellent drug or vaccine targets.

Another exciting possibility that arises from an understanding of the genomic sequence of disease genes is the possibility that the expression of particular proteins might be able to be modulated by developing small molecules that interact specifically with promoter and enhancer elements of the genes coding for these proteins. Considerable advances have been made in both the understanding of factors that influence sequence-specific DNA-binding and the ways in which gene expression are controlled，and it is likely that this knowledge will be used to help develop drugs that can up- or down-regulate gene expression in useful ways for disease treatment or prevention.


Gene Therapy


Though they have been slow to come to fruition，the concepts underlying somatic cell gene therapy predate the inception of the Human Genome Project. Initial plans to induce expression of normal proteins in patients with rare genetic defects，such as adenosine deaminase deficiency，have been broadened to include a range of more common diseases such as cancer，atherosclerosis，and AIDS. Achieving clinical benefits from gene therapy has proven to be problematic because of technical difficulties preventing sufficiently high-level expression of recombinant proteins in appropriate tissues. Substantial effort is now being directed to the development of viral and other vectors that will allow more effective delivery of introduced genes to the desired sites. A full discussion of gene therapies is beyond the scope of this chapter；but clearly，as our understanding of the human other genomes increases，the range of conditions that are amenable to treatment by various forms of somatic genetic manipulation will also increase.









SECTION Ⅱ Decision-making in Clinical Medicine




Xue Shuren

2 Evidence-based Medicine



To the medical student who requires 2 h to collect a patient’s history and perform a physical examination，and several additional hours to organize them into a coherent presentation，the experienced clinician’s ability to reach a diagnosis and decide on a management plan in a fraction of the time seems extraordinary. While medical knowledge and experience play a significant role in the senior clinician’s ability to arrive at a differential diagnosis and plan quickly，much of the process involves skill in clinical decision-making.

The most important clinical actions are not procedures or prescriptions but the judgments from which all other aspects of clinical medicine flow. In the modern era of large randomized trials，it is easy to overlook the importance of this elusive mental activity and focus instead on the algorithmic practice guidelines constructed to improve care. Today’s experienced clinician needs close to 2 million pieces of information to practice medicine. Doctors subscribe to an average of 7 journals，representing over 2500 new articles each year. Computers offer the obvious solution both for management of information and for better quantitation and management of the daily uncertainties of medical care.


Major Influences on Clinical Decision-making


One of the key roles of the physician in medical care is to serve as the patient’s agent to ensure that necessary care is provided at a high level of quality. Factors that influence this role include the physician’s knowledge，training，and experience. As would be expected，invasive cardiologists are much more likely to refer chest pain patients for diagnostic catheterization than are noninvasive cardiologists or generalists. The physician beliefs that drive these different practice styles are based on personal experience，recollection，and interpretation of the available medical evidence. For example，heart failure specialists are much more likely than generalists to achieve target angiotensin-converting enzyme（ACE）inhibitor therapy in their heart failure patients because they are more familiar with what the targets are（as defined by large clinical trials），have more familiarity with the specific drugs（including dosages and side effects），and are less likely to overreact to foreseeable problems in therapy such as a rise in creatinine levels or symptomatic hypotension. When conducting rounds with clinical pharmacists，physicians are less likely to make medication errors and more likely to use target levels of evidence-based therapies.

The patient’s welfare is not the only concern that drives clinical decisions. For example，a 30-year-old woman who presents with a long-standing history of intermittent headache and a new severe headache along with a normal neurologic examination has a very low likelihood of structural intracranial pathology. Performance of a head CT or magnetic resonance imaging（MRI）scan in this situation would constitute defensive medicine. On the other hand，the results of the test could provide reassurance to an anxious patient. Over the past 30 years，many attempts have been made to develop computer systems to help clinicians make decisions and manage patients. Conceptually，computers offer a very attractive way to handle the vast information load that today’s physicians face. In this era of evidence-based medicine，it is tempting to think that all the difficult decisions practitioners face have been or soon will be solved and digested into practice guidelines and computerized reminders. For the foreseeable future，however，such is not the case. Meta-analyses cannot generate evidence where there are no adequate randomized trials，and most of what clinicians face will never be thoroughly tested in a randomized trial. Excellent clinical reasoning skills and experience supplemented by well-designed quantitative tools and a keen appreciation for individual patient preferences will continue to be of paramount importance in the professional life of medical practitioners for years to come.


Advantages and Disadvantages of the New Approach


Evidence-based medicine can be viewed as a novel form of clinical practice，as a special compendium of approved information，or as a revolutionary change in medical education. In the original proposal for evidence-based medicine，a clinical analysis was divided into four main steps. Each step，as discussed in the next four sections，has its own distinctive advantages and disadvantages when conducted with the current evidence-based medicine compendium.


Formulating a Question to Be Answered


The obvious first step in any process of clinical reasoning is to choose a “prime topic” as the question to be answered. This topic is the doctor’s counterpart of the patient’s chief complaint. Nevertheless，just as the chief complaint may not always indicate what a patient really wants and expects，the prime topic may not always represent，and may sometimes misrepresent，what is needed for the care of the patient. To be answerable，the chosen question may have to be altered to suit the available data. Thus，the desire to learn about post-therapeutic outcomes，such as relief of symptoms and quality of life，may be diverted to an answer that indicates outcomes such as survival duration and changes in laboratory tests.

A greater，but less apparent，problem is the occasional or frequent mismatch between the available evidence and the nuances of the individual clinical situation. Most published reports of treatment，whether observational studies or randomized trials，will contain results for a stipulated therapy given to patients with a stipulated baseline clinical condition. The stipulations，however，may not include important details—such as concomitant therapy，comorbidity，severity of illness，and functional status—that distinguish the particular patient for whom the question is being asked. The general answer，reflecting results for the larger total group of patients who were treated for the condition，may not be pertinent for the patient’s individual distinctions.

This problem is heightened when the evidence comes solely from randomized trials. Designed to answer questions of general efficacy rather than to guide individual treatment，the trials often contain a highly selected group of patients，treated with a relatively rigid therapeutic protocol. Furthermore，with the currently popular intention-to-treat analytic principle，the results of the trials are appraised without regard to whether or how well the patients actually maintained（or even received）the randomly assigned treatment. The results of each trial thus indicate what happens to an “average” patient assigned to the treatment；and the meta-analyses produce an average of the averages. The average results may be satisfactory for the decisions made by economists，health-plan managers，regulatory agencies，and pharmaceutical companies；but averages are often grossly unsatisfactory for individual decisions about specific patients.


Searching the Literature


An important past role of medical textbooks and published “review articles” was to produce an authoritative summary of pertinent comments and evaluations for each prime topic. The summary may sometimes have been out-of-date，and the authority incorrect，but the search was relatively easy to do and the authority was clearly identified.

With this traditional approach rejected，clinicians are now urged to do their own computerized search of “the literature”. For only a single topic，among the many others that may be cogent，the computer will regularly produce a large display of multiple reports that can take considerable time to obtain and read. This time can be greatly shortened，however，if clinicians forgo their own full search，and use the approved but highly truncated selection contained in the evidence-based medicine compendium. The clinician thus relies on the evidence-based medicine authorities，who may be relatively anonymous or cited in a multitude of names，instead of the individually identified expert who wrote the section in a chosen textbook or review article.

Relying on the evidence-based medicine compendium，however，can be a frustrating activity in two types of situations. One of them occurs in the “grey zones of clinical practice” for which gold-standard randomized-trial evidence is available，but inconclusive. In the other situation，the selected prime topic has not been included in the evidence-based medicine collection. Because most randomized trials and their concomitant meta-analyses have been devoted to specific individual therapeutic regimens，very few or no trials have been done for most of the common topics of clinical practice. They include decisions about “risk factors” and aetiological agents（such as cigarette smoking），pathophysiological challenges（such as restoring electrolyte balance），appraising the relative merits of diagnostic tests，choosing prognostic indicators，or evaluating the “polypharmacy effects” that occur when several different treatments are used concomitantly. The published literature contains many reports on these topics，but the results come from non-randomized observational studies rather than trials.

Randomized trials（as well as observational studies）are also sparse or non-existent for many interpersonal clinical decisions，such as how to communicate with difficult patients，and how to offer useful reassurance. All of these topics will be omitted from the evidence-based medicine compendium.


Evaluating the Literature


The third step in the process is to evaluate what has been found in the literature. The evaluation is relatively quick and easy for topics supplied in the evidence-based medicine compendium，since they have already been assessed and deemed worthwhile. Nevertheless，thoughtful readers may have both qualitative and quantitative difficulties in using the results. Qualitatively，as noted earlier，the evidence-based medicine information may not be suitably pertinent for the individual patient who inspired the search. Quantitatively，the actual magnitude of the cited effects may be difficult to discern and understand when reported in the statistical jargon of proportionate increments，odds ratios，relative risks，and attributable risks.

In an era of excessive attention to “statistical significance”，the problem of discerning and interpreting quantitative magnitudes occurs for any type of report，and is not unique to evidence-based medicine. The problem is accentuated，however，when an evidence-based medicine claim of “better” is accepted uncritically，and particularly when the claim is used to construct guidelines for clinical practice，or criteria for policy recommendations and fiscal reimbursements.

A different type of problem occurs if the desired evidence is not contained in the evidence-based medicine compendium. The clinician must then appraise other sources of information，ranging from published literature to direct discussion with respected colleagues. The evidence-based medicine proponents have offered a hierarchy of rankings for the appraisal of published literature. Randomized trials rank at the top，followed by analyses of non-randomized observational studies，such as the groups appraised in cohort and case-control research. The lowest rank is given to uncontrolled case series，case reports，or the “anecdotal recommendations” offered by an individual expert.


Implement Useful Findings


The last step in the recommended process calls for the clinician to implement useful findings. Before beginning the implementation，however，the clinician must first be confident that the findings are indeed useful.

Randomized trials of the same topic have sometimes produced opposing results；different meta-analyses have reached different conclusions for the same set of data；meta-analyses in the evidence-based medicine compendium will often become out-of-date if not promptly revised whenever each pertinent new randomized trial appears；and a later large randomized trial may sometimes contradict results of an existing meta-analysis for smaller previous trials.

A separate problem in usefulness，as discussed earlier，is that the necessary information for an individual patient may be incomplete，inadequate，or wholly absent in the evidence-based medicine compendium. By emphasizing and averaging the “hard data” of randomized trials，the evidence-based medicine moment can augment the “statistical reductionism” that tends to dehumanize modern medicine，particularly when evidence-based medicine advocates refer to the care of patients as “disease management”.
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Xue Shuren

3 Structure and Function of the Normal Heart and Blood Vessels



The cardiovascular system is an elaborate network that performs two major tasks：It delivers oxygen and nutrients to body organs and removes waste products of metabolism from tissue cells. Its major components are the heart—a hollow muscular pump—and a circulatory system of large and small elastic vessels or conduits that transport blood throughout the body.

3.1 Heart

The heart，the central organ of the cardiovascular system，is located between the two lungs in the middle of the chest. Two-thirds of the heart lies to the left of the breastbone and one-third to the right. Placing a hand on the chest，we can feel the heartbeat on the left side of the rib cage because in that spot，the bottom left corner of the heart，which is somewhat tilted forward，comes closest to the surface of the body.


The Heart Chambers


The human heart is divided into four chambers—the right atrium and right ventricle and the left atrium and left ventricle. The walls of the chambers are made of a special muscle，the myocardium that contract rhythmically under the stimulation of electrical currents.The left and right atria and the left and right ventricles are separated from each other by a wall of muscle called the septum（atrial septum for the atria and ventricular septum for the ventricles）. Blood returning from the body through the venous system enters the heart through the right atrium，where it collects and is then pumped to the right ventricle. Each time the right ventricle contracts；it propels this blood，which is low in oxygen content，into the lungs，where it is enriched with oxygen. Pulmonary veins return the blood to the left atrium，which contracts and sends it to the left ventricle. The left ventricle，the main pumping chamber of the heart，ejects the blood through the aorta into the major circulatory network.

[image: ]
Fig.3-1 Anatomy review of heart




The Valves


Blood in the heart is kept flowing in a forward direction by a system of four one-way valves，each closing off one of the heart’s chambers at the appropriate time in the cardiac cycle. The valves open to let the blood through when the chambers contract，and snap shut to prevent it from flowing backward as the chambers relax. The valve system also helps maintain different pressures on the right and left sides of the heart. The valves differ significantly in structure. The two valves separating the ventricles from the circulatory system are called semilunar because of their crescent shaped cusps. At the juncture of the right ventricle and the pulmonary artery lies the pulmonary valve. It consists of three cusps，or flaps of tissue，that open freely when the right ventricle contracts and blood is ejected into the lungs，and then fall back as the ventricle relaxes. The other semilunar valve，the aortic valve，lies between the left ventricle and the aorta and also has three cusps. It is flung open when the left ventricle squeezes down to propel blood into the main circulation. When the left ventricle relaxes，the pressure in the aorta pushes the valve closed. The ventricles are separated from the atria by valves that，in addition to the cusps，have thin but strong cords of fibrous tissue. Called chordaetendineae，these cords tether the valves to the ventricular walls. When the ventricles contract，small muscles in their walls，called papillary muscles，pull the cords，which act as guide wires，and control the closure of the valve leaflets，preventing them from flapping too far backward. The valve located between the left ventricle and left atrium is a cone-shaped funnel that resembles a miter—a triangular head dress worn by bishops and abbots and is therefore called the mitral valve. It has two leaflets that are remarkably mobile and can open and close rapidly. The corresponding valve between the right ventricle and right atrium is called the tricuspid valve. As its name suggests，it has three cusps，or leaflets，that are thinner than those of the mistral valve and just as mobile.

[image: ]
Fig.3-2 Valves in the heart：Tricuspid valve；Pulmonary valve；Mitral valve；Aortic valve.




The cardiac cycle：
 Electrical events initiate the cardiac cycle with depolarization of the sinoatrial node in the upper right atrium near the orifice of the superior vena cava. Cardiac muscle acts as a functional syncytium.Cell to cell conduction is possible because the intercalated discs offer a low electrical resistance. The action potential in an active cell causes current flow，which depolarizes the adjacent cells. The generated action potential spreads from the sinoatrial node across the functional syncytium at a speed of 1.0 to 1.2 m/s. The first mechanical response is atrial systole.

[image: ]
Fig.3-3 Diagram of the heart showing the impulse-generating and impulse-conducting system.



The valvular attachments and connective tissue in the atrioventricular groove normally prevent cell to cell conduction of the electrical impulse from atrium to ventricle. This conduction occurs only through the specialized cells of the atrioventricular node. The atrioventricular node is a region of slow conductance，from 0.02 to 0.1 m/s. This delays activation of the cells of the bundle of His and allows time for completion of ventricular filling. The conduction velocity in the bundle of His is from 1.2 to 2.0 m/s. The impulse passes via the right bundle branch and the two branches of the left bundle，and spreads rapidly（2.0 to 4.0 m/s）through the Purkinje fibers and each muscle cell to produce an orderly sequence of ventricular contraction.

Atrial and ventricular depolarization（P wave and a QRS complex）and repolarization（T wave）can be recorded on the electrocardiogram as the summation of the spread of the electrical potentials over all the cells of the heart.
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Fig.3-4 Results of depolarization ＆ repolarization，diagram of electrocardiographic complexes.



The specialized cells of pacemaker tissue have an inherent rhythmicity which is shared by the sinoatrial node，the atrioventricular node，and Purkinje tissue. Unlike other myocardial cells these cells do not maintain a diastolic intracellular potential of about -90 mV but tend to depolarize spontaneously. Because the sinoatrial node has the fastest inherent discharge（depolarization）rate，and because there is a brief period after depolarization of the whole heart during which a further stimulus is ineffective—the absolute refractory period—the sinoatrial node is normally the pacesetter for the heart. However，if this does not occur，pacemaker tissue in the atrioventricular node，the bundle of His，or the Purkinje system，will assume this role. The heart rate is then considerably slower.


Mechanical events：
 The mechanical events following depolarization of the atrial and ventricular muscle and their timing in relation to the electrocardiogram，to pressure and flow changes.

The phases of the cardiac cycle identified by the numbers at the bottom are：（1）atrial systole；（2）isovolumetric ventricular contraction；（3）ventricular ejection；（4）isovolumetric ventricular relaxation；and（5）ventricular filling. The Right Atrium receives “used blood” from the body. Blood will be pushed through the tricuspid valve to the Right Ventricle，the chamber which will pump to the lungs through the pulmonic valve to the Pulmonary Arteries，providing blood to both lungs. Blood is circulated through the lungs where carbon dioxide is removed and oxygen added. It returns through the Pulmonary Veins，which empty into the Left Atrium，a chamber which will push the Mitral Valve open. Blood then passes into the Left Ventricle. Although it doesn’t always look like it in drawings done from this angle，this is the largest and most important chamber in the heart. It pumps to the rest of the body. As it pumps，the pressure will close the mitral valve and open the aortic valve，with blood passing through to the Aorta，where it will be delivered to the rest of the body. The four essential determinants of cardiac function—preload，afterload，heart rate，and contractility.
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Fig.3-5 Phases of the cardiac cycle



3.2 Circulation

The circulatory system is an intricate network of vessels that supplies blood to all body organs and tissues. Placed end to end，all the blood vessels of the body would stretch some 60，000 miles in length. Blood that has been oxygenated in the lungs—bright red in color—is pumped out of the heart through the aorta，the body’s largest artery，which measures approximately 1 inch in diameter. The aorta arches upward from the left ventricle to the upper chest，and then runs down the chest into the abdomen. It forms the main trunk of the arterial part of the circulation，which branches off into numerous arteries that deliver oxygen-rich blood to various tissues.The capillaries carrying blood that now has lower oxygen content merge to form the venues，which in turn converge into successively larger veins. Venous blood，sometimes referred to as blue，is in fact a purplish or dark red color. Venous blood enters the right atrium through two major vessels：the superior vena cava，which brings blood from the upper part of the body，including the brain；and the inferior vena cava，which brings blood from the lower part，Since the pressure in the veins is normally significantly lower than in the arteries，the walls of the veins are considerably thinner than arterial walls.
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Fig.3-6 Peripheral vascular system




Coronary Blood Flow


Coronary blood flow accounts for about 4 percent of the cardiac output. The heart extracts most（70 percent）of the oxygen carried in the coronary circulation；the arteriovenous difference for oxygen across the heart being about 110 mL/litre，whilst that for the whole body is only about 40 mL/litre under resting conditions. Therefore，large increases in myocardial oxygen requirements must be met largely by increases in coronary blood flow，and this may increase five- or six fold during strenuous exercise. The greater part of this flow is to the left ventricle，of which at least two-thirds occurs during diastole because of the throttling effect systole has on myocardial perfusion.The main coronary arteries are on the superficial surface of the heart，and because of this，and the hindrance to coronary flow during systole，the subendocardial region of the left ventricle is more vulnerable to perfusion deficits in relation to oxygen need than the outer two-thirds of the muscle wall. Despite these mechanical problems，flow is normally evenly distributed throughout the myocardium so that，when regional coronary blood flow is measured using injected radioactive microspheres（in dogs），the ratio of endocardial to epicardial flow is approximately unity. In fact the inner layers of the heart probably receive slightly more blood（up to 10 percent）than the outer layers. This is consistent with the subendocardium developing more tension than the subepicardium，and is evidence for a greater rate of myocardial oxygen consumption in the inner layers.
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Fig.3-7 The coronary arteries，which provide the heart’s own blood supply，branch out 3 arteries：Left（Main）coronary artery；Left circumflex artery；Left anterior descending artery；Right coronary artery













4 Evaluation of the Patient with Cardiovascular Disease






4.1 Symptoms

Patients with cardiovascular disease may present with a wide range of symptoms. In evaluating the patient with known or suspected heart disease，the physician must quickly determine whether a potentially life-threatening condition exists. In such situations，the evaluation must focus on the specific issue at hand and be accompanied by the rapid performance of appropriately directed additional tests. Examples of potentially life-threatening conditions include acute myocardial infarction，unstable angina，suspected aortic dissection，pulmonary edema，and pulmonary embolism.


Chest Pain


Chest discomfort or pain is the cardinal manifestation of myocardial ischemia due to coronary artery disease or any condition that causes myocardial ischemia via an imbalance of myocardial oxygen demand as compared with myocardial oxygen supply. New，acute，often ongoing pain may indicate an acute myocardial infarction，unstable angina，or aortic dissection；a pulmonary cause such as acute pulmonary embolism or pleural irritation；a musculoskeletal condition of the chest wall，thorax，or shoulder；or a gastrointestinal abnormality such as esophageal reflux or spasm，peptic ulcer disease，or cholecystitis. Angina pectoris occur at retrosternal region；radiates to or occasionally isolated to neck，jaw，epigastrium，shoulder，or arms—left common heaviness，pressure，burning，constriction ＜2—10 min precipitated by exercise，cold weather，or emotional stress；relieved by rest or nitroglycerin；atypical（Prinzmetal’s）angina may be unrelated to activity，often early morning. The chest discomfort of myocardial infarction commonly occurs without an immediate or obvious precipitating clinical cause and builds in intensity over at least several minutes；the sensation can range from annoying discomfort to severe pain. Although a variety of adjectives may be used by patients to describe the sensation，physicians must be suspicious of any discomfort，especially if it radiates to the neck，shoulder，or arms. The chest discomfort of unstable angina is clinically indistinguishable from that of myocardial infarction except that the former may be more clearly precipitated by activity and be more rapidly responsive to antianginal therapy. Recurrent，episodic chest discomfort may be noted with angina pectoris as well as with a large number of cardiac and non-cardiac causes. A variety of stress tests can be used to provoke reversible myocardial ischemia in susceptible individuals and to help determine whether such ischemia is the pathophysiologic explanation for the chest discomfort.


Dyspnea


Dyspnea，which is an uncomfortable awareness of breathing，is commonly due to cardiovascular or pulmonary disease. In cardiovascular conditions，dyspnea is usually caused by increases in pulmonary venous pressure due to left ventricular failure or valvular heart disease. Orthopnea，which is an exacerbation of dyspnea when the patient is recumbent，is due to increased work of breathing because of either increased venous return to the pulmonary vasculature or loss of gravitational assistance in diaphragmatic effort. Paroxysmal nocturnal dyspnea is severe dyspnea that awakens a patient at night and forces the assumption of a sitting or standing position to achieve gravitational redistribution of fluid. In heart failure，dyspnea is typically noted as a hunger for air and a need or an urge to breathe. The feeling that breathing requires increased work or effort is more typical of airway obstruction or neuromuscular disease. A feeling of chest tightness or constriction during breathing is typical of bronchoconstriction，which is commonly caused by obstructive airway disease but may also be seen in pulmonary edema.


Palpitations


Palpitations describe a subjective sensation of an irregular or abnormal heartbeat. Palpitations may be caused by any arrhythmia with or without important underlying structural heart disease. Palpitations should be defined in terms of the duration and frequency of the episodes，the precipitating and related factors，and any associated symptoms of chest pain，dyspnea，lightheadedness，or syncope. The feeling associated with a premature atrial or ventricular contraction，often described as a “skipped beat” or a “flip-flopping of the heart”，must be distinguished from the irregularly irregular rhythm of atrial fibrillation and the rapid but regular rhythm of supraventricular tachycardia. Associated symptoms of chest pain，dyspnea，lightheadedness，dizziness，or sweating suggest an important effect on cardiac output and mandate further evaluation. In general，evaluation begins with ambulatory electrocardiography，which is indicated in patients who have palpitations in the presence of structural heart disease or substantial accompanying symptoms.


Syncope


Syncope can be caused by any condition that decreases cardiac output（e.g.，brady arrhythmia，tachyarrhythmia，obstruction of the left ventricular or right ventricular inflow or outflow，cardiac tamponade，aortic dissection，or severe pump failure），by reflex-mediated vasomotor instability（e.g.，vasovagal，situational，or carotid sinus syncope），or orthostatic hypotension. Neurologic diseases（e.g.，migraine headaches，transient ischemic attacks，or seizures）also can cause transient loss of consciousness. Syncope caused by a cardiac arrhythmia usually occurs with little warning. Syncope with exertion or just after concluding exertion is typical of aortic stenosis and hypertrophic obstructive cardiomyopathy.


Other Symptoms


Non-productive cough is often an early manifestation of elevated pulmonary venous pressure and otherwise unsuspected heart failure. Fatigue and weakness are common accompaniments of advanced cardiac disease and reflect an inability to perform normal activities. Hemoptysis is a classic presenting finding in patients with pulmonary embolism，but it is also common in patients with mitral stenosis，pulmonary edema，bronchiectasis，and bronchitis. Claudication，which is pain in the extremities with exertion，should alert the physician to possible peripheral arterial disease.

4.2 Physical examination

The cardiovascular system is perhaps more accessible to physical examination than any other. Examination is most helpful if it is approached logically：there is a group of general abnormalities that can be detected in cardiovascular disease，there is a group of signs associated with the arterial side of the circulation，a group associated with the venous side，and a group associated with the heart itself.


General Examination


Pain due to cardiovascular disease（as in myocardial infarction or aortic dissection）may cause pallor，cold and clammy extremities. Breathlessness and an inability to lie flat（orthopnoea）may result from pulmonary congestion due to left heart failure. Pulmonary oedema will cause extreme breathlessness with the coughing up of frothy and sometimes bloodstained sputum，and peripheral vasoconstriction will cause cold and clammy extremities.
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Fig.4-1 Nail clubbing（right）and a normal nail（left）.



Central cyanosis（affecting the lips and tongue as well as the hands and feet）may indicate heart failure or pulmonary disease but may be due to polycythaemia. Central cyanosis，especially when associated with finger clubbing，is characteristic of a right to left shunt. Peripheral cyanosis indicates a high tissue oxygen extraction，and will be seen when the hands or feet are cold，or when there is peripheral arterial occlusion.


Physical Signs in the Arterial Circulation



Peripheral pulses：
 A pulse can be felt whenever an artery is near the surface of the body. In fat or muscular people some pulses may be difficult to feel，but asymmetry of pulses is usually abnormal. Pulses may be lost through athermanous disease，embolization，or injury. Pulses that are unusually easy to feel—for example in the abdomen，or the popliteal pulses—may be due to aneurysmal dilatation.

The pulses that should be checked are the superficial temporals，carotids，brachials，radials，the aorta，femorals，popliteals，dorsalis pedis，and posterior tibials. Tenderness over the superficial temporal pulses may indicate temporal arteritis. Auscultation over the carotid and femoral pulses，and over the aorta，should be routine as bruits will indicate narrowing，usually atheromatous.


Heart rate and rhythm：
 Although the heart rate is usually—and most conveniently—counted in the radial artery，this can be unreliable. In uncontrolled atrial fibrillation there may be a “pulse deficit”，with the true rate being faster than is apparent at the radial artery. The “apex rate”，counted by listening to or feeling the cardiac apex，is more reliable. Similarly，it is easier to distinguish irregularities of the heart rhythm by auscultation than by feeling a peripheral pulse.
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Fig.4-2 Technique for peripheral pulses：A. Carotid，B. Femoral and Radial，C. Dorsali pedis and posterior tibia




Jugular Venous Pulse


Important information concerning the dynamics of the right side of the heart can be obtained by observation of the jugular venous pulse. During the examination，the patient should be lying comfortably. Although the head should rest on a pillow，it must not be at a sharp angle from the trunk. One can examine the jugular venous pulse effectively by shining a light tangentially across the neck. Most patients with heart disease are examined most effectively in the 45-degree position.
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Fig.4-3 Palpation of the liver. The patient is supine with knees flexed to relax the abdomen. The flat of the examiner’s right hand is placed on the right upper quadrant just below the expected inferior margin of the liver；the left hand is applied diametrically opposite.




The Liver


If the right atrial pressure is high the liver will be distended and be palpable below the costal margin. It will be smooth and tender. With tricuspid regurgitation the liver will pulsate，and pulsation may also be seen in varicose veins in the legs. With marked and longstanding right heart failure there may also be splenic enlargement. Heart failure causes liver malfunction and—especially when tricuspid regurgitation is present—there may be jaundice.


Edema


A combination of a high right heart pressure and hormonal changes cause fluid retention，with edema fluid collecting in dependent areas. There will be symmetrical ankle and leg swelling，and if the patient is in bed for a prolonged period there will be edema over the sacrum. Fluid can collect in all serous cavities causing pleural and pericardial effusions and ascites. It is logical to think of the lungs at the same time as the veins：a rise in left atrial pressure will cause pulmonary congestion and eventually pulmonary edema. These can be recognized by a soft wheeze（“cardiac asthma”）and crackles at the lung bases.
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Fig.4-4 Palpation of the left ventricular impulse with a fingertip（arrow）. The patient’s trunk is 30 degrees above the horizontal. The examiner’s right thumb palpates the carotid pulse for timing purposes.



4.3 Examination of the heart


Palpation


The apex beat is the furthest point outward from the midline，and downwards，where a cardiac impulse can be felt. It is important to accept this definition，and not to confuse the apex beat with the “point of maximum impulse”，because it provides the best guide to the size of the heart. The normal position of the apex beat is in the fifth rib interspace in the mid-clavicular line.

The apex beat may be displaced by：left ventricular hypertrophy or dilatation，right ventricular hypertrophy mediastinal shift. Right ventricular hypertrophy is detected from a diffuse “heaving” movement just to the left of the sternum；remember that the right ventricle forms the anterior surface of most of the heart. Mediastinal shift is identified if the trachea is moved to one side of the suprasternal notch. If the apex beat is displaced laterally and downwards but the trachea is central and there is no parasternal heave，then the left ventricle must be enlarged. A diffuse and abnormal movement medial to the apex may indicate a left ventricular aneurysm. The precordium should be felt with the flat of the hand over the cardiac apex and the upper right sternal edge where thrills may be present. A thrill is simply a palpable murmur. A loud first sound may be felt as a tapping apex beat.


Heart Sounds


There are four possible heart sounds and various extra sounds called clicks or snaps. These discrete noises arise from sudden movements in the circulating blood；they are not the result of valve cusps coming into contact with each other. Their pitch varies，and it is necessary to listen with the bell of the stethoscope for low-pitched sounds，and with the diaphragm for high-pitched sounds. Auscultation should be performed at the cardiac apex，to the left side of the top and bottom of the sternum and at the top of the right sternal edge. These positions are sometimes called the mitral，tricuspid，pulmonary，and aortic areas，but these descriptions are inappropriate because murmurs from these valves are not localized in these areas. The terms should be abandoned.
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Fig.4-5 The bell of the stethoscope is applied to the cardiac apex while the patient lies in a partial left lateral decubitus position. The thumb of the examiner’s free left hand is used to palpate the carotid artery for timing purposes.



The first sound is associated with closure of the mitral and tricuspid valves at the beginning of systole. It is sometimes possible to hear separation，or splitting，of these two components but this is not a useful sign. The second sound，best heard at the upper left sternal edge，is associated with closure of the aortic and pulmonary valves. The aortic valve closes first，and in inspiration，when pulmonary closure becomes delayed due to the increased blood flow through the right heart，the two components separate more widely. Variable splitting of the second heart sound is heard almost invariably in the young，but becomes less marked with age. Fixed splitting of the second sound is associated with right bundle branch block on the electrocardiogram，and may indicate an atrial septal defect. Reverse splitting is associated with left bundle branch block on the electrocardiogram. Aortic valve closure is delayed in left bundle branch block，so pulmonary closure is heard first. On inspiration pulmonary closure becomes delayed，so the pulmonary sound moves back to join the sound of aortic closure and the second sound becomes single.

The third and fourth sounds are due to rapid ventricular filling. The third sound is in early diastole soon after the second sound，and the fourth sound is associated with atrial contraction and therefore comes just before the first sound.Both are low pitched and are best heard at the apex with the patient rolled slightly onto the left side. A third sound is normal in children and young adults，but after middle age it is a sign of heart failure. A fourth sound（which can be difficult to differentiate from a split first sound）is nearly always abnormal and is said to indicate reduced ventricular distensibility. Right ventricular third and fourth sounds can sometimes be heard at the lower left sternal edge；they are louder on inspiration.
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Fig.4-6 The basic heart sounds are the S1
 ，S2
 ，S3
 ，and S4
 .
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Fig.4-7 Upper tracing illustrates a low-frequency S4
 ，and the lower tracing illustrates a split S1
 ，the two components of which are of the same quality.
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Fig.4-8 Ejection click associated with aortic stenosis due to a congenitally bicuspid valve.



An ejection click，occurring just after the first sound，indicates a deformed but mobile aortic or pulmonary valve. The click may be associated with “doming” of the valve before it opens. Late systolic clicks are heard with mitral valve prolapse.

An opening snap is a diastolic sound，just after the second sound，and is associated with the opening of a stenosed but mobile mitral or tricuspid valve. Unlike a third sound it is high pitched，and an opening snap can often be heard towards the left sternal edge while a third sound is always localized to the apex.


Heart Murmurs


Heart murmurs are the result of turbulent blood flow associated with stenosed，leaking，or incompetent valves（when the murmur is said to be “regurgitant”）and with abnormal connections between the pulmonary and systemic circulation. A loud murmur can sometimes cause a palpable thrill. Murmurs can be systolic or diastolic（referring to the ventricles）. A systolic murmur occurs when the mitral and tricuspid valves are shut，and the aortic and pulmonary valves are open. Conversely，diastolic murmurs are heard when the aortic and pulmonary valves are shut and the mitral and tricuspid valves are open.

Most murmurs originate in the left heart. Right heart murmurs are usually quiet but may become louder on inspiration. It should be remembered that the loudness of a murmur is only an extremely crude guide to its haemodynamic significance.

Murmurs originating in the mitral valve are best heard at the cardiac apex with the patient rolled a little to the left side. Mitral regurgitation causes a medium pitch “pansystolic” murmur，which begins immediately after the mitral valve closes and persists throughout systole. Murmurs spread，or radiate，in the direction of flowing blood and the murmur of mitral regurgitation radiates round the axilla and through to the back，as turbulent blood flows into the left atrium which forms the posterior part of the heart. When mitral regurgitation is due to mitral valve prolapse the murmur is still systolic，but it comes late in systole and is not pan systolic. In mitral stenosis the opening snap is followed by a murmur，which rises to a peak and then falls，this sort of murmur is called “ejection”.
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Fig.4-9 Systolic murmurs as illustrated here are descriptively classified according to their time of onset and termination as midsystolic，holosystolic，early systolic，and late systolic.
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Fig.4-10 Diastolic murmurs are descriptively classified according to their time of onset as early diastolic，mid-diastolic，or late diastolic.



Aortic stenosis causes the classic ejection systolic murmur heard at the upper right sternal edge. It radiates up the carotids，and this radiation has to be differentiated from a bruit due to narrowing of the carotid arteries. Carotid artery bruits are usually asymmetrical. An aortic ejection systolic murmur may also be heard when the valve is abnormal（for example，when it is bicuspid）but does not impede blood flow，or where there is an increased flow through a normal valve as in anaemia or pregnancy. Aortic regurgitation causes a high-pitched murmur that begins immediately after aortic valve closure and dies away，usually by mid-diastole. It is described as an “early diastolic” murmur，and is best heard at the mid left sternal edge—hence the fallacy of calling the upper right sternal edge the aortic area. The murmur of aortic regurgitation is best heard with the patient leaning forward and breathing out. The regurgitant jet of aortic regurgitation may impinge on the anterior cusp of the mitral valve causing it to flutter. This can cause a murmur（the Austin-Flint murmur）that is very similar to that of mitral stenosis，but there is no associated opening snap.


Approach to the Patient with a Heart Murmur


Although a careful physical examination with emphasis on detailed auscultation is useful in establishing a cardiac diagnosis or excluding serious cardiac disease in a patient with a heart murmur，echocardiography is decisive in confirming the diagnosis and determining the severity of the condition. Approach to the patient with a heart murmur depends on its intensity，timing，location，response to maneuvers，and the presence of other cardiac and noncardiac symptoms and signs.
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Fig.4-11 A technique for eliciting a diastolic murmur of aortic regurgitation.
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Fig.4-12 Maximal intensity and radiation of six isolated systolic murmurs.HCM=hypertrophic cardiomyopathy；MR = mitral regurgitation；Pulm = pulmonary；VSD = ventricular septal defect.
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Fig.4-13 A schematic approach to the work-up of a patient with a cardiac murmur according to whether the murmur is probably innocent or secondary to cardiac pathology.
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Fig.4-14 A technique for eliciting a pericardial “rub”.




Pericardial Rubs


In sinus rhythm，the typical pericardial “rub” is triple phased，that is，midsystolic，mid-diastolic，and presystolic. Recognition is simplest when all three phases are present and when the characteristic superficial scratchy，leathery qualityis evident. Pericardial rubs may be more readily detected when the patient is on elbows and knees.


The Importance of the Physical Examination


A common pitfall in cardiovascular medicine is the failure by the cardiologist to recognize that a patient’s heart disease is part of a systemic illness. Equally important is the failure by the no cardiologist to recognize the presence of a cardiac disorder that is a component of a systemic illness whose major effect may be on other organ systems. To avoid these two pitfalls，patients known to have or suspected of having heart disease require not only a detailed examination of the cardiovascular system but also a careful general physical examination. For example，the presence of coronary artery disease should prompt a careful search for frequent noncardiac concomitant conditions such as atherosclerosis of the carotid arteries and of the arteries of the lower extremities and aorta. Conversely，the very high incidence（approximately 50 percent）of coronary artery disease in patients with cerebrovascular disorders must be considered in dealing with patients with these conditions. “There are still many reasons to promote the teaching of bedside diagnostic skills such as cardiac auscultation. Among these are cost-effectiveness，the possibility of making inexpensive serial observations，the early detection of critical findings，the intelligent and well-guided selection of costly diagnostic technology，and the therapeutic value of the physical contact between physician and patient.” In this era of cost containment in the practice of medicine，and the great expense of many “high-tech” diagnostic procedures，the physical examination remains a relatively inexpensive，useful “test”.











5 Diagnostic Tests and Procedures






5.1 Electrocardiography


The Resting 12-lead ECG



The basic ECG waveform：
 The basic ECG waveform consists of three recognizable deflections termed “P wave”，“QRS complex”，and “T wave”... The P wave is the surface electrocardiographic manifestation of atrial myocardial depolarization. Depolarization of the sinoatrial node is not recognizable on the surface ECG and can only be inferred from the shape and direction of the P wave. The QRS complex is the surface electrocardiographic manifestation of ventricular myocardial depolarization. The S-T segment and T wave represent ventricular myocardial repolarization. Atrial myocardial repolarization is indicated by the Ta wave，which is a small，asymmetrical negative wave following the P wave，usually obscured by the QRS complex which occurs at the same time. The Ta wave usually becomes easily recognizable during sinus tachycardia（especially during exercise），since it then increases in size and becomes a rounded negative wave beginning before the QRS complex and extending into the S-T segment.A prominent atrial repolarization wave occurring during an exercise stress test is frequently wrongly interpreted as S-T-segment depression. The key to avoiding this error is to recognize that the negativity begins before the QRS complex. The P wave and T wave have relatively simple shapes which exhibit few variations. The QRS complexes exhibit more readily recognizable differences in pattern in different leads within the same ECG.
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Fig.5-1 The basic ECG waveform.




Myocardial Hypertrophy


Appreciable hypertrophy of the right or left ventricle produces characteristic changes in the electrocardiogram. Lesser degrees of hypertrophy may be present without electrocardiographic changes or with only minor，non-specific changes. This is more often true of right than of left ventricular hypertrophy.
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Fig.5-2 Left ventricular hypertrophy（LVH）increases the amplitude of electrical forces directed to the left and posteriorly. In addition，repolarization abnormalities can cause ST segment depression and T wave inversion in leads with a prominent R wave. Right ventricular hypertrophy（RVH）can shift the QRS vector to the right with an R，RS，or qR complex in lead V1
 . T wave inversions may be present in the right precordial leads.




Left ventricular hypertrophy：
 Left ventricular hypertrophy is not an all-or-none phenomenon，and the same is true of its recognition on the ECG. Several scoring systems have been devised. The most sensitive（and least specific）criteria consider the precordial lead voltages. The increased bulk of the left ventricle increases the voltage that is induced during left ventricular depolarization. This results in taller R waves in the left precordial leads and deeper S waves in the right precordial leads. The increased ventricular wall thickness also results in prolongation of the time taken for the depolarization wave to travel from endocardium to epicardium，that is to say it increases the ventricular activation time. In addition，secondary changes in depolarization occur，altering the S-T segments and T waves.

The electrocardiographic criteria for left ventricular hypertrophy are：

1. At least one R wave in the left precordial leads exceeds 27 mm；

2. At least one S wave in the right precordial leads exceeds 30 mm；

3. The sum of the tallest R wave and the deepest S wave in the precordial leads exceeds 40 mm；

4. The largest positive or negative deflection in the limb leads exceeds 20 mm；

5. The intrinsic deflection time（ventricular activation time）exceeds 0.04 s；

6. S-T-segment depression and T-wave inversion may occur in the left precordial leads and in those limb leads that face the left ventricle.

The presence of one or more of the above abnormalities suggests the presence of left ventricular hypertrophy，only provided that the total QRS duration does not exceed 0.10 s. The greater the number of criteria fulfilled，the more confident one can be of the diagnosis. The voltage criteria have the greatest sensitivity，and the intrinsic deflection time the greatest specificity. However，one must exercise caution in diagnosing left ventricular hypertrophy on the basis of voltage criteria alone，especially if the patient is slim—and also note that the sensitivity for the diagnosis of left ventricular hypertrophy is very low in those who are obese. An example of clear-cut electrocardiographic changes of left ventricular hypertrophy is shown in Fig.5-3.

[image: ]
Fig.5-3 Marked left ventricular hypertrophy（LVH）pattern with prominent precordial lead QRS voltages. ST depression and T wave inversion left atrial abnormality is also present.




Right ventricular hypertrophy：
 Increased bulk of the right ventricle gives rise to higher voltages during right ventricular depolarization，increasing the size of the positive deflection in the right precordial leads. In addition，it shifts the electrical axis towards the right and changes the S-T segments and T waves in leads facing the right ventricle，because of secondary changes in the repolarization process. The electrocardiographic criteria for right ventricular hypertrophy are：

1. A positive deflection equal to or greater than the negative deflection in V1
 （RS，Rs，qR，rR’）in the presence of a normal total QRS duration；

2. A mean frontal plane QRS axis more positive than +90°；and

3. S-T-segment depression and T-wave inversion in right precordial leads.

The more features present，the more convincing is the electrocardiographic evidence for right ventricular hypertrophy，but，in general，the combination of a dominant positive deflection of the QRS in V1
 and an abnormal degree of right-axis deviation（axis more positive than +90°）establishes the diagnosis. Examples are shown in Fig. 5-4.
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Fig.5-4 Right ventricular hypertrophy pattern：a tall R wave in V1
 ，right axis deviation，T wave inversion in V1
 through V3
 .




Pulmonary embolism：
 Acute right ventricular pressure overload such as produced by pulmonary embolism can produce a characteristic ECG pattern，including（1）a QR or qR pattern in the right ventricular leads；（2）an SⅠ
 QⅢ
 TⅢ
 pattern with an S wave in lead Ⅰ and new or increased Q waves in lead Ⅲ and sometimes aVF，with T wave inversions in those leads；（3）ST segment deviation and T wave inversions in leads V1
 to V3
 ；and（4）incomplete or complete right bundle branch block（RBBB）. Sinus tachycardia is usually present.
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Fig.5-5 Pulmonary embolism patterns. An SⅠ
 QⅢ
 TⅢ
 ，a QS in V1
 with poor R wave progression in the right precordial leads（“clockwise rotation”）.



Arrhythmias such as atrial fibrillation can also occur. However，even with major pulmonary artery obstruction，the ECG is notoriously deceptive and may show little more than minor or nonspecific waveform changes，or it may even be normal. The classic SⅠ
 QⅢ
 TⅢ
 pattern occurs in only about 10 percent of cases of acute pulmonary embolism Furthermore；the specificity of this finding is limited，because it can occur acutely with other causes of pulmonary hypertension.


Atrial hypertrophy：
 The electrocardiographic changes produced by left atrial hypertrophy are those produced by an increase in the voltage and duration of the left atrial depolarization wave. Since the terminal part of the normal P wave is produced by left atrial depolarization，it follows that the total P-wave duration is prolonged in left atrial hypertrophy. In addition，the P wave tends to be bifid in lead Ⅱ and biphasic in V1
 . In V1
 the area of the（terminal）negative component exceeds the area of the（initial）positive component. Left atrial hypertrophy is most commonly seen in association with left ventricular hypertrophy and（in countries where rheumatic heart disease is rare）is most commonly due to systemic hypertension. The finding of left atrial hypertrophy in the absence of evidence of left ventricular hypertrophy suggests mitral valve obstruction（mitral stenosis or，very rarely，left atrial myxoma）.
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Fig.5-6 Schematic diagram representation of atrial depolarization P wave patterns associated with normal atrial activation（left）and with right（middle）and left（right）atrial abnormalities.



The electrocardiographic change produced by right atrial hypertrophy is an increase in the peak voltage of the P wave. This is usually best seen in lead Ⅱ. In lead Ⅱ the P-wave voltage is abnormal when it exceeds 3 mm. Right atrial hypertrophy is most commonly seen in the presence of right ventricular hypertrophy. The finding of right atrial hypertrophy in the absence of right ventricular hypertrophy suggests tricuspid valve obstruction.
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Fig.5-7 Biatrial abnormality，with tall P waves in lead Ⅱ and an abnormally large terminal negative component of the P wave in lead V1
 .




Bundle-branch Block


Total failure of conduction in the right or left branches of the bundle of His（bundle-branch block）can only be diagnosed with confidence from the appearances in the precordial leads，although necessarily there are also changes in the appearances in the limb leads.


Right bundle-branch block：
 In right bundle-branch block，the primary change induced is a delay in depolarization in the right ventricular free wall. This results in the development of a second positive wave in the right ventricular leads（and a second negative wave in left ventricular leads），and prolongs the total QRS duration. The essential electrocardiographic features of right bundle-branch block are：

1. a total QRS duration of 0.12 s or more；and

2. The presence of a secondary positive wave in V1
 （rsR’，rR’）.
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Fig.5-8 Right bundle-branch block.
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Fig.5-9 Left bundle-branch block




Left bundle-branch block：
 Left bundle-branch block induces changes in the ECG which are more extensive than those produced by right bundle-branch block. In left bundle-branch block not only is depolarization of the free wall of the left ventricle delayed（a precise corollary of the changes in right bundle-branch block），but also the direction of depolarization of the interventricular septum is from right to left instead of from left to right as in the normal electrocardiogram. This reversal of the direction of septal depolarization gives rise to widespread and major alterations in the QRS complexes in every lead of the electrocardiogram.

The diagnostic criteria for left bundle-branch block are：

1. A total QRS duration equal to or in excess of 0.12 s；and

2. Absence of the normal（septal）q waves in lead Ⅰ，aVL，and V4
 —V6
 ；and

3. Absence of a secondary r wave in V1
 .


Coronary Heart Disease


ECG changes in ischemic heart disease are very variable，depending on the site and severity of ischemic damage. However，certain patterns are commonly produced.


Acute coronary syndromes
 （STEMI，NSTE MI，and unstable angina）：Patients presenting clinically with an acute coronary syndrome may or may not have initial S-T elevation. Most（75 percent）of those with S-T elevation subsequently develop abnormal Q waves and most of the remaining 25 percent develop reduction in R wave height. Occasionally the ECG may return entirely to normal after initial S-T elevation. Those who present without initial S-T elevation do not usually develop abnormal Q waves. In such cases there may be（non-specific）S-T segment depression（flat，down sloping or up sloping），flattening or inversion of the T waves or a combination of non specific S-T and T changes and the final diagnosis can then be either NSTE infarction or unstable angina. The distinction between these two depends entirely on whether or not serum markers of infarction are present.

In contrast to the typical，striking evolutionary changes of STEMI，the ECG findings in NSTEMI are less dramatic and less predictable. The electrocardiographic evidence consists of primary S-T-segment depression（“primary” implies in the absence of any detectable S-T elevation）or of deep，symmetrical T-wave inversion without any change in the QRS complexes. Each of these changes can be produced by myocardial ischemia without infarction，and the diagnosis of NSTEMI cannot be made on a single electrocardiogram alone. Either（1）a single such record accompanied by clinical or enzyme evidence of infarction，or（2）serial records that persistently show primary S-T depression or that show deep symmetrical T-wave inversion，is required.


QRS changes of myocardial infarction：
 Two QRS changes are indicative of myocardial infarction. These are：

1. Inappropriately low R-wave voltage in a local area；and

2. Abnormal q waves.

These two changes represent parts of the same process. The development of increased negativity（abnormal q waves）and the reduction in the normal positivity（loss of R-wave height）of QRS complexes in the precordial leads each results from a loss of underlying viable muscle，with a consequent reduction in the normally generated positive voltage. When there is full-thickness（transmural）myocardial infarction in an area of myocardium underlying the precordial leads there is total loss of the positive deflection. In this situation a totally negative wave（QS complex）occurs. This totally negative wave occurs as a result of depolarization of the posterior wall of the ventricle travelling（posteriorly）from endocardium to epicardium in the normal way，which is no longer swamped by the usual simultaneous and dominant depolarization towards the exploring electrode of the anterior wall of the ventricle.
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Fig.5-10 Current-of-injury patterns with acute ischemia. With predominant subendocardial ischemia（A），the resultant ST vector is directed toward the inner layer of the affected ventricle and the ventricular cavity. Overlying leads therefore record ST depression. With ischemia involving the outer ventricular layer（B）（transmural or epicardial injury），the ST vector is directed outward. Overlying leads record ST elevation. Reciprocal ST depression can appear in contralateral leads.




S-T-segment changes of infarction：
 Only changes in the QRS complexes provide definitive electrocardiographic evidence of infarction，but an S-T-segment shift occurs in the acute stages of STEMI. Strictly speaking，this shift is evidence of injury to，rather than infarction of，the myocardium. Thus，although in the vast majority of cases the development of typical S-T-segment elevation is followed by the development of definitive QRS changes；occasionally the ECG with S-T-segment elevation of myocardial injury will revert to normal within hours. This does not happen if definitive QRS changes of infarction are also present. It is marginally more likely to occur following the use of thrombolytic therapy but is still relatively uncommon. The essential change of myocardial injury is deviation of the S-T segment above the isoelectric line. The S-T-segment shift must be in excess of 1 mm to be significant. Minor degrees of S-T-segment elevation in the right precordial leads are very common in normal ECGs，and S-T-segment elevation of up to 2 mm may be accepted as being within normal limits in V1
 and V2
 . Significant S-T-segment elevation occurs in transmural infarction in leads facing the infarct. S-T-segment depression occurs in leads facing the infarct when it is subendocardial. Secondary S-T-segment depression also occurs as a reciprocal change in leads opposite to those showing the primary changes of acute infarction.


T-wave changes of infarction：
 A variety of T-wave changes occur in association with myocardial infarction. These include flattened，biphasic，and inverted（negative）T waves. None of these changes is specific. Whilst they are always abnormal in leads V4
 to V6
 and in those limb leads showing clearly upright QRS complexes，they may be caused by factors other than infarction or ischemia，including electrolyte changes，digitalis effect，pericarditis，myocarditis，changes in body position，and changes in oesophageal temperature. T-wave changes are never，in themselves，reliable indicators of infarction，although characteristic T-wave changes do occur in relation to the latter. The most typical T-wave change associated with infarction is the development of deep，symmetrically inverted T waves.


The sequence of ECG changes in Q-wave infarction：
 Any combination of the QRS，S-T-segment，and T-wave changes described above may occur in relation to acute infarction of the myocardium，but commonly a typical sequence of changes can be recognized in relation to STEMI. Typically，S-T-segment elevation（which is convex upwards）appears within hours of the onset of symptoms. At this stage no change in the QRS complex can be recognized. Within 1 to 3 days，reduction in the R-wave height occurs，abnormally deep and broad q waves develop，some reduction in the extent of S-T-segment elevation occurs，and there is development of T-wave inversion. After the first few days the S-T-segment elevation disappears completely. The deep，symmetrical T-wave inversion typically persists for weeks before reverting to normal. The changes in the QRS complex are usually permanent. The QRS changes may occasionally disappear altogether if the infarct is small and the myocardial scar subsequently shrinks.
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Fig.5-11 ST depression in leads Ⅱ，Ⅲ，and aVf，V4
 ，V5
 ，V6
 .




Location of ECG changes in myocardial infarction：
 Primary ECG changes of the type described above occur in leads facing the infarct. It follows that the leads in which such primary changes occur indicate the location of the infarct.


Reciprocal changes：
 In addition to the primary changes，“reciprocal” changes occur in leads opposite those facing the infarct. Reciprocal changes are the inverse of primary changes（e.g.，S-T-segment depression instead of S-T-segment elevation and tall，pointed T waves instead of symmetrical T-wave inversion）. The inferior limb leads（Ⅱ，Ⅲ，and aVF）are reciprocal to the anterior leads（the precordial leads，lead Ⅰ，and aVL）and vice versa.
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Fig.5-12 ST elevation in leads Ⅱ，Ⅲ，aVF，V4
 ，V5
 ，V6
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Fig.5-13 Extensive anterior infarction.




The Exercise ECG



Current usage：
 Although the exercise ECG may be used for several purposes，its commonest uses are in the diagnosis and assessment of ischemic heart disease（IHD）. In this respect，however，it is extremely important at the outset to recognize that the test has a significant false-negative rate，even in populations with an appreciable prevalence of IHD，and that the false-negative rate may be unacceptably high in populations with a low prevalence. The test is therefore of very limited value in screening low-risk，asymptomatic subjects. Most subjects who have undergone exercise stress testing as a screening procedure and who subsequently experience sudden cardiac death are found in retrospect to have had a normal exercise test result. Exercise electrocardiography is also used in the estimation of prognosis in patients with known IHD，for risk stratification following myocardial infarction．


Contraindications：
 These include：unstable angina，suspected acute myocardial infarction，known acute myocardial infarction within 5 days；known left main-stem stenosis；acute myocarditis；acute pericarditis；severe aortic stenosis；severe congestive heart failure；recent acute pulmonary oedema；current acute systemic illness；absence of trained supervisory staff or of resuscitation equipment；


Procedures


1. Lead positioning：During exercise it is not possible to maintain adequate physical and electrical stability in relation to limb lead connections at their usual（for the standard 12-lead ECG）location. Instead，the “limb” lead electrodes are positioned on the torso：with the right and left arm connections situated at the most lateral aspects of the respective infraclavicular fossa，and the right and left leg electrodes positioned halfway between the respective anterior iliac crest and the rib margin. This Mason-Likar modification of the standard 12-lead ECG results in a rightward shift of the axis，which is more marked in the standing than in the recumbent position. This rightward shift（typically giving an axis of +90° to +120°）sometimes results in the appearance of new q waves in aVL（but it should be noted that，whenever the mean frontal plane QRS axis is +90° or more positive，aVL becomes a “cavity” lead and the finding of a q wave in a cavity lead is not abnormal）.

2. Exercise protocols：The commonest procedure by far is dynamic treadmill exercise. The most popular protocol is the Bruce protocol. This has a starting walking speed of 1.7 mph（1 km/h）at a 10 percent slope，giving an oxygen consumption of about four metabolic equivalents，which in general use has proved very satisfactory. One major advantage of the Bruce protocol is that large diagnostic and prognostic databases exist for this test.


Exercise endpoints：
 Exercise is continued until one of the following endpoints is reached：subject wishes to stop（chest pain，dyspnoea，fatigue，leg weakness，light headedness，exhaustion，claudication）；target endpoint is reached（target heart rate or exercise level）；operator terminates the procedure：early or severe（＞2 mm）S-T depression，S-T elevation，ventricular tachycardia，second- or third-degree heart block，fall in heart rate（20 beats/min or more），fall in blood pressure（20 mmHg or more），perceived patient distress，


Standard criteria for a positive test：
 By definition，a positive test occurs when 1 mm（0.1 mV）of horizontal or downsloping S-T depression occurs during exercise（usually at peak exercise）or in the early recovery period. Upsloping S-T depression is less reliably predictive of the presence of coronary disease than flat or downsloping S-T depression. Greater（than 1 mm）degrees of S-T depression are more reliably predictive of coronary disease，as are S-T depression occurring earlier in the exercise period，more prolonged S-T depression，and a more widespread（within the ECG recording leads）S-T change. Figure 30 shows an example of significant（2 mm）S-T depression in the left precordial leads.

5.2 Echocardiography

An echocardiogram is a sonography of the heart. Also known as a cardiac ultrasound，it uses standard ultrasound techniques to image two-dimensional slices of the heart. The latest ultrasound systems now employ 3D real-time imaging，using an ultrasound probe with an array of transducers and an appropriate processing system. This enables detailed anatomical assessment of cardiac pathology，particularly valvular defects，cardiomyopathies，and congenital abnormalities. In addition to creating two-dimensional pictures of the cardiovascular system，an echocardiogram can also produce accurate assessment of the velocity of blood and cardiac tissue at any arbitrary point using pulsed or continuous wave Doppler ultrasound. This allows assessment of cardiac valve areas and function，any abnormal communications between the left and right side of the heart，any leaking of blood through the valves（valvular regurgitation），and calculation of the cardiac output as well as the Ejection fraction.


Imaging
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Fig.5-14 An abnormal echocardiogram. Image shows a mid-muscular ventricular septal defect. The trace in the lower left shows the cardiac cycle and the red mark the time in the cardiac cycle that the image was captured. Colors are used to represent the velocity and direction of blood flow.



Imaging is usually performed with the patient lying on their left hip in the left lateral position，with their left arm behind their head. Ultrasound cannot travel through bone and thus cardiac imaging is performed in intercostal spaces to the left of the sternum and at the apex of the heart in the axillary line. These “echo windows” provide standard views described as the parasternal short and long axis and apical two，four，and five chamber. Useful additional views can be obtained from the subxiphoid and suprasternal approach in some patients.

A standard echo examination involves two-dimensional imaging from the parasternal approach followed by M-mode measurements and color Doppler. Apical two-dimensional views are followed by color and continuous and pulsed Doppler interrogation.


Applications of Echocardiography


Echocardiography is used to diagnose cardiovascular diseases. In fact，it is one of the most widely used diagnostic tests for heart disease. It can provide a wealth of helpful information，including the size and shape of the heart，its pumping capacity and the location and extent of any damage to its tissues. It is especially useful for assessing diseases of the heart valves. It not only allows doctors to evaluate the heart valves，but it can detect abnormalities in the pattern of blood flow，such as the backward flow of blood through partly closed heart valves，known as regurgitation. By assessing the motion of the heart wall，echocardiography can help detect the presence and assess the severity of coronary artery disease，as well as help determine whether any chest pain is related to heart disease. Echocardiography can also help detect hypertrophic cardiomyopathy，in which the walls of the heart thicken in an attempt to compensate for heart muscle weakness. The biggest advantage to echocardiography is that it is noninvasive（doesn’t involve breaking the skin or entering body cavities）and has no known risks or side effects.
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Fig.5-15 Two-dimensional transoesophageal echocardiogram of the left atrium demonstrating a large mobile thrombus in a patient with mitral stenosis.




Stress Echocardiography


Diagnosis of reversible ischemic myocardial dysfunction is now possible using echocardiography. Imaging can be performed either during or immediately after exercise，but more commonly an intravenous infusion of dobutamine is used to mimic the cardiac response to exercise. Development of reversible systolic regional wall motion abnormalities suggests coronary artery disease and stress echo is used increasingly as a diagnostic test in patients with chest pain. Stress echo also has an increasing role in risk stratification prior to general surgical procedures and in assessing myocardial viability prior to revascularization.











6 Coronary Heart Disease






6.1 Epidemiology of atherosclerotic cardiovascular disease

The three major clinical manifestations of atherosclerotic cardiovascular disease（CVD）include coronary heart disease（CHD），stroke，and peripheral arterial vascular disease（PVD）. Atherosclerosis can also be found in other arterial beds，especially the renal arteries，where it causes about two thirds of cases of renal artery stenosis.


Current Worldwide Variations in the Global Burden of Cardiovascular Disease


Over the past two centuries，the Industrial and Technological Revolutions and their associated economic and social transformations have resulted in dramatic shifts in the diseases responsible for illness and death. Cardiovascular disease（CVD）has emerged as the dominant chronic disease in many parts of the world，an epidemiological transition is occurring throughout the world. Worldwide CVD rates have risen steadily throughout the 1900s. At the close of the 20th century，28 percent of all deaths worldwide were due to CVD. With the ongoing global transition，dominated by the transition in the developing world，CVD is predicted to be the number one cause of death by 2020，accounting for 36 percent of all deaths.

The People’s Republic of China accounts for one fifth of the world’s population；69 percent of its inhabitants live outside urban centers. Since 1940s，life expectancy in China has doubled from 35 years to 70 years. Over the same period，the rate of mortality from CVD increased three fold as a percentage of total deaths，from 12 to 36 percent. As in Japan，stroke is by far the leading cause of cardiovascular death. Hemorrhagic stroke predominates over ischemic stroke，and stroke rates are higher among women than men. These lower rates of CHD and high rates of stroke may be due to genetic factors；however，it has also been hypothesized that overall low serum cholesterol levels may contribute to high rates of hemorrhagic stroke. There appears to be a north/south gradient，with higher CVD rates in northern China than in southern.


Risk Factors


Ecological analyses of major CVD risk factors and mortality demonstrate high correlations between expected and observed mortality rates for the three main risk factors—smoking，serum cholesterol，and hypertension—and suggest that many of the regional variations are based on differences in conventional risk factors.


Tobacco：
 Smoking represents an important and rapidly growing avoidable global cause of CVD and total death. Worldwide，more than 1.3 billion people smoke cigarettes or other tobacco products. Tobacco currently causes an estimated 4.9 million deaths annually（8.8 percent of all deaths）. This represents 1 million more tobacco-related deaths than in 1990，with the increase being most marked in developing countries. If current smoking patterns continue，by 2020 the global burden of disease attributable to tobacco will reach 9 million deaths annually，with 7 million of these in developing countries.

In China，National Prevalence Survey determined that 63 percent of men（but only 3.8 percent of women）were current smokers. A massive retrospective study of 1 million deaths estimated that tobacco was responsible for 13 percent（600，000 deaths）of total mortality in China in 1990 and will account for 3 million deaths a year by 2025.


Physical inactivity：
 One byproduct of the increased mechanization that accompanies the economic transition is decreased physical activity. Widespread prevalence of physical inactivity produces a high population attributable risk of cardiovascular consequences. In the United States，approximately 25 percent of the population does not participate in any leisure-time physical activity and only 22 percent report engaging in sustained physical activity for at least 30 minutes on 5 or more days a week（the current recommendation）.The shift from physically demanding，agriculture-based work to largely sedentary industry- and office-based work is occurring throughout the developing world. This is also accompanied by a switch from physically demanding transportation to mechanized transportation.


Obesity：
 Obesity is clearly associated with increased risk of CHD. However，much of this risk may be mediated by other CVD risk factors，including hypertension，diabetes mellitus，and lipid profile imbalances. Obesity accounts for approximately 58 percent of diabetes cases，21 percent of ischemic heart disease cases，8 to 42 percent of certain cancers，and more than 10 percent of deaths. In the mid-1980s，the World Health Organization’s MONICA Project sampled 48 populations for cardiovascular risk factors. In all but one male population（China），and in most of the female populations，between 50 percent and 75 percent of adults aged 35 to 64 years were overweight or obese.


Diet：
 With regard to cardiovascular disease，a key element of dietary change is an increase in intake of saturated animal fats and hydrogenated vegetable fats，which contain therogenictrans fatty acids，along with a decrease in intake of plant-based foods. Fat contributes less than 20 percent of calories in rural China，less than 30 percent in Japan，and well above 30 percent in the United States. Fat intake varies greatly and tends to increase with industrialization and urbanization. For example，although dietary fat accounts for less than 20 percent of total calories in rural China，in urban areas it contributes more than 30 percent of calories.


Lipid levels：
 The causal association between plasma cholesterol levels and risk of CVD is indisputable. Low levels of high-density lipoproteins and elevated triglycerides are also clearly associated with excess risk of CVD，and this association holds across racial and ethnic divisions. The lipid profile appears to have a greater impact on CHD than on stroke. Worldwide，high cholesterol levels are estimated to cause 56 percent of global ischemic heart disease and 18 percent of strokes，amounting to 4.4 millions deaths annually. As countries move through the epidemiological transition，mean population plasma cholesterol levels tend to rise. Social and individual changes that accompany urbanization clearly play a role，because plasma cholesterol levels tend is higher among urban residents than among rural residents. This shift is largely driven by greater consumption of dietary fats—primarily from animal products and processed vegetable oils—and decreased physical activity.


Hypertension：
 Hypertension is clearly a risk factor for CHD and stroke. Elevated blood pressure is an early hall mark of the epidemiological transition. Rising mean population blood pressure is apparent as countries industrialize；emigration from less developed to more developed countries，as well as emigration from rural to urban settings，results in increasing blood pressure levels among emigrants. Worldwide，approximately 62 percent of strokes and 49 percent of cases of ischemic heart disease are attributable to suboptimal（＜115 mmHg systolic）blood pressure，and it is thought to account for more than 7 millions deaths annually. Hypertension remains a major cause of CVD morbidity and mortality despite high rates of detection and treatment.

In eastern Asian countries such as China，hypertension is rapidly increasing，with higher rates in urban areas than rural areas. The high rates of hypertension，especially undiagnosed hypertension，throughout Asia likely contribute to the high prevalence of hemorrhagic stroke.


Diabetes mellitus：
 Diabetes and impaired glucose tolerance represent strong risk factors for vascular disease，including CHD，cerebrovascular disorders，and peripheral vascular disease. As a consequence of，or in addition to，increasing body mass index and decreasing levels of physical activity，worldwide rates of diabetes—predominantly type 2 diabetes，or noninsulin-dependent diabetes mellitus—are on the rise. According to World Health Organization models，the number of persons with diabetes will swell from 135 million people in 1995 to 300 million in 2025，a 35 percent increase in worldwide prevalence（from 4.0 to 5.4 percent）. The largest increases in prevalence of diabetes will be in China（up 68 percent between 1995 and 2025）. Diabetes mellitus is associated with a number of other CVD risk factors，including high triglyceride levels，low high density lipoprotein levels，central obesity，and hypertension. In relative terms，the attributable risk of diabetes is higher in women than in men.

6.2 Coronary atherosclerosis

Epicardial coronary arteries are a major site of atherosclerotic disease. The major risk factors for atherosclerosis are thought to disturb the normal functions of the vascular endothelium. These functions include local control of vascular tone，maintenance of an anticoagulant surface，and defense against inflammatory cells. The loss of these defenses leads to inappropriate constriction，luminal clot formation，and abnormal interactions with blood monocytes and platelets. The latter leads to subintimal collections of fat，cells，and debris（i.e.，atherosclerotic plaques），which develop at irregular rates in different segments of the epicardial coronary tree and lead eventually to segmental reductions in cross-sectional area（stenosis）. The relationship between pulsatile flow and luminal stenosis is complex，but experiments have shown that when a stenosis reduces the cross-sectional area by approximately 75%，a full range of increases in flow to meet increased myocardial demand is not possible. When the luminal area is reduced by more than approximately 80%，blood flow at rest may be reduced，and further minor decreases in the stenotic orifice can reduce coronary flow dramatically and cause myocardial ischemia.

Segmental atherosclerotic narrowing of epicardial coronary arteries is caused most commonly by the formation of a plaque，which is subject to fissuring，hemorrhage，and thrombosis. Any of these events can temporarily worsen the obstruction，reduce coronary blood flow，and cause clinical manifestations of myocardial ischemia，as described below. The location of the obstruction will influence the quantity of myocardium rendered ischemic and thus determine the severity of the clinical manifestations. Severe coronary narrowing and myocardial ischemia are frequently accompanied by the development of collateral vessels，especially when the narrowing develops gradually. When well developed，such vessels can，by themselves，provide sufficient blood flow to sustain the viability of the myocardium at rest but not during conditions of increased demand.
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Fig.6-1 Atherosclerotic plaques lead to stenosis.



Once stenosis of a proximal epicardial artery has reduced the cross-sectional area by more than approximately 70%，the distal resistance vessels（when they function normally）dilate to reduce vascular resistance and maintain coronary blood flow. A pressure gradient develops across the proximal stenosis，and poststenotic pressure falls. When the resistance vessels are maximally dilated，myocardial blood flow becomes dependent on the pressure in the coronary artery distal to the obstruction. In these circumstances ischemia in the region perfused by the stenotic artery can be precipitated by increases in myocardial oxygen demands caused by physical activity，emotional stress，and/or tachycardia. Changes in the caliber of the stenosed coronary artery due to physiologic vasomotion，loss of endothelial control of dilation，pathologic spasm，or small platelet plugs can all upset the critical balance between oxygen supply and demand and thus precipitate myocardial ischemia.


Effects of Ischemia


The inadequate perfusion induced by coronary atherosclerosis may cause transient disturbances of the mechanical，biochemical，and electrical functions of the myocardium. The abrupt development of severe ischemia，as occurs with total or subtotal occlusion，is associated with almost instantaneous failure of normal muscle contraction and relaxation. The relatively poor perfusion of the subendocardium causes more intense ischemia of this portion of the wall. Ischemia of large portions of the ventricle will cause transient left ventricular failure，and if the papillary muscles are involved，mitral regurgitation can complicate this event. When ischemia is transient，it may be associated with angina pectoris；when it is prolonged，it can lead to myocardial necrosis and scarring with or without the clinical picture of acute myocardial infarction. Coronary atherosclerosis is a focal process that usually causes nonuniform ischemia. Regional disturbances of ventricular contractility cause segmental akinesis or，in severe cases，bulging（dyskinesia），which can greatly reduce myocardial pump function.

Underlying these mechanical disturbances is a wide range of abnormalities in cell metabolism，function，and structure. When oxygenated，the normal myocardium metabolizes fatty acids and glucose to carbon dioxide and water. With severe oxygen deprivation，fatty acids cannot be oxidized，and glucose is broken down to lactate；intracellular pH is reduced，as are the myocardial stores of high-energy phosphates，ATP，and creatine phosphate. Impaired cell membrane function leads to potassium leakage and the uptake of sodium by myocytes. The severity and duration of the imbalance between myocardial oxygen supply and demand will determine whether the damage is reversible（0 to 20 min for total occlusion）or whether it is permanent，with subsequent myocardial necrosis（＞20 min）.

Ischemia also causes characteristic changes in the electrocardiogram（ECG）such as repolarization abnormalities，as evidenced by inversion of the T wave and，when more severe，by displacement of the ST-segment. Transient ST-segment depression often reflects subendocardial ischemia，while transient ST-segment elevation is thought to be caused by more severe transmural ischemia. Another important consequence of myocardial ischemia is electrical instability，which may lead to ventricular tachycardia or ventricular fibrillation. Most patients who die suddenly from IHD do so as a result of ischemia-induced malignant ventricular tachyarrhythmias.

6.3 Stable angina pectoris（SAP）


Symptoms


This episodic clinical syndrome is due to transient myocardial ischemia. The typical patient with angina is a 50- to 60-year-old man or 65- to 75-year-old woman who seeks medical help for chest discomfort，usually described as heaviness，pressure，and squeezing，smothering，or choking and only rarely as frank pain. When the patient is asked to localize the sensation，he or she will typically press on the sternum，sometimes with a clenched fist，to indicate a squeezing，central，substernal discomfort. This symptom usually lasts 1 to 5 min. Angina can radiate to the left shoulder and to both arms and especially to the ulnar surfaces of the forearm and hand. It can also arise in or radiate to the back，neck，jaw，teeth，and epigastrium.

Although episodes of angina are typically caused by exertion（e.g.，exercise，hurrying，or sexual activity）or emotion（e.g.，stress，anger，fright，or frustration）and are relieved by rest，they may also occur at rest and at night while the patient is recumbent（angina decubitus）. The patient may be awakened at night distressed by typical chest discomfort and dyspnea. Nocturnal angina may be due to episodic tachycardia or activities such as micturition. It can also be due to the expansion of the intrathoracic blood volume that occurs with recumbency，which causes an increase in cardiac size and myocardial oxygen demand that lead to ischemia and transient left ventricular failure.

The threshold for the development of angina pectoris varies from person to person and may vary by time of day and emotional state. Many patients report a fixed threshold for angina，which occurs predictably at a certain level of activity. In these patients coronary stenosis and myocardial oxygen supply are fixed and ischemia is precipitated by an increase in myocardial oxygen demand. In other patients the threshold for angina may vary considerably within any given day and from day to day. In such patients variations in oxygen supply，most likely due to changes in coronary vascular tone，may play an important role. A patient may report symptoms upon minor exertion in the morning（a short walk or shaving）yet by midday may be capable of much greater effort without symptoms. Angina may also be precipitated by unfamiliar tasks，a heavy meal，or exposure to cold.

Sharp，fleeting chest pain or prolonged，dull aches localized to the left submammary area are rarely due to myocardial ischemia. However，angina pectoris may be atypical in location and may not be strictly related to provoking factors. In addition，this symptom may exacerbate and remit over days，weeks，or months. Its occurrence can be seasonal，being more frequent in the winter in temperate climates. Anginal “equivalents” are symptoms of myocardial ischemia other than angina. These include dyspnea，fatigue，and faintness and are more common in the elderly.


Physical Examination


The physical examination is often normal in the patient with stable angina. Rarely，the general examination reveals signs of risk factors associated with coronary atherosclerosis. Palpation can reveal thickened or absent peripheral arteries，signs of cardiac enlargement，and abnormal contraction of the cardiac impulse. Examination of the fundi may reveal increased light reflexes and arteriovenous nicking as evidence of hypertension，while auscultation can uncover arterial bruits，a third and/or fourth heart sound，and，if acute ischemia or previous infarction has impaired papillary muscle function，an apical systolic murmur due to mitral regurgitation.


Electrocardiogram



A
 12-lead ECG recorded at rest is normal in about half the patients with typical angina pectoris. Although repolarization abnormalities，i.e.，T-wave and ST-segment changes and intraventricular conduction disturbances at rest，are suggestive of angina pectoris，they are nonspecific，since they can also occur in pericardial，myocardial，and valvular heart disease or transiently with anxiety，changes in posture，drugs，or esophageal disease. Typical ST-segment and T-wave changes that accompany episodes of angina pectoris and disappear thereafter are more specific. The most characteristic changes include displacement of the ST segment that is similar in every way to that induced during a stress test. The ST-segment is usually depressed during angina but may be elevated—sometimes strikingly so—in Prinzmetal’s angina.


ECG stress testing：
 In the majority of patients the exercise ECG is the initial test of choice to diagnose coronary disease and risk stratify. Diagnosis of CAD ST-segment depression during exercise is used to define a positive test. The reported sensitivity and specificity of the test for the detection of significant coronary disease are 68% and 77% respectively. Exercise ECG testing is not of diagnostic value in presence of LBBB，paced rhythm and Wolff Parkinson White syndrome（WPW）.Additionally，results are less reliable in patients with an abnormal resting ECG in the presence of left ventricular hypertrophy，electrolyte imbalance，intraventricular conduction abnormalities and during use of digitalis.

For patients with an abnormal resting ECG，an alternative functional test should be employed for diagnostic and prognostic assessment. Exercise ECG testing is also less sensitive and specific in women.


Echocardiography


Echocardiography can assess both global and regional wall motion abnormalities due to myocardial infarction or persistent ischemia. Stress（exercise or dobutamine）echocardiography may cause the emergence of regions of akinesis or dyskinesis not present at rest. Exercise testing with echocardiography is more sensitive and specific than exercise testing for the detection of coronary disease. Technological advances include the use of contrast agents to enhance endocardial border definition，the use of injectable agents to image myocardial perfusion and advances in detection of ischemia with tissue Doppler and strain rate imaging. Stress echocardiography may also be used effectively to risk stratify patients. The risk of future events is influenced by the following：number of resting regional wall motion abnormalities. Number of inducible wall motion abnormalities on stress echocardiography.


Diagnosis


The various classifications of angina have been inspired by considerations of etiology，assessment of severity and/or prognosis，and treatment. The cardinal manifestation of stable angina is chest pain triggered by exercise and promptly relieved by rest. The pain usually builds up rapidly within 30 seconds and disappears in decrescendo within 5 to 15 minutes，and more promptly when nitroglycerin is used. Chest pain is variably described but is typically a tightness，squeezing，or constriction；however，some patients describe an ache，a feeling of dull discomfort，indigestion，or burning pain. The discomfort is most commonly midsternal and radiates to the neck，left shoulder，and left arm. It can also be precordial or radiate to the jaw，teeth，right arm，back，and，more rarely，to the epigastrium. Episodes of discomfort that are less than 1 minute or more than 30 minutes in duration are unlikely to be stable angina.


Differential Diagnosis



Myocarditis：
 Myocarditis commonly causes chest pain，reflecting associated myocardial ischemia or pericarditis.


Pericarditis：
 The site of the pain is similar to that of angina but it is sharper，commonly exacerbated by inspiration. It may be relieved by sitting up and leaning forward and exacerbated by swallowing，twisting，or sternal pressure.


Aortic dissection：
 Aortic dissection can cause extremely severe pain，which is generally abrupt in onset，prolonged，and commonly felt in the back as well as in the chest.


Mitral stenosis：
 Angina can occur in mitral stenosis，either because of incidental or embolic coronary artery disease or，it has been suggested，from right ventricular ischemia attributable to excessive systolic load with severe pulmonary hypertension.


Pulmonary embolism：
 Angina-like pain or chest discomfort（as well as pleuritic pain）can occur with major pulmonary embolism and may similarly reflect right ventricular overload and ischemia.


Mitral valve prolapse：
 Mitral valve prolapse may cause atypical chest pain. Traction on elongated chordae or kinking of the circumflex coronary artery has been implicated as a cause，but evidence is unconvincing.


Esophageal pain：
 Esophageal pain other than heartburn due to acid regurgitation may be angina-like due to esophageal dysmotility（spasm）. The site，character，and radiation of this pain may be indistinguishable from those of cardiac pain，reflecting common root innervation.


Treatment


Adaptation of activity therapy of angina due to episodes of myocardial ischemia consists of eliminating the discrepancy between the demand of the heart muscle for oxygen and the ability of the coronary circulation to meet this demand. Most patients can be made to understand this fundamental concept and utilize it in the rational programming of activity. Many tasks that ordinarily evoke angina may be accomplished without symptoms simply by reducing the speed at which they are performed. Patients must appreciate the diurnal variation in their tolerance of certain activities and should reduce their energy requirements in the morning and immediately after meals. Sometimes it is helpful to alter the eating pattern，taking small and more frequent meals.

It may be necessary to recommend a change in employment or residence to avoid physical stress；however，with the exception of manual laborers，most patients can continue to function merely by allowing more time to complete each task. In some patients，anger and frustration may be the most important factors precipitating myocardial ischemia. If these cannot be avoided，training in stress management may be useful.


Treatment of risk factors：
 Although the treatment of risk factors was developed for the primary prevention of coronary atherosclerosis，there is growing evidence that it can reduce the occurrence of angina，myocardial infarction，and death.

Smoking cessation studies have demonstrated important benefits with a significant decline in the occurrence of these adverse outcomes. The physician’s message must be clear and strong and supported by programs that achieve and monitor abstinence. Hypertension is associated with increased risk of adverse clinical events from coronary atherosclerosis as well as stroke. In addition，the left ventricular hypertrophy that results from sustained hypertension aggravates ischemia. There is evidence that long-term，effective treatment of hypertension can decrease the occurrence of adverse coronary events. Diabetes mellitus accelerates coronary and peripheral atherosclerosis and is frequently associated with dyslipidemias and increases in the risk of angina，myocardial infarction，and sudden coronary death. Strict control of the dyslipidemia that is frequently found in diabetic patients is essential，as described below. The adverse interactions between the atherogenic lipids（LDL，triglycerides，and lipid remnants）play a critical role in the development of atherosclerosis and the ischemic syndromes. The treatment of dyslipidemia is central when aiming for long-term relief from angina，reduced need for revascularization，and reduction in myocardial infarction and death.


Drug Therapy


1. Antithrombotic drugs：Antiplatelet therapy to prevent coronary thrombosis is indicated，due to a favourable ratio between benefit and risk in patients with stable coronary artery disease. Low-dose aspirin（75—150 mg）is the drug of choice in most cases. The thienopyrdine clopidogrel may be considered as an alternative in patients who are aspirin allergic，or in addition to aspirin post-stenting or after an acute coronary syndrome. For patients with a history of gastro-intestinal bleeding，aspirin in combination with a proton pump inhibitor may be used rather than clopidogrel. Anticoagulant drugs（warfarin or thrombin inhibitors），which are combined with aspirin in certain high risk patients，such as post myocardial infarction，are not indicated in the general stable angina population without a separate indication such as atrial fibrillation for example.

2. Lipid-lowering drugs：Statin treatment reduces the risk of atherosclerotic cardiovascular complications by some 30% in stable angina patients. Subgroup analyses indicate beneficial effects also in diabetic patients with vascular disease and benefits of statin therapy have also been demonstrated in the elderly（＞ 70 years）. Similar relative benefits of long-term statin therapy have been observed in patients with different pre-treatment levels of serum cholesterol，even in the “normal” range. Thus，recommendations to treat with statins may be guided as much by the level of cardiovascular risk as by the cholesterol level（within the normal to moderately elevated range）.Statin therapy should always be considered for patients with stable coronary artery disease and stable angina. Therapy should aim at statin dosages documented to reduce morbidity/mortality in clinical trials. The daily statin dosages with solid documentation of mortality benefit are simvastatin 40 mg，pravastatin 40 mg and atorvastatin 10 mg. If this dose is not sufficient to achieve the target total cholesterol and LDL levels mentioned above the dose of statin therapy may be increased as tolerated to achieve the targets. Recently high-dose atorvastatin treatment（80 mg daily）has been shown to reduce the risk of cardiovascular events compared to 10 mg，but high-dose atorvastatin therapy should be reserved for high risk patients. Other lipid lowering drugs，e.g. fibrates，prolonged release nicotinic acid and their combinations with statins and other hypolipidaemics may be needed to control the lipid levels in patients with severe dyslipidaemia，particularly those with low levels of HDL-cholesterol and high triglycerides. Adjunctive therapy to statin therapy may be considered on an individualised basis in patients who have severe dyslipidaemia and remain at high risk（estimated cardiovascular mortality ＞ 2% per annum）after conventional measures.

3. ACE-inhibitors：ACE-inhibitors are indicated for the treatment of patients with stable angina pectoris and co-existing hypertension，diabetes，heart failure，asymptomatic LV dysfunction and post-MI.In angina patients without coexisting indications for ACE-inhibitor treatment the anticipated benefit of treatment（possible absolute risk reduction）should be weighed against costs and risks for side-effects，and the dose and agent used of proven efficacy for this indication in randomized clinical trials.

4. Nitrates：This valuable class of drugs in the management of angina pectoris acts by causing systemic venodilation，thereby reducing myocardial wall tension and oxygen requirements，as well as by dilating the epicardial coronary vessels and increasing blood flow in collateral vessels. The absorption of these agents is most rapid and complete through the mucous membranes. For this reason，nitroglycerin is administered sublingually in tablets of 0.4 or 0.6 mg. Patients with angina should be instructed to take the medication both to relieve angina and also in anticipation of stress（exercise or emotional）that is likely to induce an episode. The value of this prophylactic use of the drug cannot be overemphasized.

Headache and a pulsating feeling in the head are the most common side effects of nitroglycerin and fortunately only rarely become disturbing at the doses usually required to relieve or prevent angina.

None of the long-acting nitrates is as effective as sublingual nitroglycerin for the acute relief of angina. These preparations can be swallowed，chewed，or administered as a patch or paste by the transdermal route. They can provide effective plasma levels for up to 24 h，but the therapeutic response is highly variable.

Beta blockers：There is evidence of prognostic benefit from the use of beta-blockade in patients with angina who have suffered prior MI or have heart failure，and extrapolated from these data beta-blockers are suggested as a first line anti-anginal therapy in patients without contraindications. These drugs represent an important component of the pharmacologic treatment of angina pectoris. They reduce myocardial oxygen demand by inhibiting the increases in heart rate and myocardial contractility caused by adrenergic activation. Beta blockade reduces these variables most strikingly during exercise while causing only small reductions in heart rate，cardiac output，and arterial pressure at rest. Long-acting beta-blocking drugs offer the advantage of once-a-day dosage. The therapeutic aims include relief of angina and ischemia. These drugs can also reduce mortality and reinfarction when given to patients after myocardial infarction. Relative contraindications to the use of beta blockers include asthma and reversible airway obstruction in patients with chronic lung disease，atrioventricular conduction disturbances，severe bradycardia，Raynaud’s phenomenon，and a history of depression. Side effects include fatigue，impotence，cold extremities，intermittent claudication，bradycardia（sometimes severe），impaired atrioventricular conduction，left ventricular failure，bronchial asthma，and intensification of the hypoglycemia produced by oral hypoglycemic agents and insulin. Reducing the dose or even discontinuation of the drug may be necessary if these side effects develop and persist.

Calcium antagonists：Slow-release nifedipine（30 to 90 mg once daily），verapamil（80 to 120 mg tid），diltiazem（30 to 90 mg qid），amlodipine（2.5 to 10 mg daily），and other calcium antagonists are coronary vasodilators that produce variable and dose-dependent reductions in myocardial oxygen demand，contractility，and arterial pressure. These combined pharmacologic effects are advantageous and make these agents effective in the treatment of angina pectoris. They are indicated when beta blockers are contraindicated，poorly tolerated，or ineffective. Verapamil and diltiazem may produce symptomatic disturbances in cardiac conduction and bradyarrhythmias，exert negative inotropic actions，and are more likely to worsen left ventricular failure，particularly when used in patients with left ventricular dysfunction. Although useful effects are usually achieved when calcium antagonists are combined with beta blockers and nitrates，careful individual titration of dose is essential with these potent combinations. Variant（Prinzmetal’s）angina responds particularly well to calcium antagonists，supplemented when necessary by nitrates. Verapamil should not ordinarily be combined with beta blockers because of the combined effects on heart rate and contractility. Diltiazem can be combined with beta blockers with caution and only in patients with normal ventricular function and no conduction disturbances.

6.4 Acute coronary syndromes（ACS）

Acute coronary syndromes（ACS）share a common pathophysiological substrate. The leading symptom that initiates the diagnosis and therapeutic decision making process is chest pain，but the classification of patients is based on the electrocardiogram（ECG）.ACS represent a life-threatening manifestation of atherosclerosis usually precipitated by acute thrombosis，induced by a ruptured or eroded atherosclerotic plaque，with or without concomitant vasoconstriction，causing a sudden and critical reduction in blood flow. Two categories of patients may be encountered：Patients with typical acute chest pain and persistent（＞20 minutes）ST-segment elevation：This is termed ST-elevation ACS（STE-ACS）and generally reflects an acute total coronary occlusion. Most of these patients will ultimately develop an ST-elevation MI（STEMI）. The therapeutic objective is to achieve rapid，complete，and sustained reperfusion by primary angioplasty or fibrinolytic therapy. Patients with acute chest pain but without persistent ST-segment elevation. They have rather persistent or transient ST-segment depression or T-wave inversion，flat T-waves，pseudo-normalization of T-waves，or no ECG changes at presentation. The initial working diagnosis of non-ST-elevation acute coronary syndrome（NSTE-ACS），based on the measurement of troponins，will subsequently be further qualified as non-ST-elevation MI（NSTEMI）or unstable angina.


Non-ST-segment Elevation Acute Coronary Syndromes（NSTE-ACS）


History data from registries consistently show that NSTE-ACS have become more frequent than ST-elevation ACS.Hospital mortality is higher in patients with STEMI than among those with NSTE-ACS（7% vs. 5% respectively），but at 6 months，the mortality rates are very similar in both conditions（12% vs. 13% respectively）. Long-term follow-up showed that death rates were higher among those with NSTE-ACS than STEMI，with a two fold difference at four years. This difference in mid- and long-term evolution may be due to different patient profiles，since NSTE-ACS patients tend to be older，with more co-morbidity，especially diabetes and renal failure. The difference could also be due to the greater extent of coronary artery and vascular disease，or persistent triggering factors such as inflammation. In contrast to STEMI，where most events occur before or shortly after presentation，in NSTE-ACS these events continue over days and weeks. Mortality of STEMI and NSTE-ACS after 6 months is comparable. This implies that treatment strategies for NSTE-ACS need to address the requirements of the acute phase as well as longer-term treatment


Pathophysiology：
 ACS represent a life-threatening manifestation of atherosclerosis usually precipitated by acute thrombosis，induced by a ruptured or eroded atherosclerotic plaque，with or without concomitant vasoconstriction，causing a sudden and critical reduction in blood flow. In the complex process of plaque disruption，inflammation was revealed as a key pathophysiologic element. In rare cases，ACS may have a non-atherosclerotic aetiology such as arteritis，trauma，dissection，thrombo-embolism，congenital anomalies，cocaine abuse，and complications of cardiac catheterization. Some key pathophysiologic elements are important to understand the therapeutic strategies，particularly the notions of vulnerable plaque，coronary thrombosis，vulnerable patient，endothelial vasodilatory dysfunction，accelerated atherothrombosis，secondary mechanisms of non-ST-elevation ACS and myocardial injury.


Symptoms：
 Retro-sternal pressure or heaviness（“angina”）radiating to the left arm，neck or jaw is the most common symptom. This may be accompanied by other symptoms such as diaphoresis，nausea，abdominal pain，dyspnoea，and syncope. Atypical presentations are not uncommon. These include epigastric pain，recent onset indigestion，stabbing chest pain，chest pain with some pleuritic features，or increasing dyspnea.Atypical complaints are often observed in younger（25—40 years）and older（＞75 years）patients，in women，and in patients with diabetes，chronic renal failure or dementia.

The clinical presentation of NSTE-ACS encompasses a wide variety of symptoms. Traditionally，several clinical presentations have been distinguished：Prolonged（＞20 minutes）anginal pain at rest，new onset severe angina Class Ⅲ of the Classification of the Canadian Cardiovascular Society（CCS），recent destabilization of previously stable angina with at least CCS Ⅲ angina characteristics，or post MI angina. It is important to note that a reliable distinction between ACS with or without ST-elevation cannot be based on symptoms.


Physical examination：
 Frequently normal. Signs of heart failure or haemodynamic instability must prompt the physician to expedite the diagnosis and treatment of patients. An important goal of the physical examination is to exclude non-cardiac causes.


Electrocardiogram：
 ST-segment shifts and T-wave changes are the ECG indicators of unstable coronary artery disease. The number of leads showing ST depression and the magnitude of ST-depression are indicative of extent and severity of ischemia and correlate with prognosis.ST-segment depression ≥0.5 mm（0.05 mV）in two or more contiguous leads，in the appropriate clinical context，is suggestive of NSTE-ACS and linked to prognosis. Minor（0.5 mm）ST-depression may be difficult to measure in clinical practice. More relevant is ST-segment depression ≥1 mm（0.1 mV），which is associated with an 11% rate of death and MI at 1 year. ST-depression of ≥2 mm carries about a 6 fold increased mortality risk. ST-depression combined with transient ST-elevation also identifies a high risk subgroup. Deep symmetrical inversion of the T-waves in the anterior chest leads is often related to a significant stenosis of the proximal left anterior descending coronary artery or main stem. A normal ECG does not exclude the possibility of NSTE-ACS.


Echocardiography：
 Routine use is recommended to detect wall motion abnormalities and to rule out differential diagnoses.


NSTE-ACS Treatment


The management of NSTE-ACS includes five therapeutic tools：Anti-ischemic agents；Anticoagulants；Antiplatelet agents；Coronary revascularization；Long-term management；Rehabilitation and return to physical activity.


Anti-ischemic agents：
 These drugs decrease myocardial oxygen consumption（decreasing heart rate，lowering blood pressure or depressing LV contractility）and/or induce vasodilatation.


Beta-blockers：
 Intravenous or oral nitrates are effective for symptom relief in the acute management of anginal episodes，Particularly in patients with hypertension or tachycardia.


Calcium channel blockers：
 Calcium channel blockers provide symptom relief in patients already receiving nitrates and beta-blockers；they are useful in patients with contra-indications to beta-blockade，and in the subgroup of patients with vasospastic angina.


Anticoagulants：
 Most anticoagulants have been shown to be capable of reducing the risk of death and/or MI at the cost of bleeding complications. Anticoagulation should be selected according to the risk of ischaemic and bleeding events. Several anticoagulants are available，namely UFH，LMWH，fondaparinux，bivalirudin. The choice depends on the initial strategy urgent invasive，early invasive or conservative strategies. In an urgent invasive strategy UFH or enoxaparin or bivalirudin should be immediately started. In non-urgent situations，when the decision whether to follow early invasive or conservative strategy is pending：Fondaparinux is recommended on the basis of the most favorable efficacy/safety profile. Enoxaparin with a less favorable efficacy/safety profile than fondaparinux should be used only if the bleeding risk is low. At PCI procedures the initial anti-coagulant should be maintained also during the procedure regardless whether this treatment is UFH，enoxaparin or bivalirudin，while addititional UFH in standard dose（50—100 IU/kg bolus）is necessary in case of fondaparinux. Anticoagulation can be stopped within 24 hours of the invasive procedure. In a conservative strategy，fondaparinux，enoxaparin or other LMWH may be maintained up to hospital discharge.


Antiplatelet drugs：
 Aspirin is recommended for all patients presenting with NSTE-ACS without contra-indication at an initial loading dose of 160—325 mg，and at a maintenance dose of 75 to 100 mg long-term. For all patients，immediate 300 mg loading dose of clopidogrel is recommended，followed by 75 mg clopidogrel daily.Clopidogrel should be maintained for 12 months unless there is an excessive risk of bleeding. For all patients with contra-indication to aspirin，clopidogrel should be given instead. In patients considered for an invasive procedure/PCI，a loading dose of 600 mg of clopidogrel may be used to achieve more rapid inhibition of platelet function. In patients pre-treated with clopidogrel who need to undergo CABG，surgery should be postponed for 5 days for clopidogrel withdrawal if clinically feasible.

In patients at intermediate to high risk，particularly patients with elevated troponins，ST-depression，or diabetes，either eptifibatide or tirofiban for initial early treatment are recommended in addition to oral antiplatelet agents.

The choice of combination of antiplatelet agents and anticoagulants should be made in relation to risk of ischemic and bleeding events. Patients，who received initial treatment with eptifibatide or tirofiban prior to angiography，should be maintained on the same drug during and after PCI. In high risk patients not pretreated with GP Ⅱb/Ⅲa inhibitors and proceeding to PCI，abciximab is recommended immediately following angiography.

GP Ⅱb/Ⅲa inhibitors must be combined with an anticoagulant.Bivalirudin may be used as an alternative to GP Ⅱb/Ⅲa inhibitors plus UFH/LMWH.When the anatomy is known and PCI is planned to be performed within 24 hours and using GP Ⅱb/Ⅲa inhibitors，most secure evidence is for abciximab.

Abciximab 0.25 mg/kg intravenous bolus followed by infusion of 0.125 mg/（kg•min）（maximum 10 mg/min）for 12 to 24 h；Eptifibatide 180 mg/kg intravenous bolus（second bolus after 10 min for PCI）followed by infusion of 2.0 mg/（kg•min）for 72 to 96 h；Tirofiban 0.4 mg/（kg•min）intravenously for 30 minutes followed by infusion of 0.10 mg/（kg•min）for 48 to 96 h.


Coronary revascularization：
 Revascularization for NSTE-ACS is performed to relieve angina and ongoing myocardial ischemia，and to prevent progression to MI or death. The indications for myocardial revascularization and the preferred approach（PCI or CABG）depend on the extent and severity of the lesions as identified by coronary angiography，the patient’s condition and co-morbidity Urgent coronary angiography is recommended in patients with refractory or recurrent angina associated with dynamic ST deviation，heart failure，life threatening arrhythmias or haemodynamic instability. Early（＜72 hours）coronary angiography followed by revascularization（PCI or CABG）in patients with intermediate to high-risk features is recommended.


Long-term management：
 Long term management implies lifestyle measures and drug treatment in order to keep under control every risk factor impacting on long-term outcome after ACS.

Statins are recommended for all NSTE-ACS patients（in the absence of contra-indications），irrespective of cholesterol levels，initiated early（within 1—4 days）after admission，in the aim of achieving LDLc levels ＜100 mg/dL（＜2.6 mmol/L）.Intensive lipid-lowering therapy with target LDLc levels ＜70 mg/dL（＜1.81 mmol/L）initiated within 10 days after admission，is advisable.

Beta-blockers should be given to all patients with reduced LV function. ACE-inhibitors are indicated long-term in all patients with LVEF ≤40% and in patients with diabetes，hypertension or chronic kidney disease，unless contraindicated. ACE-inhibitors should be considered for all other patients to prevent recurrence of ischemic events.Angiotensin-Receptor Blockers should be considered in patients who are intolerant to ACE-inhibitors and/or who have heart failure or MI with LVEF ＜40%.

Aldosterone blockade should be considered in patients after MI who are already treated with ACE-inhibitors and beta-blockers，and who have a LVEF ＜40% and either diabetes or heart failure，without significant renal dysfunction or hyperkalaemia.

6.5 Acute myocardial infarction


Pathophyiology


AMI generally occurs when coronary blood flow decreases abruptly after a thrombotic occlusion of a coronary artery previously narrowed by atherosclerosis. Slowly developing，high-grade coronary artery stenoses usually do not precipitate AMI because of the development of a rich collateral network over time. Instead，AMI occurs when a coronary artery thrombus develops rapidly at a site of vascular injury. This injury is produced or facilitated by factors such as cigarette smoking，hypertension，and lipid accumulation. In most cases，infarction occurs when an atherosclerotic plaque fissures，ruptures，or ulcerates and when conditions（local or systemic）favor thrombogenesis，so that a mural thrombus forms at the site of rupture and leads to coronary artery occlusion. Histologic studies indicate that the coronary plaques prone to rupture are those with a rich lipid core and a thin fibrous cap. After an initial platelet monolayer forms at the site of the ruptured plaque，various agonists（collagen，ADP，epinephrine，serotonin）promote platelet activation. After agonist stimulation of platelets，there is production and release of thromboxane A2
 （a potent local vasoconstrictor），further platelet activation，and potential resistance to thrombolysis.

In addition to the generation of thromboxane A2
 ，activation of platelets by agonists promotes a conformational change in the glycoprotein Ⅱb/Ⅲa receptor. Once converted to its functional state，this receptor develops a high affinity for amino acid sequences on soluble adhesive proteins；they can bind to two different platelets simultaneously，resulting in platelet cross-linking and aggregation.


Symptoms


Although AMI may commence at any time of the day or night，circadian variations have been reported such that clusters are seen in the morning within a few hours of awakening. The increased frequency early in the day may be due to a combination of an increase in sympathetic tone and an increased tendency to thrombosis.

Pain is the most common presenting complaint in patients with AMI. In some instances，it may be severe enough to be described as the worst pain the patient has ever felt. The pain is deep and visceral；adjectives commonly used to describe it are heavy，squeezing，and crushing，although occasionally it is described as stabbing or burning. It is similar in character to the discomfort of angina pectoris but usually is more severe and lasts longer. Typically the pain involves the central portion of the chest and/or the epigastrium，and on occasion it radiates to the arms. Less common sites of radiation include the abdomen，back，lower jaw，and neck. It is often accompanied by weakness，sweating，nausea，vomiting，anxiety，and a sense of impending doom. The pain may commence when the patient is at rest. When the pain begins during a period of exertion，it does not usually subside with cessation of activity，in contrast to angina pectoris.

Although pain is the most common presenting complaint，it is by no means always present. The proportion of painless AMI is greater in patients with diabetes mellitus，and it increases with age. In the elderly，AMI may present as sudden-onset breathlessness，which may progress to pulmonary edema. Other less common presentations，with or without pain，include sudden loss of consciousness，a confusional state，a sensation of profound weakness，the appearance of an arrhythmia，evidence of peripheral embolism，or merely an unexplained drop in arterial pressure. The pain of AMI can simulate pain from acute pericarditis，pulmonary embolism，acute aortic dissection，costochondritis，and gastrointestinal disorders. These conditions should therefore be considered in the differential diagnosis.


Physical Examination


Most patients are anxious and restless，attempting unsuccessfully to relieve the pain by moving about in bed，altering their position，and stretching. Pallor associated with perspiration and coolness of the extremities occurs commonly. The combination of substernal chest pain persisting for ＞30 min and diaphoresis strongly suggests AMI. Although many patients have a normal pulse rate and blood pressure within the first hour of AMI，about one-fourth of patients with anterior infarction have manifestations of sympathetic nervous system hyperactivity（tachycardia and/or hypertension），and up to one-half with inferior infarction show evidence of parasympathetic hyperactivity（bradycardia and/or hypotension）.

The precordium is usually quiet，and the apical impulse may be difficult to palpate. In patients with anterior wall infarction，an abnormal systolic pulsation caused by dyskinetic bulging of infarcted myocardium may develop in the periapical area within the first days of the illness and then may resolve. Other physical signs of ventricular dysfunction that may be present include，fourth（S4
 ）and third（S3
 ）heart sounds，decreased intensity of heart sounds，and，in more severe cases，paradoxical splitting of the second heart sound ．A transient apical systolic murmur due to dysfunction of the mitral valve apparatus may be midsystolic or late systolic in timing. A pericardial friction rub is heard in many patients with transmural AMI at some time in the course of the disease，if they are examined frequently. The carotid pulse is often decreased in volume，reflecting reduced stroke volume. Jugular venous distention with clear lung fields should raise suspicion of right ventricular infarction. The arterial pressure is variable；in most patients with transmural infarction，systolic pressure declines by approximately 10 to 15 mmHg from the preinfarction state.


Electrocardiography


The electrocardiographic manifestations of AMI are described in above. During the initial stage of the acute phase of MI，total occlusion of the infarct artery produces ST-segment elevation. Most patients initially presenting with ST-segment elevation evolve Q waves on the ECG and are ultimately diagnosed as having sustained a STE MI. When the obstructing thrombus is not totally occlusive，obstruction is transient，or if a rich collateral network is present，no ST-segment elevation is seen. Such patients are initially considered to be experiencing either unstable angina or a non-ST-segment elevation MI（NSTEMI）.


Serum Cardiac Markers


Certain proteins，called serum cardiac markers，are released into the blood in large quantities from necrotic heart muscle after AMI. The rate of liberation of specific proteins differs depending on their intracellular location and molecular weight，and the local blood and lymphatic flow. The temporal pattern of protein release is of diagnostic importance，but contemporary urgent reperfusion strategies necessitate making a decision（based largely on a combination of clinical and ECG findings）before the results of blood tests have returned from the central laboratory. Rapid whole-blood bedside assays for serum cardiac markers are now available and may facilitate management decisions，particularly in patients with nondiagnostic ECGs.

Creatine phosphokinase（CK）rises within 4 to 8 h and generally returns to normal by 48 to 72 h. An important drawback of total CK measurement is its lack of specificity for AMI，as CK may be elevated with skeletal muscle trauma.

The MB isoenzyme of CK has the advantage over total CK that it is not present in significant concentrations in extracardiac tissue and therefore is considerably more specific. However，cardiac surgery，myocarditis，and electrical cardioversion often result in elevated serum levels of the MB isoenzyme.

Cardiac-specific troponin T（cTnT）and cardiac-specific troponin I（cTnI）have amino acid sequences different from those of the skeletal muscle forms of these proteins. These differences have permitted the development of quantitative assays for cTnT and cTnI with highly specific monoclonal antibodies. Since cTnT and cTnI are not normally detectable in the blood of healthy individuals but may increase after AMI to levels over 20 times higher than the cutoff value（usually set only slightly above the noise level of the assay），the measurement of cTnT or cTnI is of considerable diagnostic usefulness，and they are now the preferred biochemical markers for MI.

Myoglobin is released into the blood within only a few hours of the onset of AMI. Although myoglobin is one of the first serum cardiac markers that rise above the normal range after AMI，it lacks cardiac specificity，and it is rapidly excreted in the urine，so that blood levels return to the normal range within 24 h of the onset of infarction.

Many hospitals are using cTnT or cTnI rather than CKMB as the routine serum cardiac marker for diagnosis of AMI，although any of these analytes remains clinically acceptable. It is not cost-effective to measure both a cardiac-specific troponin and CKMB at all time points in every patient. However，in view of the prolonged elevation of cardiac-specific troponins（＞1 week），episodes of recurrent ischemic discomfort and suspected recurrent MI are more readily diagnosed with a serum cardiac marker that remains elevated in the blood more briefly，such as CKMB or myoglobin.

For the purposes of confirming the diagnosis of MI，serum cardiac markers should be measured on admission，6 to 9 h after admission，and 12 to 24 h after admission if the diagnosis remains uncertain.
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Fig.6-2 Pattern of serum cardiac markers released.




Echocardiography


Two-dimensional echocardiography is the most frequently employed imaging modality in patients with AMI.

Abnormalities of wall motion are almost universally present. Even when no ST-segment elevation is seen，echocardiographically detectable wall motion abnormalities may be observed. Although AMI cannot be distinguished from an old myocardial scar or from acute severe ischemia by echocardiography，the ease and safety of the procedure make its use appealing as a screening tool. Echocardiographic estimation of left ventricular（LV）function is useful prognostically；detection of reduced function serves as an indication for therapy with an angiotensin-converting enzyme inhibitor. Echocardiography may also identify the presence of right ventricular（RV）infarction，ventricular aneurysm，pericardial effusion，and LV thrombus.


Diagnosis


History of chest pain/discomfort. ST-segment elevation or（presumed）new left bundle-branch block on admission ECG. Repeated ECG recordings often needed. Elevated markers of myocardial necrosis（CK-MB，troponins）. Do not wait for the results to initiate reperfusion treatment！


Differential Diagnoses


Other conditions that may mimic AMI are summarised blow：

Cardiac

Myocarditis

Pericarditis

Myopericarditis

Cardiomyopathy

Valvular diseasePulmonary

Pulmonary embolism

Pulmonary infarction

Pneumonia

Pleuritis

Pneumothorax

Vascular

Aortic dissection

Aortic aneurysm

Aortic coarctation

Cerebrovascular disease Orthopaedic

Cervical discopathy

Rib fracture

Muscle injury/inflammation

Costochondritis


Treatment


Aspirin is now considered an essential element in the management of patients with suspected AMI and is effective across the entire spectrum of acute coronary syndromes. Rapid inhibition of cyclooxygenase in platelets followed by a reduction of thromboxane A2
 levels is achieved by buccal absorption of a chewed 160 to 325 mg tablet in the emergency department. This measure should be followed by daily oral administration of aspirin in a dose of 160 to 325 mg.

Since patients with AMI may develop hypoxemia secondary to ventilation-perfusion abnormalities from LV failure and intrinsic pulmonary disease；it has been a common practice to routinely administer supplemental oxygen. Oxygen should be administered by nasal prongs or face mask（2 to 4 L/min）for the first 6 to 12 h after infarction；the patient should then be reassessed to determine if there is a continued need for such treatment.

Morphine is a very effective analgesic for the pain associated with AMI. Morphine is routinely administered by repetitive（every 5 min）intravenous injection of small doses（2 to 4 mg）rather than by the subcutaneous administration of a larger quantity，because absorption may be unpredictable by the latter route. Morphine has a vagotonic effect and may cause bradycardia or advanced degrees of heart block，particularly in patients with posteroinferior infarction. These side effects usually respond to atropine（0.5 mg intravenously）.

Sublingual nitroglycerin can be given safely to most patients with AMI. Up to three 0.4-mg doses should be administered at about 5-min intervals. In addition to diminishing or abolishing chest discomfort，nitroglycerin may be capable of both decreasing myocardial oxygen demand and increasing myocardial oxygen supply. In patients whose initially favorable response to sublingual nitroglycerin is followed by the return of chest pain，particularly if accompanied by other evidence of ongoing ischemia such as further ST-segment or T-wave shifts，the use of intravenous nitroglycerin should be considered. Therapy with nitrates should be avoided in patients who present with low systolic arterial pressure（＜90 mmHg）or in whom there is clinical suspicion of right ventricular infarction.

Intravenous beta blockers are also useful in the control of the pain of AMI. These drugs control pain effectively in some patients，presumably by diminishing myocardial oxygen demand and hence ischemia. More important，there is evidence that intravenous beta blockers reduce in-hospital mortality，particularly in high-risk patients. A commonly employed regimen is metoprolol，5 mg every 2 to 5 min for a total of three doses，provided the patient has a heart rate＞60 beats per minute（bpm），systolic pressure＞100 mmHg，a PR interval＜0.24 s，and rales that are no higher than 10 cm up from the diaphragm. Fifteen minutes after the last intravenous dose，an oral regimen is initiated of 50 mg every 6 h for 48 h followed by 100 mg every 12 h.


Reperfusion Therapy


Reperfusion therapy is indicated in all patients with history of chest pain/discomfort of ＜ 12 hours and associated with ST-segment elevation or（presumed）new bundle-branch block on the ECG. The primary tool for screening patients and making triage decisions is the initial 12-lead ECG. When ST-segment elevation in at least two contiguous leads of at least 2 mm in V1
 -V3
 and 1 mm in other leads is present，a patient should be considered a candidate for reperfusion therapy if no contraindications are present thrombolytic therapy should ideally be initiated within 30 min.


Primary PCI：
 Primary PCI is preferred treatment if performed by experienced team ＜ 90 min after first medical contact indicated for patients in shock and those with contraindications to fibrinolytic therapy. Rescue PCI after failed thrombolysis in patients with large infarcts. It appears to be more effective than thrombolysis in opening occluded coronary arteries and，when performed by experienced operators in dedicated medical centers，is associated with better short-term and long-term clinical outcomes. However，PCI is expensive in terms of personnel and facilities，and its applicability is seriously limited by its availability，around the clock，in only a minority of hospitals.


Fibrinolytic regimens for acute myocardial infarction：
 In the absence of contraindications and if primary PCI cannot be performed within 90 min of first medical contact by an experienced team，pharmacological reperfusion should be initiated as soon as possible，choice of fibrinolytic agent depends on individual assessment of benefit and risk，availability and cost in patients presenting late（＞ 4 to 6 hours after symptom onset）a more fibrin-specific agent such as tenecteplase or alteplase is preferred.

tPA is more effective than streptokinase at restoring full perfusion and has a small edge in improving survival as well. The current recommended regimen of tPA consists of a 15-mg bolus followed by 50 mg intravenously over the first 30 min，followed by 35 mg over the next 60 min. Streptokinase is administered as 1.5 million units（MU）intravenously over 1 h. Reteplase is administered in a double bolus regimen consisting of a 10-MU bolus given over 2 to 3 min followed by a second 10-MU bolus 30 min later.

Antithrombin co-therapy：i.v. heparin for 24 to 48 h，Target aPTT：50—70 ms aPTT to be monitored at 3，6，12，24 h after starting treatment or dosages of fibrinolytic and antithrombin agents.

Clear contraindications to the use of thrombolytic agents include a history of cerebrovascular hemorrhage at any time，a nonhemorrhagic stroke or other cerebrovascular event within the past year，marked hypertension（a reliably determined systolic arterial pressure＞180 mmHg and/or a diastolic pressure＞110 mmHg）at any time during the acute presentation，suspicion of aortic dissection，and active internal bleeding.


Coronary Care Units


These units are routinely equipped with a system that permits continuous monitoring of the cardiac rhythm of each patient and hemodynamic monitoring in selected patients. Defibrillators，respirators，noninvasive transthoracic pacemakers，and facilities for introducing pacing catheters and flow-directed balloon-tipped catheters are also usually available. Equally important is the organization of a highly trained team of nurses who can recognize arrhythmias；adjust the dosage of antiarrhythmic，vasoactive，and anticoagulant drugs；and perform cardiac resuscitation，including electroshock，when necessary. Patients should be admitted to a coronary care unit early in their illness when it is expected that they will derive benefit from the sophisticated and expensive care provided. The availability of electrocardiographic monitoring and trained personnel outside the coronary care unit has made it possible to admit lower-risk patients（e.g.，those not hemodynamically compromised and without active arrhythmias）to “intermediate care units”. The duration of stay in the coronary care unit is dictated by the ongoing need for intensive care. If AMI has been ruled out（ideally within 8 to 12 h）and symptoms are controlled with oral therapy，patients may be transferred out of the coronary care unit. Also，patients who have a confirmed AMI but who are considered to be at low risk（no prior infarction and no persistent chest discomfort，congestive heart failure，hypotension，or cardiac arrhythmias）may be safely transferred out of the coronary care unit in 24 to 36 h.


Activity：
 Factors that increase the work of the heart during the initial hours of infarction may increase the size of the infarct. Therefore，patients with AMI should be kept at bed rest for the first 12 h. However，in the absence of complications，patients should be encouraged，under supervision，to resume an upright posture by dangling their feet over the side of the bed and sitting in a chair within the first 24 h. This practice is both psychologically beneficial and usually results in a reduction in the pulmonary capillary wedge pressure. In the absence of hypotension and other complications，by the second or third day patients typically are ambulating in their room with increasing duration and frequency，and they may shower or stand at the sink to bathe. By day 3 or 4 after infarction，patients should be increasing their ambulation progressively to a goal of 600 ft at least three times a day.


Diet：
 Because of the risk of emesis and aspiration soon after MI，patients should receive either nothing or only clear liquids by mouth for the first 4 to 12 h. The typical coronary care unit diet should provide 30% of total calories as fat and has a cholesterol content of 300 mg/d. Complex carbohydrates should make up 50% to 55% of total calories. Portions should not be unusually large，and the menu should be enriched with foods that are high in potassium，magnesium，and fiber but low in sodium. Diabetes mellitus and hypertriglyceridemia are managed by restriction of concentrated sweets in the diet.


Bowels：
 Bed rest and the effect of the narcotics used for the relief of pain often lead to constipation. A bedside commode rather than a bedpan，a diet rich in bulk，and the routine use of a stool softener such as dioctyl sodium sulfosuccinate（200 mg/d）are recommended. If the patient remains constipated despite these measures，a laxative can be prescribed. Contrary to prior belief，it is safe to perform a gentle rectal examination on patients with AMI.


Sedation：
 Many patients require sedation during hospitalization to withstand the period of enforced inactivity with tranquillity. Diazepam（5 mg），oxazepam（15 to 30 mg），or lorazepam（0.5 to 2 mg），given three or four times daily，is usually effective. An additional dose of any of the above medications may be given at night to ensure adequate sleep. Attention to this problem is especially important during the first few days in the coronary care unit，where the atmosphere of 24-h vigilance may interfere with the patient’s sleep.


Antithrombotic Agents


As noted previously，aspirin is the standard antiplatelet agent for patients with AMI. For all patients，immediate 300 mg loading dose of clopidogrel is recommended，followed by 75 mg clopidogrel daily.Clopidogrel should be maintained for 12 months unless there is an excessive risk of bleeding. For all patients with contra-indication to aspirin，clopidogrel should be given instead. In patients considered for an invasive procedure/PCI，a loading dose of 600 mg of clopidogrel may be used to achieve more rapid inhibition of platelet function. In patients pre-treated with clopidogrel who need to undergo CABG，surgery should be postponed for 5 days for clopidogrel withdrawal if clinically feasible. In patients at intermediate to high risk，particularly patients with elevated troponins，ST-depression，or diabetes，either eptifibatide or tirofiban for initial early treatment are recommended in addition to oral antiplatelet agents.

The standard antithrombin agent used in clinical practice is unfractionated heparin（UFH）. An alternative to UFH for anticoagulation of patients with AMI that is being used with increased frequency are the low-molecular-weight heparin preparations（LMWHs）. Because of the stable anticoagulant effect when LMWHs are used，routine monitoring of hematologic tests such as the activated partial thromboplastin time（aPTT）is not required. Although the LMWHs share many pharmacologic similarities，they also vary in a number of important features；and therefore these agents should be considered individually rather than as members of an interchangeable class of compounds. Heparin i.v. bolus：60 U•kg-1
 with a maximum of 4000 U i.v. infusion：12 U•kg-1
 for 24 to 48 h with a maximum of 1000 U•h-1
 . Target aPTT：50—70 ms aPTT to be monitored at 3，6，12，24 h after starting treatment.

Patients with an anterior location of the infarction，severe LVdysfunction，congestive heart failure，a history of embolism，two-dimensional echocardiographic evidence of mural thorombus，or atrial fibrillation are at increased risk of systemic or pulmonary thromboembolism. Such individuals should receive full therapeutic levels of antithrombin therapy（UFH or LMWHs）while hospitalized，followed by at least 3 months of warfarin therapy.


Beta-adrenoceptor Blockers


The benefits of beta blockers in patients with AMI can be divided into those that occur immediately when the drug is given acutely and those that accrue over the long term when the drug is given for secondary prevention after an index infarction. Acute intravenous beta blockade improves the myocardial oxygen supply-demand relationship，decreases pain，reduces infarct size，and decreases the incidence of serious ventricular arrhythmias. An overview of the data from 27，000 patients enrolled in nine randomized trials in the prethrombolytic era indicates that intravenous followed by oral beta blockade is associated with a 15% relative reduction in mortality，nonfatal reinfarction，and nonfatal cardiac arrest. In patients who undergo thrombolysis soon after the onset of chest pain，no incremental reduction in mortality rate is seen with beta blockers，but recurrent ischemia and reinfarction are reduced.

Beta blocker therapy after AMI thus is useful for most patients except those in whom it is specifically contraindicated（patients with heart failure or severely compromised LV function，heart block，orthostatic hypotension，or a history of asthma）and perhaps those whose excellent long-term prognosis（defined as an expected mortality rate of ＜1% per year）markedly diminishes any potential benefit（patients younger than 55 years with normal ventricular function，no complex ventricular ectopy，and no angina）.

Although the data supporting the use of beta blockers in patients with AMI who do not present with ST-segment elevation are limited，the available evidence suggests that even among such patients，the use of beta blockers decreases the rates of cardiovascular mortality and reinfarction，and increases the probability of long-term survival.


Angiotensin-converting Enzyme Inhibitors


Angiotensin-converting enzyme（ACE）inhibitors reduce the mortality rate after AMI，and the mortality benefits are additive to those achieved with aspirin and beta blockers. The maximum benefit is seen in high-risk patients（those who are elderly or have an anterior infarction，a prior infarction，and/or globally depressed LV function），but evidence suggests that a short-term benefit occurs when ACE inhibitors are prescribed unselectively to all hemodynamically stable patients with AMI（i.e.，those with a systolic pressure ＞100 mmHg）. The mechanism involves a reduction in ventricular remodeling after infarction（see “Ventricular Dysfunction”，below）with a subsequent reduction in the risk of congestive heart failure（CHF）. The rate of recurrent infarction also may be lower in patients treated chronically with ACE inhibitors after infarction.

ACE inhibitors should be prescribed within 24 h to all patients with AMI and overt CHF as well as to hemodynamically stable patients with ST-segment elevation or left bundle branch block. There is little evidence to support the immediate use of ACE inhibitors in patients with AMI who present without ST-segment changes or only with ST-segment depression without CHF. Before hospital discharge，LV function should be assessed with an imaging study. ACE inhibitors should be continued indefinitely in patients who have clinically evident CHF，in patients whom an imaging study shows a reduction in global LV function or a large regional wall motion abnormality，or in those who are hypertensive.


Complications



Pump failure：
 After AMI，the LV undergoes a series of changes in shape，size，and thickness in both the infarcted and noninfarcted segments. This process is referred to as ventricular remodeling and generally precedes the development of clinically evident CHF in the months to years after infarction. Soon after AMI，the LV begins to dilate.

[image: ]
Fig.6-3 LV Remodeling post MI.



Pump failure is now the primary cause of in-hospital death from AMI. The extent of ischemic necrosis correlates well with the degree of pump failure and with mortality，both early（within 10 days of infarction）and later. The most common clinical signs are pulmonary rales and S3
 and S4
 gallop rhythms. Pulmonary congestion is also frequently seen on the chest roentgenogram.

The management of CHF in association with AMI is similar to that of acute heart failure secondary to other forms of heart disease. The patient with pulmonary edema is treated as described in heart failure，but vasodilators must be used with caution to prevent serious hypotension. As noted earlier，ACE inhibitors are an ideal class of drugs for management of ventricular dysfunction after AMI，especially for the long term.


Cardiogenic shock：
 Cardiogenic shock should be considered to be a form of severe LV failure. This syndrome is characterized by marked hypotension with systolic arterial pressure of ＜80 mmHg and a markedly reduced cardiac index ［＜1.8 L/（min•m2
 ）］ in the face of an elevated LV filling（pulmonary capillary wedge）pressure（＞18 mmHg）. Hypotension alone is not a basis for the diagnosis of cardiogenic shock，because many patients who make an uneventful recovery have serious hypotension（systolic pressure of＜80 mmHg）for several hours. Such patients often have low LV filling pressures，and their hypotension usually resolves with the administration of intravenous fluids. In contrast to hypovolemic hypotension，cardiogenic shock is generally associated with a mortality rate of＞70%；however，recent efforts to restore perfusion by coronary angioplasty or surgical revascularization suggest that this high mortality rate can be lowered by as much as one-half.

Dopamine is useful in many patients with severe power failure. At low doses（2 to 10 μg/kg per min），the drug has positive chronotropic and inotropic effects as a consequence of receptor stimulation.

Aortic Counter pulsation in cardiogenic shock，mechanical assistance with an intraaortic balloon pumping（IABP）system capable of augmenting both diastolic pressure and cardiac output may be helpful. A sausage-shaped balloon at the end of a catheter is introduced percutaneously into the aorta via the femoral artery，and the balloon is automatically inflated during early diastole，thereby augmenting coronary blood flow. The balloon collapses in early systole，thereby reducing the afterload against which LV ejection takes place. Improvement in hemodynamic status has been achieved with balloon pumping in a large number of patients.


Free Wall Rupture


Myocardial rupture is a dramatic complication of AMI that is most likely to occur during the first week after the onset of symptoms；its frequency increases with the age of the patient. First infarction，a history of hypertension，no history of angina pectoris，and a relatively large Q-wave infarct are associated with a higher incidence of cardiac rupture. The clinical presentation typically is a sudden loss of pulse，blood pressure and consciousness while the ECG continues to show sinus rhythm（apparent electromechanical dissociation or pulseless electrical activity）. The myocardium continues to contract，but forward flow is not maintained as blood escapes into the pericardium. Cardiac tamponade ensues，and closed-chest massage is ineffective. This condition is almost universally fatal，although dramatic cases of urgent pericardiotensis followed by successful surgical repair have been reported.


Arrhythmias


The incidence of arrhythmias after AMI is higher in patients seen early after the onset of symptoms. The mechanisms responsible for infarction-related arrhythmias include autonomic nervous system imbalance，electrolyte disturbances，ischemia，and slowed conduction in zones of ischemic myocardium. An arrhythmia can usually be managed successfully if trained personnel and appropriate equipment are available when it develops. Since most deaths from arrhythmia occur during the first few hours after infarction，the effectiveness of treatment relates directly to the speed with which patients come under medical observation. The prompt management of arrhythmias constitutes a significant advance in the treatment of myocardial infarction.


Rehabilitation


Rehabilitation is aimed at restoring the patient to as full a life as possible，including return to work. It must take into account physical，psychological and socio-economic factors. Rehabilitation is indicated in patients with significant left ventricular dysfunction. The process should start as soon as possible after hospital admission，and be continued in the succeeding weeks and months. Many clinical factors have been identified that are associated with an increase in cardiovascular risk after initial recovery from AMI. Some of the most important factors include persistent ischemia（spontaneous or provoked），depressed LV ejection fraction（＜40%），rales above the lung bases on physical examination or congestion on chest radiograph，and symptomatic ventricular arrhythmias.

Various secondary preventive measures are at least partly responsible for the improvement in the long-term mortality and morbidity rates after AMI. Long-term treatment with an antiplatelet agent（usually aspirin）after AMI is associated with a 25% reduction in the risk of recurrent infarction，stroke，or cardiovascular mortality（36 fewer events for every 1000 patients treated）. An alternative antiplatelet agent that may be used for secondary prevention in patients intolerant of aspirin is the ADP receptor antagonist clopidogrel（75 mg orally daily）.ACE inhibitors should be used indefinitely by patients with clinically evident heart failure，a moderate decrease in global ejection fraction，or a large regional wall motion abnormality to prevent late ventricular remodeling and recurrent ischemic events. The chronic routine use of oral b-adrenoceptor blockers for at least 2 years after AMI is supported by well-conducted，placebo-controlled trials that have convincingly demonstrated reductions in the rates of total mortality，sudden death，and，in some instances，reinfarction. In contrast，calcium antagonists are not recommended for routine secondary prevention.

6.6 Percutaneous coronary intervention

Percutaneous coronary intervention or PCI is the current general term applied to a variety of percutaneous，catheter-based procedures that accomplish revascularization either by angioplasty（enlargement of a vessel lumen by modification of plaque structure），stenting（deployment of an internal armature or stent），atherectomy（removal or ablation of plaque），or thrombectomy（removal of thrombus）. Several different devices have been developed to perform these procedures. The interventional cardiologist chooses among these approaches to best suit the particular requirements of each individual patient.


Indications


The indications for percutaneous revascularization have expanded dramatically during the past 25 years. In the early days of PTCA it was indicated for subtotal，proximal occlusions of single vessels in patients with chronic，stable angina pectoris who had failed medical therapy. As experience grew and equipment improved，patients with unstable angina，total occlusions，bypass grafts，multivessel disease，and acute myocardial infarction were added to the list. Currently，the most common single indication for PCI is acute coronary syndrome（unstable angina or acute myocardial infarction）.

PCI has traditionally been performed only in hospitals having cardiac surgical backup. However，as the procedure has become safer and the need for emergency bypass surgery less common，it has become more common，particularly in Europe，for these procedures to be performed in facilities where surgical backup is not on-site. Likewise，all patients undergoing PCI were once required to be potential candidates for bypass surgery in case of failure of the percutaneous procedure. Now some patients who are poor surgical candidates may undergo salvage intervention as their best or only avenue for revascularization.


Balloon Angioplasty


Balloon angioplasty is the traditional，basic technique of coronary intervention，although it is now uncommonly employed as a stand-alone treatment. Nevertheless，it is fundamental to the deployment of coronary stents，which are currently the most widely utilized of the interventional devices. The equipment for angioplasty is displayed and consists of a coaxial array of guiding catheter，balloon catheter，and steerable guidewire. The procedure is accomplished by first engaging the left or right coronary orifice with the tip of the guiding catheter to access the vessel containing the target lesion and to provide backup support during advancement of the guidewire and balloon across the lesion. Next，the guide wire is advanced through the guide catheter into the appropriate vessel and across the lesion to be treated. Typical guide wires are 14-thousandths of an inch in diameter（about 0.36 mm）and have a flexible spiral coil tip that can be directed by rotating its proximal end outside the body. The balloon catheter is then advanced over the guide wire until the deflated balloon lies across the target lesion. Finally，the balloon is inflated with a solution of dilute contrast medium to a pressure sufficient to expand the cylindrical balloon to its nominal manufactured diameter. The balloon size is selected to match the estimated diameter of the nearest segment of normal vessel and the length of the target lesion. Sometimes intravascular ultrasound is used to assist in this choice. The balloon is then withdrawn and the result assessed by angiography and，occasionally，by ultrasound.

Traditional angioplasty now finds its chief application in deployment of balloon expandable stents. However，angioplasty may serve as a stand-alone interventional technique for the treatment of lesions of small vessels（less than 2.5 mm in diameter）and lesions located far distally or beyond tortuous segments where more rigid devices such as stents cannot reach. In experienced hands，with appropriate case selection，the initial success rate of balloon angioplasty should exceed 95 percent. Abrupt closure of the vessel might be expected in about 3 percent of cases（usually due to dissection），but the majority of these can be corrected by deployment of a stent，resulting in a need for emergency bypass surgery in less than 1 percent of cases. The clinical consequence of vessel closure is often insufficient to justify surgery in vessels too small or distal for stenting.

The technology of guide，balloon，and guide wire systems has advanced to the point where few locations in the coronary anatomy are inaccessible. Totally occluded vessels can usually be successfully crossed with appropriate manipulation of the right guide wire，enabling successful angioplasty. The success rate for angioplasty of totally occluded vessels depends upon the age，length，and composition（thrombus versus plaque）of the occlusion；it is well over 90 percent in cases of acute thrombotic occlusion，and over 50 percent in cases of chronic occlusion（longer than 3 months）.

The chief disadvantage of balloon angioplasty is the phenomenon of restenosis，which will be discussed in more detail later in this chapter，and which spurred the development of newer devices in the hope of circumventing restenosis.


Stenting


Stenting has become the intervention of choice in approximately 90 percent of cases undergoing PCI. The term “stent” is believed to originally derive from the name of an eighteenth-century British dentist who devised a compound for creating impressions of human teeth. A modern-day vascular stent is actually an armature，or internal skeleton，for restoring and maintaining the cylindrical structure of a diseased vessel. Most stents are made from a thin-walled，stainless-steel tube in which slots have been carved. The slotted tube is then mounted securely on a deflated angioplasty balloon and deployed at the target lesion of the coronary artery by inflating the balloon at high pressure with dilute contrast medium. When the balloon is deflated the stent remains expanded against the vessel wall，its slots stretched into diamond-shaped apertures. Approximately 20 percent of the vessel wall is covered by metal，the remainder being an intra-strut aperture. This accounts for the surprisingly high patency of side branches following stent deployment，and the ability to access these side branches when necessary for further intervention. A variation of the slotted-tube stent is a balloon-deployed coiled wire. Many recent stent designs are hybrids，which incorporate desirable properties of both the slotted-tube and coiled-wire designs.

A somewhat different approach to stenting is the self-deploying，coiled-wire stent called the Wallstent. A coiled wire made from nitinol or another alloy with shape-retaining characteristics is compressed into a tubular delivery sheath，which is advanced over a guide wire across the target lesion. Once in its proper position the sheath is drawn back，allowing the stent to expand to its original size and shape. As with slotted-tube stents，pre- or post deployment dilation with a balloon may be necessary depending upon the nature of the lesion treated and the device used. Although it is one of the original stent designs，the self-expanding stent is used less commonly for coronary artery applications，but still finds use in many peripheral vascular cases.

Stents have gained remarkable popularity mainly for three reasons. First，immediate complications are reduced because abrupt closure of the vessel due to dissection is less likely，emphasized by the fact that a stent is the best treatment for a balloon-induced dissection. Second，the immediate result is better in terms of the diameter and smoothness of the lumen，which turns out to be of more than cosmetic value because the early gain in lumen size relates directly to the late outcome. Finally，stents have been demonstrated in randomized clinical trials to be effective in reducing the likelihood of late restenosis.

However，stents do have some disadvantages，which include their propensity to subacute thrombosis，the persistence of some degree of restenosis（depending upon the size of the vessel and length of the lesion），and the fact that they cannot be deployed under some circumstances. Subacute thrombosis，a complication unique to stents，usually occurs within 10 days after stent deployment. By contrast to restenosis，which is a gradual phenomenon，stent thrombosis is usually sudden，presenting as acute myocardial infarction and requiring emergency revascularization，usually by balloon angioplasty. The likelihood of subacute thrombosis has been reduced to less than 3 percent by antiplatelet therapy with a combination of aspirin and clopidogrel.Traditional（“bare metal”）coronary stents provide a mechanical framework that holds the artery wall open，preventing stenosis，or narrowing，of coronary arteries. PTCA with stenting has been shown to be superior to angioplasty alone in patient outcome by keeping arteries patent for a longer period of time. With the high use of intracoronary stents during PCI procedures，the focus of treatment changed from procedural success to prevention of recurrence of disease in the treated area（in-stent restenosis）. By the late 1990s it was generally acknowledged among cardiologists that the incidence of in-stent restenosis was between 15% and 30%，and possibly higher in certain subgroups of individuals.

Stent manufacturers experimented with a number of chemical agents to prevent the neointimal hyperplasia that is the cause of in-stent restenosis.Drug-eluting stents（DES）that are coated with drugs，which，when placed in the artery，release certain drugs over time. It has been shown that these types of stents help prevent restenosis of the artery through several different physiological mechanisms，which rely upon the suppression of tissue growth at the stent site and local modulation of the body’s inflammatory and immune responses. This prevents fibrosis that，together with clots（thrombus），could otherwise block the stented artery，a process called restenosis. Drug-eluting stents in current clinical use were approved by the FDA after clinical trials showed they were statistically superior to bare-metal stents（BMS）for the treatment of native coronary artery narrowings，having lower rates of major adverse cardiac events.


Directional Coronary Atherectomy


Directional coronary atherectomy（DCA）is achieved with a device illustrated，which utilizes a rotating cylindrical blade that is advanced across an open aperture near the tip of a cone-shaped，guide wire-directed catheter. Opposite the aperture is an eccentric balloon，which when inflated compresses plaque of the opposite vessel wall into the aperture，where it is cut away by the rotating blade and pushed into the nose cone. The direction of the aperture can be rotated so that slices of plaque are removed in a radial fashion by multiple cuts taken at different locations around the circumference of the vessel. The catheter can then be withdrawn and the excised plaque removed from the nose cone. The catheter may be reintroduced，if necessary，for more atherectomy.

Although DCA was originally devised with the hope of reducing the incidence of restenosis，it has failed to outperform balloon angioplasty in most circumstances. It has therefore assumed the role of a “niche” technology，which is useful in particular situations such as very eccentric proximal lesions，and lesions involving the ostia of major side branches. Removal of plaque at branch points seems to reduce the likelihood of plaque shifting from one branch to another as the respective lesions are dilated with balloons or stents. DCA has the disadvantage of requiring a rather large，stiff device，limiting its application to proximal lesions of large vessels. Furthermore，the removal of plaque seems to have surprisingly little effect on restenosis. DCA is currently employed in less than 5 percent of interventional cases.


Cutting Balloon


The cutting balloon has several tiny longitudinally mounted blades which become erect when the balloon is inflated and create linear cuts along the vessel wall. This balloon is preferred by many cardiologists for initial treatment of stent restenosis. Its use is often followed by brachytherapy in order to reduce further the likelihood of another episode of stent restenosis.


Other Devices


Distal protection devices are methods of capturing and collecting thrombus and other debris that may embolize distally from the target lesion during the use of many of the interventional tools mentioned above. They may be particularly beneficial during the treatment of old，degenerated vein grafts in which distal embolization is especially common.

Excimer laser coronary atherectomy（ELCA）employs a guidewire-directed fibreoptic catheter to deliver bursts of excimer laser energy to the plaque. Disintegrated plaque washes away in the circulation. However，ELCA has also failed to solve the restenosis problem，is used uncommonly at most centres，but remains the sole surviving member of a number of laser applications that have been tried and failed over the past 25 years. It finds it’s most frequent application in treatment of osteal lesions，stent restenosis，and diffuse calcified disease. Due to limitations of fibre size it is usually followed by balloon or stent treatment.

The transcutaneous excision catheter（TEC）device was developed at approximately the same time as directional coronary atherectomy and employs a rotating conical blade，which cuts away plaque and clot as it is advanced over a guide wire. The resulting debris is sucked back through the catheter into a reservoir outside the body. Although originally developed as an atherectomy device，it has found its chief application in treating clot-laden lesions. Nevertheless，it has not gained wide usage. More recently devised approaches to clot removal are the angio jet and excisor devices. The angio jet uses the venturi effect from a high-velocity jet of water，which draws thrombus into a window near the tip of a guidewire-directed catheter and propels it into a reservoir. The excisor employs a helical screw at the end of a catheter，which breaks up the clot so that it can be withdrawn through the catheter. Both these devices currently find their chief application in the treatment of degenerated and clot-laden vein-graft lesions.


Intravascular Ultrasound


Intravascular ultrasound（IVUS）is accomplished by advancing a catheter over a guide wire previously placed into a coronary artery. The catheter has a miniature ultrasound transducer near its tip，which enables rotational Doppler imaging of the vessel wall in a plane perpendicular to its axis. IVUS is particularly useful for assessing the nature of angiographically questionable lesions，determining the true size of the vessel prior to stent deployment，and assessing the completeness of stent deployment. It is also probably the best method for serial studies of coronary anatomy during drug treatment trials，because it is able to image the plaque itself and is therefore a more sensitive method than angiography.


Complications


Coronary angioplasty is widely practiced and has a number of risks；however major procedural complications are uncommon. The patient is usually awake during angioplasty，and chest discomfort may be experienced during the procedure；the reporting of symptoms indicates the procedure is causing ischemia and the cardiologist may alter or abort part of the procedure. Bleeding from the insertion point in the groin is common，in part due to the use of anti-platelet clotting drugs. Some bruising is therefore to be expected，but occasionally a hematoma may form. This may delay hospital discharge as flow from the artery into the hematoma may continue（pseudoaneurysm）which requires surgical repair. Infection at the skin puncture site is rare and dissection（tearing）of the access blood vessel is uncommon. Allergic reaction to the contrast dye used is possible，but has been reduced with the newer agents. Deterioration of kidney function can occur in patients with pre-existing kidney disease，but kidney failure requiring dialysis is rare. Vascular access complications are less common and less serious when the procedure is performed via the radial artery.

The most serious risks are death，stroke，myocardial infarction（heart attack）and aortic dissection. A heart attack during or shortly after the procedure occurs in 3% of cases；this may require emergency coronary artery bypass surgery. Angioplasty carried out shortly after a myocardial infarction has a risk of causing a stroke of 1 in 1000，which is less than the 1 in 100 risk encountered by those receiving thrombolytic drug therapy.The overall risks of death with angioplasty is approximately 1%，but the underlying severity of the heart disease，fitness of the patient and presence of other illness affect each individual’s risk. Hence for those with relatively minor heart disease，preserved good cardiac function，reasonable level of fitness and absence of other illnesses，the risk will be considerably less. When failures of PTCA occur，they are treated with medical management or CABG.

（6.6 Percutaneous coronary intervention Zhang Xingwei Li Weiwei）











7 Heart Failure







Definition


Clinical syndrome that can result from any structural or functional cardiac disorder that impairs the ability of the ventricle to fill with or eject blood.


Categorized of HF



Acute vs. chronic HF：
 Acute heart failure（AHF）is often used to mean AHF or decompensation of chronic heart failure（CHF）.It also includes hypertensive AHF，pulmonary edema，cardiogenic shock，right AHF. CHF，often punctuated by acute exacerbations，is the most common form of heart failure.


Systolic vs. diastolic HF：
 CHF is often associated with evidence of LV systolic dysfunction. Diastolic CHF is often diagnosed when symptoms and signs of CHF occur in the presence of preserved LV ejection fraction（PLVEF）at rest. The term is often used without actual documentation of diastolic dysfunction. It is more frequent in the elderly and amongst the women.


Right and left HF：
 These terms refer to syndromes presenting predominantly with congestion of the systemic or pulmonary veins，respectively.


Etiology


A variety of cardiac diseases cause CHF and pulmonary edema. The most common cause of heart failure is coronary artery disease，which is secondary to loss of left ventricular muscle，ongoing ischemia，or decreased diastolic ventricular compliance. Other disease processes include hypertension，valvular heart disease，congenital heart disease，other cardiomyopathies，myocarditis，and infectious endocarditis.CHF often is precipitated by cardiac ischemia or dysrhythmias，cardiac or extracardiac infection，pulmonary embolus，physical or environmental stresses，changes or noncompliance with medical therapy，dietary indiscretion，or iatrogenic volume overload. One also must consider systemic processes such as pregnancy and hyperthyroidism as precipitants of CHF.Aggravating factors include：Pregnancy，Arrhythmias（AF），Infections，Thromboembolism，Hyper/hypothyroidism，Endocarditis，Obesity，Hypertension，Physical activity and Dietary excess.


Pathophysiology


CHF is summarized best as an imbalance in Starling forces or an imbalance in the degree of end-diastolic fiber stretch proportional to the systolic mechanical work expended in an ensuing contraction. This imbalance may be characterized as a malfunction between the mechanisms that keep the interstitium and alveoli dry and the opposing forces that are responsible for fluid transfer to the interstitium.Maintenance of plasma oncotic pressure（generally about 25 mmHg）higher than pulmonary capillary pressure（about 7—12 mmHg），maintenance of connective tissue and cellular barriers relatively impermeable to plasma proteins，and maintenance of an extensive lymphatic system are the mechanisms that keep the interstitium and alveoli dry. Opposing forces responsible for fluid transfer to the interstitium include pulmonary capillary pressure and plasma oncotic pressure. Under normal circumstances，when fluid is transferred into the lung interstitium with increased lymphatic flow，no increase in interstitial volume occurs. When the capacity of lymphatic drainage is exceeded，however，liquid accumulates in the interstitial spaces surrounding the bronchioles and lung vasculature，thus creating CHF. When increased fluid and pressure cause tracking into the interstitial space around the alveoli and disruption of alveolar membrane junctions，fluid floods the alveoli and leads to pulmonary edema. Etiologies of pulmonary edema may be placed in the following 6 categories：Pulmonary edema secondary to altered capillary permeability-includes acute respiratory deficiency syndrome（ARDS），infectious causes，inhaled toxins，circulating exogenous toxins，vasoactive substances，disseminated intravascular coagulopathy（DIC），immunologic processes reactions，uremia，near drowning，and other aspirations. Pulmonary edema secondary to increased pulmonary capillary pressure-comprises cardiac causes and noncardiac causes，including pulmonary venous thrombosis，stenosis or veno-occlusive disease，and volume overload. Pulmonary edema secondary to decreased oncotic pressure found with hypoalbuminemia. Pulmonary edema secondary to lymphatic insufficiency. Pulmonary edema secondary to large negative pleural pressure with increased end expiratory volume. Pulmonary edema secondary to mixed or unknown mechanisms including high altitude pulmonary edema（HAPE），neurogenic pulmonary edema，heroin or other overdoses，pulmonary embolism，eclampsia，postcardioversion，postanesthetic，postextubation，and post-cardiopulmonary bypass.


Symptoms


Anxiety，dyspnea at rest，dyspnea on exertion has been found to be the most sensitive symptom reported，yet the specificity for dyspnea is less than 60%.Orthopnea and paroxysmal nocturnal dyspnea（PND）are symptoms；however，sensitivity for orthopnea and PND is only 20%—30%.Cough productive of pink frothy sputum is highly suggestive of CHF. Nonspecific symptoms reported include the following：weakness，lightheadedness，abdominal pain，malaise，wheezing，nausea. Past medical history may include the following：cardiomyopathy，valvular heart disease，alcohol use，hypertension，angina，prior myocardial infarction，familial heart disease.


Physical Examination


Such as peripheral edema，jugular venous distention，and tachycardia are highly predictive of CHF. Tachypnea，using accessory muscles of respiration. Hypertension，pulsus alternant（alternating weak and strong pulse indicative of depressed left ventricle function）Skin may be diaphoretic or cold，gray，and cyanotic. Jugular venous distention（JVD）frequently is present. Wheezing or rales may be heard on lung auscultation. Apical impulse frequently is displaced laterally. Cardiac auscultation may reveal aortic or mitral valvular abnormalities，S3
 or S4
 . Lower extremity edema also may be noted，especially in the subacute process.


Laboratory Finding



Beta Natriuretic Peptides（BNP）
 ：Until recently，differentiating asthma and other pulmonary disease has been difficult in the acute setting，particularly because of the poor sensitivities and specificities of most elements of history and physical examination. The standard of care has been shotgun therapy，namely treating patients for both CHF and an acute pulmonary process such as asthma，with both diuretics and beta agonists，serum levels of BNP can help identify CHF as the origin of acute dyspnea.BNP are useful in the diagnosis of heart failure. A low-normal concentration in an untreated patient makes heart failure unlikely as the cause of symptoms. BNP levels have important prognostic value. In addition to heart failure，other conditions，such as LV hypertrophy，valvular heart disease，myocardial ischemia，hypertension and pulmonary embolism may cause elevated natriuretic. BNP is available as a point-of-care test，with results available within 15 minutes；however，only Pro-BNP can be utilized concomitantly with Nesiritide.Serum levels of BNP of＜100 pg/mL are unlikely to be from CHF... Levels of 100—500 pg/mL may be CHF. BNP levels of＞500 pg/mL are most consistent with CHF.

Serum lab values may identify prerenal azotemia or elevated alanine aminotransferase（ALT），aspartate aminotransferase（AST），or bilirubin，suggestive of a congestive hepatopathy. Cardiac enzymes and other serum markers for ischemia or infarction may be useful as well. Arterial blood gas（ABG）may be of benefit in evaluation of hypoxemia，ventilation/perfusion（V/Q）mismatch，hypercapnia，and acidosis. Mild azotemia，decreased erythrocyte sedimentation rate（ESR），and proteinuria are observed in early and mild-to-moderate disease. Increased creatinine，hyperbilirubinemia，and dilutional hyponatremia are observed in severe cases. Routine diagnostic evaluation includes：complete blood count，serum electrolytes，thyroid function may be evaluated according to clinical findings.


Chest radiography
 ：Chest radiography is the most useful tool.Cardiomegaly may be observed with a cardiothoracic ratio greater than 50%. Pleural effusions may be present bilaterally or if they are unilateral more commonly observed on the right. Early CHF may manifest as cephalization of pulmonary vessels，generally reflecting a pulmonary capillary wedge pressure（PCWP）of 12—18 mmHg. As the interstitial fluid accumulates，more advanced CHF may be demonstrated by Kerley B lines（PCWP：18—25 mmHg）.Pulmonary edema is observed as perihilar infiltrates often in the classic butterfly pattern reflecting a PCWP greater than 25 mmHg. Several limitations exist to the use of chest radiographs when attempting to diagnose CHF. Classic radiographic progression often is not found，and as much as a 12-hour radiographic lag from onset of symptoms may occur. In addition，radiographic findings frequently persist for several days despite clinical recovery.


Doppler-echocardiography
 ：Transthoracic echocardiography（ECHO）may help identify regional wall motion abnormalities as well as globally depressed or myopathic left ventricular function. ECHO may help identify cardiac tamponade，pericardial constriction，and pulmonary embolus. ECHO is also useful in identifying valvular heart disease，such as mitral or aortic stenosis or regurgitation. Echocardiography is the preferred method for the documentation of cardiac dysfunction at rest. The most important measurement of ventricular function is the LV ejection fraction（LVEF）.

It is often used to differentiate between patients with LV systolic dysfunction and patients with preserved systolic function. Repeat echocardiography can be recommended in the patients’ follow-up only when there is an important change in the clinical status suggesting a significant change in LV function. Combined assessment of transmitral blood flow and mitral annulus velocities allows an assessment of the severity of LV diastolic dysfunction. The three filling patterns of “impaired relaxation”，“pseudo-normalized filling” and “restrictive filling” represent mild，moderate and severe diastolic dysfunction，respectively. A diagnosis of primary diastolic heart failure requires that three conditions be simultaneously satisfied：Presence of signs and symptoms of heart failure；a normal or only mildly abnormal LV systolic function（LVEF ≥ 45%—50%）；evidence of abnormal LV relaxation and/or distensibility.


Electrocardiogram（ECG）
 ：ECG is a nonspecific tool but may be useful in diagnosing concomitant cardiac ischemia，prior myocardial infarction（MI），cardiac dysrhythmias，chronic hypertension，and other causes of left ventricular hypertrophy.


Diagnosis and Differentials Diagnosis


The diagnosis of heart failure requires the following features：symptoms of heart failure（HF），typically breathlessness or fatigue，at rest or during exertion. Objective evidence（preferably by echocardiography）of cardiac dysfunction（systolic and/or diastolic）. A clinical response to treatment is supportive but not sufficient for diagnosis. Asymptomatic left ventricular（LV）dysfunction is considered a precursor of symptomatic HF and is associated with high mortality.

Acute respiratory distress syndrome，altitude illness-pulmonary syndromes，anaphylaxis anemia，acute bronchitis，chronic obstructive pulmonary disease and emphysema，dysbarism，hyperventilation syndrome，myopathies，pericarditis and cardiac tamponade pneumonia，aspiration pneumonia，bacterial pneumonia，immunocompromised pneumonia，mycoplasma pneumonia，viral pneumothorax，iatrogenic，spontaneous and pneumomediastinum pulmonary embolism shock，septic venous air embolism. The cardiac conditions combined with asthma or symptoms of chronic obstructive pulmonary disease（COPD）are difficult clinical challenges. Pulmonary function tests：spirometry is useful for excluding respiratory causes of breathlessness and to evaluate the severity of a concomitant pulmonary disease.

The New York Heart Association’s functional classification of CHF is one of the most useful. Class Ⅰ describes a patient who is not limited with normal physical activity by symptoms. Class Ⅱ occurs when ordinary physical activity results in fatigue，dyspnea，or other symptoms. Class Ⅲ is characterized by a marked limitation in normal physical activity. Class Ⅳ is defined by symptoms at rest or with any physical activity.


Treatment



Prehospital care：
 Administer supplemental oxygen，obtain intravenous access，as well as an ECG.Provide nitroglycerin sublingual or spray for active chest pain in the patient without severe hypotension and Ⅳ furosemide.To reduce venous return，elevate the head of the bed. Patients may be most comfortable in a sitting position with their legs dangling over the side of the bed，which allows for reduced venous return and decreased preload.

Therapy generally starts with nitrates and diuretics if patients are hemodynamically stable. Many other treatment modalities may play some role in acute management. If possible，treat the underlying cause as well，if identified. This is particularly necessary for patients with known diastolic dysfunction who respond best to reductions in blood pressure，rather than to diuretics，nitrates，and inotropic agents.The goal of pharmacotherapy is to achieve a PCWP of 15—18 mmHg and a cardiac index ＞2.2 L/（min•m2
 ），while maintaining adequate blood pressure and perfusion to essential organs. These goals may need to be modified for some patients. Use of diuretics，nitrates，analgesics，and inotropic agents are indicated for the treatment of CHF and pulmonary edema.


Angiotensin converting enzyme（ACE）inhibitors
 ：ACE-inhibitors are recommended as first-line therapy in patients with a reduced LV systolic function expressed as a subnormal LVEF（i.e.＜ 40%—45%）with or without symptoms. ACE-inhibitors improve survival，symptoms，functional capacity and LV remodeling and reduce hospitalizations in patients with CHF and LV systolic dysfunction. Important adverse effects are cough，hypotension，renal insufficiency，hyperkalaemia and angioedema.Changes in systolic and diastolic blood pressure and increases in serum creatinine are usually small in normotensive patients. ACE-inhibitors are contra-indicated in the presence of bilateral renal artery stenosis and in patients who experienced angioedema during previous ACE-inhibitor therapy.


Beta-adrenoceptor antagonists
 ：Beta-blockers should be considered for the treatment of all patients（NYHA class Ⅱ to Ⅳ）with stable，mild，moderate and severe heart failure from ischemic or non-ischemic cardiomyopathies and reduced LVEF on standard treatment，including diuretics and ACE-inhibitors，unless there is a contraindication. Beta-blocker therapy is recommended，in addition to ACE-inhibition，in patients with LV systolic dysfunction，with or without symptomatic heart failure，following an acute MI.Beta-blocking therapy reduces mortality and hospitalizations，improves the functional class and leads to less worsening of heart failure. These beneficial effects have been consistently observed across all subgroups of patients with CHF. Differences in clinical effects may be present between different beta-blockers in CHF.

Recommended procedures for starting a beta-blocker：The patient should be in a relatively stable condition，without the need of intravenous inotropic therapy and without signs of marked fluid retention. Start with a very low dose and titrate up to maintenance dosages shown to be effective in large trials. The dose may be doubled every 1—2 weeks if the preceding dose was well tolerated. Most patients can be managed as out-patients. Initiating dose，target dose and titration scheme of beta-blocking agents as used in large controlled trials.Carvedilol is administered twice a day；the other beta-blockers are administered once daily. Bisoprolol first dose（mg）：1.25，increments（mg/d）：2.5，3.75，5，7.5，10，Target dose（mg/d）：10，Titration period：weeks-month. Metoprolol succinate CR First dose（mg）：12.5/25，Increments（mg/d）：25，50，100，200，Target dose（mg/d）：200，Titration period：weeks-month. Carvedilol First dose（mg）：3.125，Increments（mg/d）：6.25，12.5，25，50，Target dose（mg/d）：50，Titration period：weeks-month.

Transient worsening heart failure，hypotension or bradycardia may occur during the titration period or there after：Monitor the patient for evidence of heart failure symptoms，fluid retention，hypotension and symptomatic bradycardia；if worsening of symptoms，first increase the dose of diuretics or ACE-inhibitor；temporarily reduce the dose of the beta-blocker，if necessary；if hypotension，first reduce the dose of vasodilators；reduce the dose of the beta-blocker，if necessary；if bradycardia，reduce or discontinue drugs that may lower heart rate；reduce dose of the beta-blocker，if necessary，but discontinue only if clearly necessary；always consider the reintroduction and/or uptitration of the beta-blocker when the patient becomes stable. If inotropic support is needed to treat a decompensated patient on beta blockade，phosphodiesterase inhibitors or levosimendan should be preferred because their haemodynamic effects are not antagonized by beta-blocker agents.

Contraindications to beta-blockers in patients with heart failure：a. Bronchial asthma or severe pulmonary disease；b. Symptomatic bradycardia or hypotension.


Diuretics
 ：First-line therapy generally includes a loop diuretic such as furosemide，which will inhibit sodium chloride reabsorption in the ascending loop of Henle. Drug name furosemide administer loop diuretics IV，since this allows for both superior potency and higher peak concentration despite increased incidence of side effects，particular yototoxicity.Adult dose a reasonable approach for furosemide might be as follows：10—20 mg IV for patients symptomatic with CHF not already using diuretics，40—80 mg IV for patients already using diuretics，80—120 mg IV for patients whose symptoms are refractory to the initial dose after 1 h of its administration，Higher doses and more rapid redoing may be appropriate for the patient in severe distress.


Aldosterone receptor antagonists
 are recommended in addition to ACE-inhibitors，beta-blockers and diuretics in advanced heart failure（NYHA Ⅲ-Ⅳ）to improve survival and morbidity. Aldosterone antagonists are recommended in addition to ACE-inhibitors and beta-blockers in the patients with a recent MI，LV systolic dysfunction and signs of heart failure or diabetes to reduce mortality and morbidity.Administration and dosing considerations with aldosterone antagonists（spironolactone，eplerenone）. Patients with severe heart failure（NYHA Ⅲ-Ⅳ）despite ACE inhibition/diuretics or with recent MI with LV systolic dysfunction and signs of heart failure or diabetes. Check serum potassium（＜ 5.0 mmol/L）and creatinine（＜ 250 μmol/L）.Add a low dose of spironolactone（12.5—25 mg）or eplerenone（25 mg）daily. Check serum potassium and creatinine after 4—6 days.If at any time serum potassium ＞ 5—5.5 mmol/L，reduce dose by 50%. Stop if serum potassium ＞ 5.5 mmol/L.If after 1 month symptoms persist and normokalaemia exists，increase to 50 mg daily. Check serum potassium/creatinine after 1 week.


Angiotensin Ⅱ receptor blockers
 ：Angiotensin Ⅱ receptor blockers（ARBs）and ACE-inhibitors have similar or equivalent effects on mortality and morbidity in symptomatic CHF patients and in acute MI patients with signs of heart failure or LV dysfunction.ARBs can be used as an alternative to ACE- inhibition to improve morbidity and mortality in these patients.ARBs can be considered in combination with ACE-inhibitors and beta blockers in CHF patients who remain symptomatic to reduce mortality and hospital admissions for heart failure. Initiation and monitoring of ARBs are similar to procedures for ACE-inhibitors Available ARBs and recommended dose levels. Candesartan dose（mg daily）：4—32. Valsartan dose（mg daily）：80—320 also available. Eprosartan dose（mg daily）：400—800. Irbesartan dose（mg daily）：150—300.Losartan dose（mg daily）：50—100.Telmisartan Dose（mg daily）：40—80.


Vasodilators
 the decision to use an i.v. vasodilator is usually dependent on the systemic BP.

Nitrates：Reduce myocardial oxygen demand by lowering preload and afterload.In severely hypertensive patients，nitroprusside cause more arterial dilatation than nitroglycerin. Glyceryl trinitrate，5-mononitrate Indication for Acute heart failure，when blood pressure is adequate，dosing：start 20 μg/min，increase to 200 μg/min. Isosorbide dinitrate indication for acute heart failure，when blood pressure is adequate dosing：start with 1 mg/h，increase to 10 mg/h.Nitroprusside indication for hypertensive crisis，cardiogenic shock combined with inotropes Dosing：0.3—5 μg/（kg•min）. Vasodilators administered i.v.will provide rapid reductions in filling pressure but necessitate careful monitoring of systemic BP. Oral nitrates，due to delayed absorption，have little role in the acute presentations of CHF.


Analgesics
 ：Morphine IV is an excellent adjunct in acute therapy. In addition to being both an anxiolytic and an analgesic，its most important effect is venodilation，which reduces preload. Also causes arterial dilatation，which reduces systemic vascular resistance（SVR）and increases cardiac output. Due to reliable and predictable effects，safety profile，and ease of reversibility with naloxone.Morphine sulfate administered IV may be dosed in a number of ways and commonly is titrated until desired effect is obtained. Adult Dose 2—5 mg IV and repeated q10—15min unless respiratory rate is ＜20 breaths/min or systolic blood pressure is ＜100 mmHg.


Inotropic agents
 ：Cardiac glycosides are indicated in atrial fibrillation and any degree of symptomatic heart failure，whether or not LV dysfunction is the cause. Digoxin has no effect on mortality but may reduce hospitalizations and，particularly，worsening heart failure hospitalizations，in the patients with heart failure caused by LV systolic dysfunction and sinus rhythm.Digoxin Dose（mg daily）：0.125—0.25.

Dopamine stimulates both adrenergic and dopaminergic receptors. Hemodynamic effects depend on the dose. Lower doses stimulate mainly dopaminergic receptors that produce renal and mesenteric vasodilation. Cardiac stimulation and renal vasodilation is produced by higher doses. Positive inotropic agent at 2—10 mcg that can lead to tachycardia，ischemia，and dysrhythmias. Doses ＞10 mcg cause vasoconstriction，which increases afterload. Adult Dose 5 mcg/（kg•min）IV and increase at 5 mcg/（kg•min）increments to a 20 mcg/（kg•min）dose.

Dobutamine produces vasodilation and increases inotropic state. At higher dosages may cause increased heart rate，thus exacerbating myocardial ischemia. Strong inotropic agent with minimal chronotropic effect and no vasoconstriction. Adult dose starting dose：2.5 mcg/（kg•min）IV；generally therapeutic in the range of 10—40 mcg/（kg•min）.


Human B-type natriuretic peptides
 ：Growing data suggest that human B-type natriuretic peptides such as Nesiritide may be effective in reducing pulmonary capillary wedge pressure and improving dyspnea in patients with acutely decompensated congestive heart failure. Neiritide serves as second messenger to dilate veins and arteries. Human BNP binds to particulate guanylate cyclase receptor of vascular smooth muscle and endothelial cells. Binding to receptor causes increase in cyclic GMP，which serves as second messenger to dilate veins and arteries. Reduces pulmonary capillary wedge pressure and improves dyspnea in patients with acutely decompensated congestive heart failure. Nesiritide Dosing：Bolus 2 μg/kg + infusion 0.015—0.03 μg/（kg•min），main side-effects is hypotension.

In patients refractory to medical therapy or with evidence of cardiogenic shock，cardiac catheterization，angioplasty，coronary bypass，or intra aortic balloon pump（IABP）may be helpful. Patients with acute myocardial infarction who are in cardiogenic shock and have ST elevation on electrocardiography should receive some form of reperfusion therapy，and complete revascularization is often necessary to improve the likelihood of survival. An aggressive approach using pharmacologic inotropic support，intra-aortic balloon counterpulsation techniques，and direct reperfusion with angioplasty has improved survival in these high-risk patients


Biventricular pacing and beyond
 ：Ventricular dyssynchrony means that the two lower chambers of the heart are not beating together as they do normally. It is often present in the HF population and may contribute to deterioration of cardiac function. Biventricular pacing is an alternative，nonpharmacologic therapy under active investigation for the treatment of HF.Resynchronization devices with trasvenous lead in the right atrium，right ventricular，and left ventricular（via the coronary sinus）have been implanted in patients to provide atrial triggered biventricular pacing. The use of such devices has been associated with improvement in ejection fraction，dP/dt，stroke work，and function class. The proposed mechanisms involved in improving ventricular function with biventricular pacing include improved septal contribution to ventricular ejection，increased diastolic filling times，and reduced mitral regurgitation.


Intra-aortic balloon pump
 ：This device changes loading conditions by increasing mean and peak diastolic pressure and decreasing peak systolic pressure. The changes result in decreased left ventricular end diastolic pressure，increased stroke volume，and increased cardiac output. A balloon pump is used primarily in patients in cardiogenic shock after acute myocardial infarction or in patients who have sudden development of severe mitral insufficiency. A pump improves coronary blood flow and myocardial perfusion，increases collateral coronary blood flow，improves subendocardial oxygenation，and decreases myocardial oxygen consumption. In patients who have CHF caused by acute mitral valve regurgitation，balloon pump counterpulsation decreases afterload and reduces the regurgitant volume of blood entering the left atrium，thereby augmenting forward flow into the central arterial circulation. The lowered afterload and increased effective cardiac output significantly lessen the degree of pulmonary edema.


Ventricular-assist devices
 ：These devices allow the failing ventricle to rest by direct ventricular unloading. In general，they work by withdrawing blood from the ventricle or atrium and then infusing it directly into either the pulmonary or systemic circulation. Both the left and right ventricle can be supported，depending on the particular device chosen. Ventricular-assist devices are the subject of active clinical research. Several implantable ventricular assist devices are being evaluated. Ventricular assist with an external power source has been successful in supporting selected patients with refractory HF before heart transplantation. Newer devices in which the power source is inserted wholly within the body，thus reducing the major complication of infection，are also being evaluated. Newer mechanical treatment methods may provide the necessary bridge to support patients until a donor heart becomes available.


Heart transplantation
 ：At present，no cure for heart failure exists. Heart transplantation is a viable option in carefully selected patients；it is the only treatment that potentially alters the natural history of HF long-term. Currently，1- and 3-yr survival is about 82% and 75%；however，mortality while waiting for a donor is 12% to 15%.


Prognosis
 ：The total in-hospital mortality rate was 19%，with 30% of deaths occurring from noncardiac causes. These patients，however，were noted to have had suboptimal use of proven efficacious therapy，compared with those who survived hospitalizations，particularly among women and the elderly. Thirty-year data from the Framingham heart study demonstrated a median survival of 3.2 years for males and 5.4 years for females. Results of initial treatment are usually good，regardless of cause. Long-term prognosis is variable. Mortality rates range from 10% in patients with mild symptoms to 50% with advanced，progressive symptoms.

Table 7-1 2006 ACC/AHA Guideline for Drug Commonly Used in Heart Failure




	Drug
	Initial Daily Dose（s）
	Maximum Dose（s）



	ACE inhibitors



	Captopril
	6．25 mg3 times
	50 mg3 times



	Enalapril
	2．5 mg twice
	10 to20 mg twice



	Fosinopril
	5 to10 mg once
	40 mg once



	Lisinopril
	2．5 to5 mg once
	20 to40 mg once



	Perindopril
	2 mg once
	8 to16 mg once



	Quinapril
	5 mg twice
	20 mg twice



	Ramipril
	1．25 to2．5 mg once
	10 mg once



	Trandolapril
	1 mg once
	4 mg once



	Angiotensin receptor blockers



	Candesartan
	4 to8 mg once
	32 mg once



	Losartan
	25 to50 mg once
	50 to100 mg once



	Valsartan
	20 to40 mg twice
	160 mg twice



	Aldosterone antagonists



	Spironolactone
	12．5 to25 mg once
	25 mg once or twice



	Eplerenone
	25 mg once
	50 mg once









	Drug
	Initial Daily Dose（s）
	Maximum Dose（s）
	



	Beta‐blockers　　
	　
	　



	Bisoprolol
	1．25 mg once
	10 mg once



	Carvedilol
	3．125 mg twice
	25 mg twice



	　
	　
	50 mg twice for patients over85 kg



	Metoprolol succinate
	12．5 to25 mg once
	200 mg once



	Extended release　
	　
	　



	（metoprolol CR／XL）
	　
	　






ACE indicates angiotensin converting enzyme；mg，milligrams；and kg，kilograms.











8 Cardiac Arrhythmias






8.1 Definition

The term cardiac arrhythmia（or dysrhythmia）is used to describe an abnormality of cardiac rhythm of any type. The spectrum of cardiac arrhythmias ranges from innocent extrasystoles to immediately life-threatening conditions such as asystole or ventricular fibrillation. Arrhythmias may occur in the absence of cardiac disease，but are more commonly associated with structural heart disease or external provocative factors.

8.2 Symptoms of cardiac arrhythmias

The symptoms produced by brady arrhythmias depend on the extent of cardiac slowing. They may include sudden death，syncope（Stokes-Adams attacks），or dizziness（presyncope）. Continuous bradycardia without asystolic pauses may produce symptoms of fatigue，lethargy，dyspnoea，or mental impairment.

The symptoms caused by tachyarrhythmias depend on a variety of factors including the heart rate，the difference between the rate during the arrhythmia and the preceding heart rate，the degree of irregularity of the rhythm，and the presence or absence of underlying cardiac disease. Symptoms of tachycardia include a feeling of rapid palpitation，angina or dyspnoea，syncope or sudden death.

8.3 Investigation of arrhythmias

History taking must include a detailed description of the symptoms associated with the arrhythmia. Evidence should be sought for factors that may precipitate the arrhythmia（for instance，exercise，alcohol）and for the presence of underlying cardiac disease，in particular valvular heart disease，myocardial ischemia/infarction，or congestive heart failure. Examination of the pulse will be unremarkable if the arrhythmia is intermittent. Physical examination for evidence of structural heart disease is essential. Further investigations to establish the presence of structural heart disease and to determine ventricular function may include 12-lead electrocardiography，chest radiography，echocardiography，exercise stress testing，and coronary arteriography.


Electrocardiography


The key to the successful diagnosis of cardiac arrhythmias is the systematic analysis of an electrocardiogram（ECG）of optimal quality obtained during the arrhythmia. Ideally，this should comprise all 12 leads recorded on a multichannel recorder，which can allow the identification of P-waves in one lead while they may be absent or equivocal in another.


Ambulatory electrocardiography
 ：Continuous monitoring is necessary for identification where arrhythmias are intermittent. This may involve monitoring in the cardiac care unit，particularly in the acute stages of myocardial infarction，or ambulatory（Holter）monitoring. Ambulatory electrocardiography is normally performed for periods of between 24 and 48 h using a portable recorder，which records every heartbeat on to magnetic tape or into solid-state memory. High-speed or automatic replay facilities enable the identification of intermittent arrhythmias，as well as the quantification of extrasystoles and assessment of parameters of heart rate variability.


Cardiac Electrophysiological Study


More detailed investigation of cardiac arrhythmias is undertaken by invasive cardiac electrophysiological testing. Multipolar electrodes are inserted to record electrograms from the atrium，ventricle，His bundle，and commonly from the coronary sinus. The site of conduction delays within the heart may be identified，or accessory pathways localized. Sustained arrhythmias may be initiated and terminated by extrastimuli，and their pattern of activation in the heart studied in detail. Electrophysiological mapping is an essential part of radiofrequency ablation（see below）.

[image: ]
Fig.8-1 Electrophysiological study：Illustration of lead placement（left）. Quadripolar leads have been inserted from the femoral vein and the tips are shown positioned to allow recording and pacing from the high right atrium，the His bundle，and the right ventricular apex. Intracardiac electrograms（right）show recordings from atrium（A），His bundle（H），and right ventricle（V）.



8.4 Bradycardias


Sinoatrial Disease


Sinoatrial disease often referred to as “sick sinus syndrome”，results in inappropriate sinus bradycardia，sinus pauses，or junctional rhythm in the absence of extrinsic factors. The condition is most commonly caused by idiopathic degeneration of the sinus nodal cells，particularly in the elderly，and is associated in about 20 percent of cases with idiopathic bundle-branch fibrosis（see below）. Occasionally，sinoatrial disease is caused by ischemia due to obstruction of the right coronary artery. Conduction block may occur between the sinus node and the atrium（sinoatrial block），resulting in “dropped” P-waves. More prolonged suppression of sinus node activity results in periods of sinus arrest，which are terminated by an escape beat from the sinus node，atrioventricular junction，or ventricle. Where the sinus rate is permanently slower than the junctional rate，continuous AV junctional rhythm will be present. Patients with sinoatrial disease have an increased predisposition to atrial tachyarrhythmias（bradycardia/tachycardia syndrome），and prolonged pauses may follow termination of tachycardia.

[image: ]
Fig.8-2 Sinus bradycardia.



[image: ]
Fig.8-3 Sinoatrial block. A pause occurred because of the absence of a P-wave（open arrow）.



[image: ]
Fig.8-4 Sinus arrest.



Sinoatrial disease can cause symptomatic bradycardia，dizziness，or syncope，but may be asymptomatic. The diagnosis is normally made from 12-lead or ambulatory ECG recording. Investigation should focus on excluding extrinsic causes of bradycardia，and on demonstrating the correlation between bradycardia or pauses and symptoms.


Atrioventricular Conduction Disorders


Impairment of atrioventricular conduction may occur either within the atrioventricular node（intranodal）or within the His-Purkinje system（infranodal）. Intranodal block is not associated with QRS abnormalities，while distal（infranodal）block is commonly associated with bundle-branch block.


First-degree atrioventricular block
 ：The normal upper limit of the PR interval is 0.20 s，and if the value exceeds this then first-degree atrioventricular block is present. A prolonged PR interval may be associated with bifascicular block（for example，right bundle-branch block plus left anterior hemiblock）. This condition，termed trifascicular block，implies the presence of slowed conduction through the remaining fascicle.
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Fig.8-5 First-degree heart block，The PR interval is prolonged.




Second-degree atrioventricular block
 ：In second-degree atrioventricular block，there is intermittent failure of conduction from atrium to ventricle. In type Ⅰ（Wenckebach）second-degree block，a characteristic pattern of increasing PR interval duration followed by a non-conducted P-wave is seen. The QRS morphology is commonly normal. In type Ⅱ second-degree AV block there is a sudden failure of conduction，without a preceding increase in the PR interval. Regular non-conducted P-waves may result in high-degree block，with 2∶1 or 3∶1 conduction.
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Fig.8-6 Second-degree heart block，type Ⅰ（Wenckebach）.
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Fig.8-7 Second-degree heart block type Ⅱ.




Third-degree atrioventricular block
 ：The characteristic feature of third-degree（complete）atrioventricular block is complete dissociation between atrial and ventricular activity. The ventricular rate is regular and slower than the atrial rate. An escape rhythm arising above the bifurcation of the bundle of His will produce a narrow QRS morphology，commonly with a relatively rapid escape rhythm（50 to 60 per min）. A more distal escape rhythm results in widened，bundle branch block morphology complexes with a slower escape rate（20 to 30 per min）. When complete AV block coexists with atrial fibrillation，it is recognized by the presence of a slow，regular ventricular response.
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Fig.8-8 Third-degree（complete）heart block.



High-degree AV block can be intermittent，and the resting ECG may be normal or only show evidence of mild conducting system disturbance such as first-degree AV block or bundle-branch block. If there is clinical suspicion，ambulatory ECG recording，for prolonged periods if necessary，is required to obtain evidence of higher degrees of AV block.


Aetiology of atrioventricular block
 ：The commonest causes of atrioventricular block is idiopathic fibrosis of the His-Purkinje system，which occurs with increasing frequency from the seventh decade of life onwards，is associated with sinoatrial disease in up to 25 percent of cases，and results in progressive impairment of atrioventricular conduction.

Atrioventricular block may occur acutely in myocardial infarction. Inferior myocardial infarction predominantly affects atrioventricular nodal conduction by vagal overactivity，and possibly adenosine release from ischemic myocardium. First-degree，type Ⅰ（Wenckebach）second-degree block or third-degree atrioventricular block may occur，but these are commonly transient. Spontaneous recovery of normal conduction generally occurs within 7 to 10 days. By contrast，atrioventricular block secondary to anterior myocardial infarction is normally due to extensive infarction of the interventricular septum involving the left and right bundle branches after the division of the bundle of His. This may result in type Ⅱ second-degree block or complete atrioventricular block，with a lower probability of recovery of normal conduction.

Any drug slowing atrioventricular conduction may potentially produce atrioventricular block. The risk is greater when such drugs are used in combination，the combination of intravenous verapamil in patients already receiving b-adrenoceptor blockers being particularly hazardous. Vagally mediated conduction disturbances occur as a physiological finding in highly trained athletes，or in neurocardiogenic syncope. Atrioventricular conduction disturbances arise in structural congenital heart disease such as endocardial cushion defects，but also as an isolated congenital abnormality，commonly in association with maternal systemic lupus erythematosus.


Management of Bradycardias


Transient increases in sinus rate or the ventricular escape rate in complete atrioventricular block may be obtained with atropine or isoproterenol. However，drug treatment is only of temporary value，and pacing is indicated for persistent bradycardia.


Sinoatrial disease
 ：Pacemaker implantation is indicated for the relief of symptoms. Prognosis is not improved by pacemaker implantation in sinus nodal disease and thus pacemaker implantation in asymptomatic patients is not indicated.


Neurocardiogenic syncope
 ：Patients with carotid sinus hypersensitivity and symptoms of presyncope or syncope should undergo permanent pacemaker implantation.


Atrioventricular conduction disturbances
 ：First-degree AV block produces no symptoms and does not require treatment. The risk of progression from chronic bifascicular block to complete heart block is low，and patients with asymptomatic bifascicular block do not require prophylactic pacemaker implantation. The presence of trifascicular block implies advanced conducting system disease，and permanent pacing should be considered if there are symptoms or evidence of intermittent complete heart block.

Type Ⅰ（Wenckebach）second-degree AV block is normally associated with a reliable subsidiary pacemaker and a low risk of progression to complete heart block. In the majority of instances active treatment is not necessary unless recurrent presyncope or syncope suggest the occurrence of an intermittent higher degree block，requiring consideration of pacemaker implantation. Type Ⅱ second-degree AV block is generally indicative of extensive infranodal conduction abnormality，with a high risk of progression to complete AV block. Most authorities therefore recommend permanent pacemaker implantation even in the absence of symptoms. The presence of complete atrioventricular block，except in the context of an acutely reversible condition，should be regarded as an indication for permanent pacemaker implantation. This is urgent in cases where Stokes-Adams attacks are occurring，but even in asymptomatic patients the prognosis appears to be improved by permanent pacing.


Pacemaker Therapy



Basic principles
 ：The basis of pacemaker therapy is the local depolarization of the myocardium by an electric current passed through an electrode in contact with the heart（atrium or ventricle）. Activation of the remainder of the atria or ventricles occurs by direct cell-to-cell conduction. The minimum current necessary to stimulate the heart during diastole is known as the pacing threshold. Pacemaker systems normally comprise one or more intracardiac catheter electrodes，introduced into the heart via the venous system，and a pulse generator，which contains the circuitry for generating and timing the pacing stimulus，as well as for sensing spontaneous cardiac depolarizations. The pacing stimulus is delivered between the active pole at the tip of the electrode catheter and an indifferent electrode. This is sited either on the same electrode catheter 1 to 2 cm proximal to the tip（bipolar pacing），or utilizes the can of the implanted pulse generator（unipolar pacing）. An essential prerequisite for satisfactory pacing is that the electrode maintains a stable electrical contact with the myocardium. This is most likely to occur when the endocardial surface is trabeculated rather than smooth，and for this reason the standard sites for endocardial atrial and ventricular pacing are the right atrial appendage and the right ventricular apex，respectively.
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Fig.8-9 Dual-chamber permanent pacemaker：Chest radiograph showing the pacemaker generator（in a subcutaneous pocket in the pectoral region）which is connected to electrodes that pass via the left subclavian vein and superior vena cava to the heart. The tips of the electrodes are in the right atrial appendage and the right ventricular apex.



The pulse generator is sited externally for temporary pacing. For permanent pacing，it is usually implanted deep to the subcutaneous fat layer in the prepectoral region. Most pulse generators are powered by lithium batteries and have a life of approximately 5 to 7 years，after which the generator is replaced. Pacemakers normally operate in the demand mode，whereby if spontaneous activation of the cardiac chamber is sensed via the electrode，the delivery of a pacing stimulus is inhibited，and the timer circuit of the generator is reset. Pacing in the fixed rate mode results in the delivery of stimuli regardless of the spontaneous activity of the chamber being paced.


Temporary ventricular pacing
 ：Facilities for radiographic screening，continuous electrocardiographic monitoring，and defibrillation are necessary for the performance of temporary ventricular pacing. The temporary pacing electrode is introduced under aseptic conditions via an intravascular sheath inserted into the subclavian，internal jugular，or femoral vein and passed under radiographic control to the right atrium. The electrode tip is advanced across the tricuspid valve and impacted as distally as possible at the right ventricular apex. Non-sustained ventricular tachycardia，or occasionally ventricular fibrillation，may occur during catheter manipulation. Once the electrode is in an acceptable site，pacing is initiated，and the minimum output necessary to achieve stable ventricular capture is determined. The pacing threshold should normally be less than 1 volt，at a pulse width of between 0.5 and 2 ms. If the pacing threshold is unsatisfactory，the electrode is repositioned until an acceptable site is found. Care should be taken to determine that the electrode is stable by asking the patient to take deep breaths or to cough while pacing at threshold. The electrode is then secured at the site of insertion and the pulse generator set to an output of at least 3 volts above the pacing threshold.


Permanent pacemaker implantation
 ：The technique of permanent pacemaker implantation is essentially similar to that of temporary pacing，except that the electrodes are much more flexible to minimize the risk of late myocardial perforation and they are stiffened by a stylet during manipulation. Insertion is normally via the left subclavian or cephalic vein. Once the electrode is in a satisfactory position，it is secured and connected to the implanted pulse generator. The rate，output voltage，pulse width，and other pacemaker functions can be modified non-invasively by means of telemetry via a transmitter/receiver placed on the skin over the pulse generator.

1. Pacing mode selection：Atrial demand（AAI）pacing is used for sinoatrial disease in the absence of atrioventricular block. Ventricular pacing（VVI）is the simplest and technically easiest mode of pacing，and is required for atrioventricular conduction disturbances. However，VVI pacing does not permit atrioventricular synchrony or an increase in pacing rate in response to an increase in sinus（atrial）rate. Dual-chamber（DDD）pacemakers have electrodes in both the right atrium and ventricle. If the sinus cycle length is greater than the pulse interval，atrial demand pacing occurs. Following the atrial stimulus，a programmable atrioventricular delay commences. If no spontaneous ventricular depolarization is sensed before the end of this interval，a pacing stimulus is delivered via the ventricular electrode. If the sinus cycle length is shorter than the pulse interval，no atrial stimulus is given，but the atrioventricular delay is triggered，followed by spontaneous or paced ventricular activation. By this means，the ventricular rate tracks the atrial rate up to a programmable maximum，allowing the heart to increase its rate in a physiological manner in response to metabolic demand. An alternative，and simpler，approach to achieve a rate response is the use of an activity sensor such as an accelerometer in the pulse generator. Such devices detect bodily movement and increase the pacing rate according to a programmable algorithm. Rate response can be utilized in either single- or dual-chamber pacemakers，and is designated by the suffix “R”（e.g.，AAIR，VVIR，DDDR）.

The advantage of dual-chamber（DDD）pacing over VVI pacing lies in the maintenance of atrioventricular synchrony and rate responsiveness，but this is achieved at the expense of increased complexity，complications，and cost. Observational studies have suggested that dual-chamber pacing reduces the risk of atrial fibrillation by virtue of pacing the atrium and avoiding retrograde atrial activation via the atrioventricular node. Additional suggested benefits include a lower incidence of the pacemaker syndrome and reduction in the risks of stroke，heart failure，and death.

Biventricular pacing is an alternative，nonpharmacologic therapy under active investigation for the treatment of HF.Resynchronization devices with trasvenous lead in the right atrium，right ventricular，and left ventricular（via the coronary sinus）have been implanted in patients to provide atrial triggered biventricular pacing.

2. Complications：Complications of temporary or permanent pacemaker implantation include those of central venous cannulation（for instance，pneumothorax），perforation of the heart by the electrode tip leading to pericardial effusion and cardiac tamponade，and macroscopic or microscopic displacement of the electrode resulting in an increase in the pacing threshold or failure to capture. A chest radiograph should always be taken after pacemaker insertion to exclude pneumothorax and to confirm that the electrode position is satisfactory.

8.5 Tachycardias


Atrial Tachycardia


Atrial tachycardia usually results in an atrial rate between 120 and 250/min. As in atrial flutter，there may be a degree of AV block，although 1∶1 AV conduction may occur. The ECG shows regular P-waves which do not show the same “saw tooth” appearance as in atrial flutter.Atrial tachycardia may occur as a result of sinus node re-entry，when sudden paroxysms of tachycardia with a normal P-wave morphology will arise. Automatic atrial tachycardia manifests an abnormal P-wave morphology，commonly with a longer PR interval. The rate characteristically accelerates or “warms up” before reaching a rate of 125 to 200/min. This arrhythmia is not started or terminated by atrial extrasystoles. Atrial tachycardia with atrioventricular conduction block is a manifestation of digitalis toxicity. Multifocal atrial tachycardia，in which rapid，irregular P-waves of three or four different morphologies are seen，may occur in severely ill elderly patients or in association with acute exacerbation of pulmonary disease.
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Fig.8-10 Atrial tachycardia V1
 .



The approach to management is identical to that of atrial fibrillation. Focal atrial tachycardia can be treated by radiofrequency ablation.


Junctional Re-entry Tachycardias


The majority of regular narrow-complex tachycardias are junctional re-entry tachycardias，which involve the atrioventricular node in the re-entry circuit. Correct recognition of these arrhythmias has achieved additional importance with the development of effective curative measures.


Atrioventricular Nodal Re-entry Tachycardia


This is the commonest cause of paroxysmal re-entry tachycardia manifesting regular，normal QRS complexes. The basis of the arrhythmia is the presence of two functionally distinct pathways in the region of the atrioventricular node. The “fast” pathway conducts more rapidly，but has a longer refractory period. The “slow” pathway has slower conduction properties but a shorter refractory period. During sinus rhythm，atrioventricular nodal conduction occurs via the fast pathway with a normal PR interval. If a sufficiently premature atrial extrasystole arises，conduction in the fast pathway is blocked，but slow pathway conduction may continue，resulting in an abrupt increase in the AH interval as recorded in the His-bundle electrogram and corresponding to an increased PR interval on the surface ECG. Conduction down the slow pathway may be sufficiently tardy to allow the fast pathway to recover excitability before activation reaches the distal end of the pathways，allowing retrograde activation to occur via the fast pathway. The stage is then set for a re-entry circuit with anterograde conduction via the slow pathway and retrograde conduction via the fast pathway（“slow/fast atrioventricular nodal re-entry”）. The arrhythmia circuit is functionally distinct from the atria and ventricles，which may be perturbed by extrastimuli without interruption of the tachycardia. Characteristically，anterograde activation of the ventricles and retrograde activation of the atria occur virtually simultaneously，resulting in the P-wave being “buried” within the QRS complex，or producing a very small distortion of the terminal QRS，which requires careful comparison with the ECG during sinus rhythm. The tachycardia is readily initiated by atrial premature stimulation，and terminated by appropriately timed extrastimuli or by overdrive pacing.

A less common variant of atrioventricular nodal tachycardia may arise where anterograde conduction during tachycardia is via the fast pathway with retrograde conduction via the slow pathway（“fast/slow atrioventricular nodal re-entry”）. Under these circumstances，the atrium is activated well after the QRS complex，characteristically producing an inverted P’ wave with the RP’ interval greater than the P’R interval during tachycardia. Occasionally，slow/fast and fast/slow tachycardias may coexist in the same patient.

Atrioventricular nodal re-entry tachycardia commonly presents for the first time in childhood or adolescence，although it may appear at any age. The natural history is of episodic paroxysmal tachycardia. Attacks occur at random intervals，although clustering of attacks may occur interposed with periods of relative freedom from symptoms. Atrioventricular nodal re-entry tachycardia has no specific association with other organic heart disease. Palpitations are normally well tolerated unless the tachycardia is particularly rapid，prolonged，or if the patient has other heart disease.

Termination of an attack of atrioventricular nodal re-entry tachycardia is achieved by producing a transient AV nodal block. This may be achieved by vagotonic manoeuvres，by intravenous verapamil（5 to 10 mg），or by intravenous adenosine（3 to 12 mg）. Drug prophylaxis of AV nodal re-entry tachycardia is undertaken with β-blockers，a combined β-blocker/class Ⅲ agent such as sotalol，or with atrioventricular nodal blocking drugs such as verapamil or digoxin.

Curative treatment of AV nodal re-entry tachycardia is readily achieved by ablation and is indicated if patients are refractory to drugs，intolerant of side-effects，or unwilling to take long-term medication. Radiofrequency energy is delivered to the “slow” pathway，which lies between the compact atrioventricular node and the tricuspid annulus. Ablation at this site is normally curative but carries a small risk（1 to 2 percent）of inducing complete heart block.


Pre-excitation Syndromes（Wolff-Parkinson-White Syndrome）


The term “pre-excitation” refers to the premature activation of the ventricle via one or more accessory pathways that bypass the normal atrioventricular node and His-Purkinje system. The commonest of the pre-excitation syndromes is the Wolff-Parkinson-White syndrome，in which accessory pathways with electrophysiological properties of normal myocardium may lie at any point in the atrioventricular ring，the commonest sites being in the left free wall and the posteroseptal region. The characteristic electrocardiographic appearance is of early activation of the myocardium adjacent to the ventricular insertion of the accessory pathway. There is no atrioventricular delay，hence the PR interval is shortened，but slow intraventricular conduction results in slurred initiation of the QRS complex（the delta wave），although the remainder of the ventricle is excited via the normal His-Purkinje system. The ECG appearances of a delta wave occur in approximately 1.5 per 1000 of the population，but many individuals never experience paroxysmal tachycardias. The degree of pre-excitation during sinus rhythm is variable：it may be intermittent if the refractory period of the accessory pathway is close to the sinus cycle length，or inapparent if the delta wave is obscured due to rapid AV nodal conduction. In such instances，
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Fig.8-11 pre-excitation in Wolff-Parkinson-White syndrome.



transient slowing of AV nodal conduction（for example，by adenosine）will enhance the proportion of the ventricle excited by the accessory pathway and reveal pre-excitation.

In many instances，accessory pathways conduct only in the retrograde（ventriculoatrial）direction，and do not cause ventricular pre-excitation. Such pathways are termed concealed，since there is no clue to their presence on the resting ECG. These patients are not at risk of pre-excited atrial fibrillation（see below），but either overt or concealed accessory pathways can lead to episodes of atrioventricular re-entry tachycardia.


Atrioventricular Re-entry Tachycardia


A premature atrial extrasystole may find the accessory pathway refractory，but be conducted through the atrioventricular node to the ventricles. If sufficient delay has occurred by the time the ventricular insertion of the accessory pathway is depolarized，the pathway will have recovered excitability and allow retrograde activation from the ventricle to atrium，with the establishment of a re-entry circuit. Since the circuit involves activation of the ventricles via the His-Purkinje system，the QRS morphology during re-entry tachycardia is normal，unless a rate-related，bundle-branch block develops. Retrograde atrial activation can be identified by the presence of a characteristic inverted P’ wave early in the ST segment，an important diagnostic feature of atrioventricular tachycardia.


Pre-excited Atrial Fibrillation


The major prognostic concern in Wolff-Parkinson-White syndrome is pre-excited atrial fibrillation. Conduction via an accessory pathway with a short refractory period，bypassing the normal AV nodal slowing，results in very rapid ventricular conduction that may degenerate into ventricular fibrillation. The degree of pre-excitation during atrial fibrillation varies，giving a characteristic pattern of an irregular ventricular response with QRS morphology ranging from normal to fully pre-excited.


Management of Patients with Accessory Pathways


Patients with symptomatic Wolff-Parkinson-White syndrome are increasingly offered radiofrequency ablation as first-line therapy. This approach abolishes the risk of pre-excited atrial fibrillation as well as preventing further attacks of atrioventricular re-entry tachycardia.

Radiofrequency ablation is indicated in patients with tachycardias due to concealed accessory pathways if they are not well controlled on drugs，intolerant of side-effects，or unwilling to take long-term medication. Localization of the accessory pathway is performed as described above，except that mapping is performed during ventricular pacing or during stable atrioventricular tachycardia，and the earliest site of retrograde atrial activation at the atrioventricular annulus is the site of ablation.


Ventricular Tachyarrhythmias


Ventricular tachycardia is defined as the presence of three or more consecutive ventricular beats at a rate of 120 per min or greater. Ventricular tachycardia is considered sustained if an individual salvo lasts for 30 s or more，and non-sustained if the duration is between 3 beats and 30 s. Monomorphic ventricular tachycardia demonstrates a consistent QRS morphology during each paroxysm，although patients may have paroxysms of monomorphic ventricular tachycardia of different morphologies at different times. Polymorphic ventricular tachycardia demonstrates a constantly changing QRS morphology，often without discrete QRS complexes. Polymorphic ventricular tachycardia may degenerate into ventricular fibrillation and the electrocardiographic distinction between the two is difficult. Torsade de pointes is a characteristic type of polymorphic ventricular tachycardia with a typical undulating variation in QRS morphology as a result of variation in axis. The term is reserved for the arrhythmias arising in association with QT interval prolongation.


Sustained Monomorphic Ventricular Tachycardia
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Fig.8-12 Sustained monomorphic ventricular tachycardia. capture beatsore diagnostie of VT.



ECG characteristics：The presence of atrioventricular dissociation is a particularly important feature to seek in a wide-complex tachycardia as it makes the diagnosis of ventricular tachycardia virtually certain. A careful search for P-waves perturbing the QRS complex or T-waves are necessary，ideally using multichannel recordings. Occasionally，a fortuitously timed P-wave allows the development of a capture beat of normal QRS morphology without interrupting the tachycardia. A fusion beat occurs when activation of the ventricle is partly via the normal His-Purkinje system and partly from the tachycardia focus. Fusion and capture beats are diagnostic of ventricular tachycardia，but are commonly present only if the ventricular rate is relatively slow. Where dissociated P-wave activity cannot be recognized with certainty on the surface ECG，direct recording of atrial activity by an esophageal or right atrial electrogram may aid the diagnosis. Although atrioventricular dissociation is diagnostic of ventricular tachycardia，it is not invariable. Retrograde ventriculoatrial conduction may occur，giving either 1∶1 conduction or higher degrees of block.

The QRS duration in ventricular tachycardia is commonly greater than 0.12 s，and values greater than 0.14 s are particularly suggestive of ventricular tachycardia. Although the QRS morphology may superficially resemble left or right bundle-branch block，the morphology is commonly atypical. Ventricular tachycardia arising from the right ventricular free wall has a left bundle-branch block-like pattern，whilst left ventricular free wall tachycardia show right bundle-branch block morphology. The presence of concordant positive or negative QRS complexes across the chest leads is suggestive of ventricular tachycardia，as is the existence of extreme axis deviation.

Sustained ventricular tachycardia is a medical emergency. If the patient is pulseless or unconscious，immediate DC cardioversion is necessary. If the patient is conscious but hypotensive，urgent DC cardioversion under general anaesthesia or deep sedation is used. Haemodynamically tolerated tachycardia may be terminated by drug therapy. The commonest agent used is intravenous lidocaine 100 mg，repeated if necessary after 5 min. Sotalol 1.5 mg/kg intravenously is more effective，but its use is restricted by its negative inotropic action. Amiodarone normally has a slow onset of action but may be effective if the tachycardia is well tolerated. All antiarrhythmic drugs have significant negative inotropic actions that may further impair the haemodynamic status of the patient if sinus rhythm is not restored. For this reason，no more than one antiarrhythmic drug should normally be given before recourse to alternative therapy，usually DC cardioversion. Overdrive termination of ventricular tachycardia following insertion of a temporary pacing lead may be effective，particularly if the tachycardia is relatively slow. Facilities for cardioversion must be available in view of the risk of acceleration or degeneration into ventricular fibrillation.


Prophylaxis of ventricular tachycardia
 ：Ventricular tachycardia is a potentially life-threatening condition. Unless the acute episode was clearly precipitated by some transient or reversible factor，there is a high probability of recurrent attacks，which may result in sudden death rather than a sustained tachycardia.

Radiofrequency ablation is used in the management of ventricular tachycardia，particularly in right ventricular outflow tract or fascicular tachycardia. Location and ablation of critical areas of slow conduction in ventricular tachycardias due to previous myocardial infarction are feasible but technically difficult，with lower rates of success than for other types of ablation.
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Fig.8-13 Non-sustained ventricular tachycardia.



Non-sustained ventricular tachycardia：The mechanism and causes of non-sustained ventricular tachycardia are similar to those of sustained ventricular tachycardia. There is often slight variation in the RR interval，particularly if the salvo involves only a few beats. Short salvoes of non-sustained ventricular tachycardia are often asymptomatic；more prolonged episodes may result in dizziness or presyncope，and occasionally in syncope. Apart from the instances where non-sustained ventricular tachycardia produces troublesome symptoms，the major clinical significance of the arrhythmia is as a risk marker for sustained ventricular tachycardia or sudden cardiac death.

2. Management：The management of non-sustained ventricular tachycardia involves the identification of underlying organic heart disease，as described in the section on sustained monomorphic ventricular tachycardia. Patients should be evaluated non-invasively by echocardiography or radionuclide ventriculography. If no significant organic heart disease is present，and the patient is asymptomatic，no treatment is indicated. Treatment of symptoms in the absence of significant heart disease should be with β-blockers in the first instance to minimize the risk of proarrhythmic reactions. Calcium-channel blockers are effective occasionally and may be tried. Failing these，sotalol or a class Ⅰ agent may be necessary.

Patients with structural heart disease but well-preserved ventricular function and a normal signal-averaged electrocardiogram are at low risk of sustained ventricular tachycardia and may be treated empirically with β-blockers. If non-sustained ventricular tachycardia is associated with impaired ventricular function，there is likely to be a substrate for sustained ventricular tachyarrhythmias. Patients in whom sustained ventricular tachycardia or fibrillation is inducible have an improved survival following defibrillator implantation compared with patients treated medically.

Low-dose amiodarone therapy has been recommended in the management of patients with hypertrophic cardiomyopathy and non-sustained ventricular tachycardia，although the evidence for its efficacy is based on comparison with historical controls rather than on a randomized prospective study.


Accelerated idioventricular rhythm
 ：The term “accelerated idioventricular rhythm” is used to describe a continuous ventricular rhythm with a rate less than 120/min. Idioventricular rhythm commonly occurs in the setting of acute myocardial infarction and appears to be a marker of successful thrombolytic therapy. No active treatment is necessary.


Polymorphic ventricular tachycardia
 ：Polymorphic ventricular tachycardia is an unstable rhythm with varying QRS morphology. It is most commonly seen in the acute phase of myocardial infarction and is due to unstable re-entry circuits. As such，it commonly undergoes spontaneous termination，although it may degenerate into ventricular fibrillation. If episodes of polymorphic ventricular tachycardia are frequent in the early hours of myocardial infarction，they can be suppressed by intravenous lidocaine. However，short，infrequent episodes are commonly left untreated.

The Brugada syndrome is an autosomal dominant condition due to a mutation of one of the genes encoding the rapid sodium channel（SCN5a），causing partial inactivation. There is an unusual pattern of variable ST-segment elevation and partial right bundle-branch block in the right precordial leads，associated with a risk of polymorphic ventricular tachycardia and sudden death.


Torsade de pointes and the long QT syndromes


ECG characteristics：Torsade de pointes is an atypical ventricular tachycardia characterized by a continuously varying QRS axis（“twisting of points”）Episodes of torsade de pointes are commonly repetitive and normally self-terminating，although they may degenerate into ventricular fibrillation. Paroxysms of torsade de pointes are associated in the preceding beats with evidence of marked QT prolongation，and frequently with morphological abnormalities of the T-waves such as T-U fusion，gross increases in T-wave amplitude，or T-wave alternans. Paroxysms of torsade de pointes in the congenital syndromes are often associated with increases in sinus rate，while in the acquired syndromes a slowing of the heart rate，and in particular a postextrasystolic pause，is often associated with initiation of the arrhythmia. This produces a characteristic “short-long-short” sequence of initiation. The combination of QT interval prolongation during sinus rhythm with intermittent torsade de pointes is described as the long QT syndrome.
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Fig.8-14 Torsade de pointes.



Acute management of torsade de pointes：Withdrawal of any offending drugs and correction of electrolyte abnormalities are recommended in patients presenting with torsades de pointes.Acute and long-term pacing is recommended for patients presenting with torsades de pointes due to heart block and symptomatic bradycardia. Management with IV magnesium sulfate is reasonable for patients who present with long QT syndrome（LQTS）and few episodes of torsades de pointes. Magnesium is not likely to be effective in patients with a normal QT interval. Acute and long-term pacing is reasonable for patients who present with recurrent pause-dependent torsades de pointes.Beta-blockade combined with pacing is reasonable acute therapy for patients who present with torsades de pointes and sinus bradycardia. Isoproterenol is reasonable as temporary treatment in acute patients who present with recurrent pause-dependent torsadesde pointes who do not have congenital LQTS. Potassium repletion to 4.5 to 5 mmol/L may be considered for patients who present with torsades de pointes.IV lidocaine or oral mexiletine may be considered in patients who present with LQTS and torsades de pointes.


Ventricular fibrillation and cardiac arrest
 ：Ventricular fibrillation may represent the endpoint of cardiac disease of many aetiologies. Fibrillation may occur during acute myocardial ischemia，and is the principal cause of death in the first 2 hours following acute myocardial infarction. Ventricular fibrillation during myocardial infarction is subdivided into primary，occurring without warning in an otherwise stable patient，and secondary，where fibrillation occurs in the context of left ventricular failure and cardiogenic shock. In acute myocardial infarction，ventricular fibrillation is often initiated by an R on T extrasystole. Ventricular fibrillation occurring in chronic heart disease is most commonly a result of degeneration of rapid ventricular tachycardia，whose causes have been described above. Ventricular fibrillation is rarely self-terminating，and normally causes cardiac arrest with the rapid onset of pulselessness，unconsciousness，and apnoea.

Management of cardiac arrest due to ventricular fibrillation.

After establishing the presence of definite，suspected，or impending cardiac arrest，the first priority should be activation of a response team capable of identifying the specific mechanism and carrying out prompt intervention. Cardiopulmonary resuscitation（CPR）should be implemented immediately after contacting a response team. For victims with ventricular tachyarrhythmia mechanisms of cardiac arrest，when recurrences occur after a maximally defibrillating shock（generally 360 Joules for monophasic defibrillators），intravenous amiodarone should be the preferred antiarrhythmic drug for attempting to achieve a stable rhythm after further defibrillations. Reversible causes and factors contributing to cardiac arrest should be managed during advanced life support，including management of hypoxia，electrolyte disturbances，mechanical factors，and volume depletion.

8.6 Extrasystoles

The term extrasystole is used to describe a premature beat arising from a focus other than the sinus node. Extrasystoles are also described as premature beats，premature contractions，premature depolarizations，or ectopic beats.


Atrial Extrasystoles
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Fig.8-15 Atrial extrasystoles. An atrial extrasystole，with an abnormal P-wave at the end of the preceding T wave，occurs following a sinus beat.



Atrial extrasystoles are recognized by a premature P-wave of different morphology from the sinus P-wave，which can be hidden within the ST segment or T wave of the preceding sinus beat. Premature atrial extrasystoles that occur before full recovery of the atrioventricular node will be followed by prolongation of the PR interval，or，if sufficiently premature，complete failure of conduction. Non-conducted atrial extrasystoles must be distinguished from sinus arrest or second-degree atrioventricular block.

Atrial extrasystoles are a common finding in healthy people，particularly with increasing age，but are more frequent in the presence of increased atrial pressure or stretch such as in cardiac failure or chronic mitral valve disease.Patients should be reassured that the arrhythmia is benign and that drug treatment is rarely necessary.
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Fig.8-16 Junctiona1 extrasystoles



If treatment is required on symptomatic grounds，β-adrenergic blockers may be used，but class Ⅰ antiarrhythmic drugs should be avoided in view of their proarrhythmic risk.


Junctional Extrasystoles


Junctional extrasystoles are identified by the appearance of a premature，normal QRS complex in the absence of a preceding atrial extrasystole. The atria as well as the ventricles may be activated，resulting in an inverted P-wave simultaneous with the QRS complex，or inscribed within the ST segment. The significance and management of junctional extrasystoles are similar to those of atrial extrasystoles.


Ventricular Extrasystoles


Ventricular extrasystoles are identified by bizarre wide QRS complexes not preceded by a P wave. There is often ST segment depression and T wave inversion. Ventricular extrasystoles commonly bear a constant coupling interval to the previous QRS complex. Retrograde activation through the AV node may occasionally produce an inverted P wave. Ventricular extrasystoles may be intermittent，or occur with a fixed association to the preceding normal beats，i.e. 1∶2，1∶3（bigeminy or trigeminy）. Where extrasystoles are of differing morphologies the term multifocal is used. Two extrasystoles in a row are described as a couplet，and three or more in succession as a salvo. Occasionally，a focus may arise which discharges at its own intrinsic rate，independent of the preceding QRS complex，with variable myocardial capture. This arrhythmia，termed parasystole，results in extrasystolic beats which bear no consistent relationship to the preceding QRS complex.
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Fig.8-17 Ventricular extrasystole



Ventricular extrasystoles can occur in otherwise normal hearts，but are found particularly in the presence of structural heart disease. They occur commonly in the acute phase of myocardial infarction，but also in the postinfarction phase，in the presence of severe left ventricular hypertrophy，hypertrophic cardiomyopathy，or congestive heart failure. Symptoms require treatment in a minority of cases. Frequent ventricular extrasystoles（＞10/h）are an independent risk factor for mortality，particularly sudden death，after myocardial infarction. Frequent extrasystoles also confer an adverse prognosis in congestive cardiac failure. There is at present no convincing evidence that suppression of asymptomatic extrasystoles in any clinical context is associated with an improvement in prognosis，with the possible exception of the use of amiodarone in dilated cardiomyopathy. If extrasystoles require suppression on symptomatic grounds，the safest option is β-blockade.

8.7 Atrial fibrillation and atrial flutter

Atrial fibrillation is a supraventricular tachyarrhythmia characterized by uncoordinated atrial activation with consequent deterioration of mechanical function. Trial fibrillation（AF）is the most common sustained cardiac rhythm disturbance，increasing in prevalence with age.AF is often associated with structural heart disease although a substantial proportion of patients with AF have no detectable heart disease，haemodynamic impairment and thromboembolic events related to AF result in significant morbidity，mortality，and cost.


Mechanism


Atrial fibrillation is the commonest sustained tachycardia. The underlying mechanism is thought to be re-entry in most instances，with multiple wavelets circulating through the atria. Studies of patients with frequent paroxysmal “lone” atrial fibrillation suggest that the arrhythmia may be triggered by one or more rapidly discharging foci，which are commonly situated in the pulmonary veins. Such patients often have frequent premature “P-on-T” atrial extrasystoles on ambulatory ECG monitoring.


Classification of AF


Various classification systems have been proposed for AF based on the ECG pattern，epicardial or endocavitary recordings，mapping of atrial electrical activity or clinical features. Although the pattern of AF can change over time，it may be helpful to characterize the arrhythmia at a given moment. The classifications scheme recommended here represents a consensus driven by a desire for simplicity and clinical relevance.


First detected AF
 ：The clinician should distinguish a first-detected episode of AF，whether or not symptomatic or self-limited，recognizing the uncertainty about the actual duration of the episode and about previous undetected episodes. Recurrent AF after two or more episodes，AF is considered recurrent.


Paroxysmal
 ：If the arrhythmia terminates spontaneously，recurrent AF is designated paroxysmal；when sustained beyond 7 days，it is termed persistent.


Persistent
 ：Termination with pharmacological therapy or direct current cardioversion does not alter the designation. First detected AF may be either paroxysmal or persistent.


Permanent
 AF：The category of persistent AF also includes cases of long-standing AF（e.g. greater than one year），usually leading to permanent AF，in which cardioversion has failed or has been foregone.


Epidemiology and Prognosis


AF is the most common arrhythmia in clinical practice，accounting for approximately one-third of hospitalizations for cardiac rhythm disturbances. An estimated 2.3 million people in North America and 4.5 million in the European Union have paroxysmal or persistent AF.During the last 20 years，hospital admissions for AF have increased by 66% due to the aging of the population，a rising prevalence of chronic heart disease，more frequent diagnosis through use of ambulatory monitoring devices and other factors.


Clinical Features of Atrial Fibrillation


The prevalence of atrial fibrillation increases with advancing age and may be as high as 5 percent in the elderly. There are numerous causes of the arrhythmia，but in many instances no obvious aetiological factor can be identified，and the individual is described as having “lone” atrial fibrillation. Atrial fibrillation carries adverse prognostic significance，due in part to its association with organic heart disease. In addition，atrial fibrillation is an important risk factor for the development of stroke and systemic embolism as a result of stasis and thrombus formation in the left atrium.

Atrial fibrillation results in loss of the atrial contribution to left ventricular filling，which results in a modest reduction in cardiac output. In the presence of impaired ventricular function this can result in a worsening of heart failure. More commonly，symptoms and impairment of left ventricular function（“tachycardiomyopathy”）arise as a result of a rapid uncontrolled ventricular rate. In addition，uncontrolled atrial fibrillation can cause further impairment of ventricular filling in conditions associated with left ventricular diastolic dysfunction，or the development of angina in patients with coexisting coronary artery disease.


Electrocardiogram


The characteristic ECG findings in atrial fibrillation of recent onset are of rapid，irregular “f” waves at a rate of 350 to 600/min. These are associated with an irregular ventricular response because of variable conduction through the AV node. With increasing duration of chronic atrial fibrillation，the amplitude of the “f” waves diminishes until they are no longer visible. Under these circumstances，atrial fibrillation is diagnosed by the absence of P-waves and the irregular ventricular response.
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Fig.8-18 Atrial fibrillation：（a）Coarse atrial fibrillation of recent onset.（b）Fine atrial fibrillation in a patient with long-standing valvular disease. Surface V1 leads are shown.




Echocardiogram


Echocardiogram to identify Valvular heart disease，LA and RA atrial size，LV size and function，Peak RV pressure（pulmonary hypertension），LV hypertrophy，LA thrombus（transesophageal echocardiography）and pericardial disease.


Blood Tests


Blood Tests of thyroid，renal，and hepatic function for a first episode of AF，when the ventricular rate is difficult to control，one or several tests may be necessary.


Treatment


Management of patients with AF involves three，not mutually exclusive，objectives：Rate control prevention of thromboembolism Correction of the rhythm disturbance. The initial management involves primarily a rate or rhythm control strategy. Under the rate control strategy，the ventricular rate is controlled with no commitment to restore or maintain sinus rhythm while the rhythm control strategy attempts restoration and/or maintenance of sinus rhythm. The latter strategy also requires attention to rate control. Depending on the patient’s course，the strategy initially chosen may prove unsuccessful and the alternate strategy is then adopted. Regardless of whether the rate control or rhythm control strategy is pursued，attention must also be directed to antithrombotic therapy for prevention of thromboembolism.

Management of patients with AF requires knowledge of its pattern of presentation（paroxysmal，persistent，or permanent）underlying conditions and decisions about restoration and maintenance of sinus rhythm，control of the ventricular rate，and antithrombotic therapy. Due to scarcity of data from randomized trials of antiarrhythmic medications for treatment of patients with AF，the drug-selection algorithms were developed by consensus and are subject to revision as additional evidence emerges.


Pharmacological rate control during AF
 ：Measurement of the heart rate at rest and control of the rate using pharmacological agents are recommended for patients with persistent or permanent AF.In the absence of pre-excitation，intravenous administration of a beta-blockers（esmolol，metropolol，or propanolol）or diltiazem or verapamil is recommended to slow the ventricular response to AF in the acute setting，exercising caution in patients with hypotension or HF. Intravenous administration of digoxin or amiodarone is recommended to control the heart rate in patients with AF and HF who do not have an accessory pathway. In patients who experience symptoms related to AF during activity，the adequacy of heart rate control should be assessed during exercise，adjusting pharmacological treatment as necessary to keep the rate in the physiological range. Digoxin is effective following oral administration to control the heart rate at rest in patients with AF and is indicated for patients with HF or LV dysfunction or for sedentary individuals. A combination of digoxin and either a beta-blocker or diltiazem or verapamil is reasonable to control the heart rate both at rest and during exercise in patients with AF.


Preventing thromboembolism
 ：Antithrombotic therapy to prevent thromboembolism is recommended for all patients with AF，except those with lone AF or contraindications. The antithrombotic agent should be chosen based upon the absolute risks of stroke and bleeding and the relative risk and benefit for a given patient. For patients at high risk of stroke，chronic oral anticoagulant therapy with a vitamin K antagonist（INR 2.0 to 3.0）is recommended，unless contraindicated. Factors associated with highest risk for stroke in patients with AF are prior stroke，TIA，or systemic embolism，rheumatic mitral stenosis and a mechanical prosthetic heart valve.

For patients with nonvalvular AF who have one or more of the less well-validated risk factors（age 65—74 years，female gender，or CAD），treatment with either aspirin or a vitamin K antagonist is reasonable. It is reasonable to select antithrombotic therapy using the same criteria irrespective of the pattern（paroxysmal，persistent，or permanent）of AF.In patients with AF without a mechanical prosthetic heart valve，it is reasonable to interrupt anticoagulation for up to one week for procedures that carry a risk of bleeding. It is reasonable to re-evaluate the need for anti- coagulation at regular intervals.


Pharmacological cardioversion
 ：Administration of flecainide，dofetilide，propafenone，or ibutilide is recommended for pharmacological cardioversion of AF.Administration of amiodarone is reasonable for pharmacological cardioversion of AF.A single oral dose of propafenone or flecainide（“pill-in-the-pocket”）can be used to terminate persistent AF out of hospital for selected patients once treatment has proved safe in hospital. Before antiarrhythmic medication is initiated，a beta-blocker，diltiazem or verapamil should be given to prevent rapid AV conduction. Amiodarone can be beneficial on an outpatient basis in patients with paroxysmal or persistent AF when rapid restoration of sinus rhythm is unnecessary.Digoxin and sotalol are not recommended for pharmacological cardioversion of AF. Quinidine，procainamide，disopyramide，and dofetilide should not be started out of hospital for conversion of AF.


Direct-current cardioversion
 ：When a rapid ventricular response to AF does not respond promptly to pharmacological measures，immediate direct-current cardioversion is recommended for patients with myocardial ischemia，symptomatic hypotension，angina，or HF.Immediate direct-current cardioversion is recommended for patients with pre-excitation when AF occurs with extreme tachycardia or haemodynamic instability.Cardioversion is recommended when symptoms of AF are unacceptable to the patient. Frequent direct-current cardioversion is not recommended for patients with relatively short periods of sinus rhythm after multiple cardioversion procedures despite prophylactic antiarrhythmic drug therapy. Electrical cardioversion is contraindicated in patients with digitalis toxicity or hypokalemia.

Pharmacological Enhancement of Direct-Current Cardioversion Pretreatment with amiodarone，flecainide，ibutilide，propafenone，or sotalol can be useful to enhance direct-current cardioversion and prevent recurrent AF. In patients who relapse to AF after successful cardioversion，it can be useful to repeat the procedure following administration of antiarrhythmic medication. For patients with persistent AF，administration of beta-blockers，disopyramide，diltiazem，dofetilide，procainamide，or verapamil may be considered，although the efficacy of these agents to enhance the success of direct-current cardioversion or to prevent early recurrence of AF is uncertain. Out-of-hospital initiation of antiarrhythmic medications may be considered in patients without heart disease to enhance the success of cardioversion of AF. Out-of-hospital administration of antiarrhythmic medications may be considered to enhance the success of cardioversion of AF in patients with certain forms of heart disease，once the safety of the drug has been verified for the patient.

Prevention of Thromboembolism in Patients With Atrial Fibrillation Undergoing Cardioversion For patients with AF of 48h duration or longer，or when the duration of AF is unknown，anticoagulation（INR 2.0 to 3.0）is recommended for at least 3 weeks prior to and 4 weeks after cardioversion，regardless of the method used to restore sinus rhythm. For patients with AF of more than 48h duration requiring immediate cardioversion because of haemodynamic instability，heparin should be administered concurrently by an initial intravenous injection followed by a continuous infusion（aPTT 1.5 to 2 times control）.Thereafter oral anticoagulation（INR 2.0 to 3.0）should be provided for at least 4 weeks，as for elective cardioversion. Limited data support subcutaneous low molecular weight heparin. For patients with AF of less than 48h duration associated with haemodynamic instability，cardioversion should be performed immediately without anticoagulation.

During the 48 h after onset of AF，the need for anticoagulation before and after cardioversion may be based on the patient’s risk of thromboembolism. As an alternative to anticoagulation prior to cardioversion of AF，it is reasonable to perform transoesophageal echocardiography in search of thrombus. For patients with no identifiable thrombus，cardioversion is reasonable immediately after anticoagulation. Thereafter，continuation of oral anticoagulation（INR 2.0 to 3.0）is reasonable for at least 4 weeks，as for elective cardioversion. Limited data are available to support subcutaneous low molecular weight heparin in this indication. For patients in whom thrombus is identified，oral anticoagulation（INR 2.0 to 3.0）is reasonable for at least 3 weeks before and 4weeks after restoration of sinus rhythm，and longer anticoagulation may be appropriate after apparently successful cardioversion，because the risk of thromboembolism often remains elevated in such cases. For patients with atrial flutter undergoing cardioversion，anticoagulation can be beneficial according to the recommendations as for patients with AF.


Maintenance of sinus rhythm
 ：Before initiating antiarrhythmic drug therapy，treatment of precipitating or reversible causes of AF is recommended. Pharmacological therapy can be useful in patients with AF to maintain sinus rhythm and prevent tachycardia-induced cardiomyopathy.Infrequent，well-tolerated recurrence of AF is reasonable as a successful outcome of antiarrhythmic drug therapy. Outpatient initiation of antiarrhythmic drug therapy is reasonable in patients with AF who have no associated heart disease when the agent is well tolerated. In patients with lone AF without structural heart disease，propafenone or flecainide can be beneficial on an outpatient basis in patients with paroxysmal AF who are in sinus rhythm at the time of drug initiation.

Sotalol can be beneficial in outpatients in sinus rhythm with little or no heart disease prone to paroxysmal AF if the baseline uncorrected QT interval is less than 460 ms，electrolytes are normal，and risk factors associated with proarrhythmia are absent. Catheter ablation is a reasonable alternative to pharmacological therapy to prevent recurrent AF in symptomatic patients with little or no left atrial enlargement.

Antiarrhythmic therapy with a particular drug is not recommended for maintenance of sinus rhythm in patients with AF who have risk factors for proarrhythmia with that agent. Pharmacological therapy is not recommended for maintenance of sinus rhythm in patients with advanced sinus node disease or AV node dysfunction unless they have a functioning pacemaker.


Postoperative Atrial Fibrillation


Unless contraindicated，an oral beta-blocker is recommended to prevent postoperative AF for patients undergoing cardiac surgery.AV nodal blocking agents are recommended for rate control in patients who develop postoperative AF. Preoperative amiodarone reduces the incidence of AF in patients undergoing cardiac surgery and represents appropriate prophylactic therapy for patients at high risk for postoperative AF. It is reasonable to restore sinus rhythm by pharmacological cardioversion with ibutilide or direct current cardioversion in patients who develop postoperative AF. Antiarrhythmic medication is reasonable to maintain sinus rhythm in patients with recurrent or refractory postoperative AF. Antithrombotic medication is reasonable in patients who develop postoperative AF.


Atrial Flutter
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Fig.8-19 Atrial flutter with 2∶1 AV conduction to 4∶1 conduction.



Atrial flutter is caused by a macro re-entrant circuit in the right atrium，which produces a typical electrocardiographic “saw tooth” pattern of atrial activity with a rate close to 300/min. In the common form of the arrhythmia，flutter waves are negative in leads Ⅱ，Ⅲ，and aVF and positive in lead V1
 . Atrial flutter may be associated with either a regular or irregular ventricular response. Flutter with 2∶1 atrioventricular conduction produces a regular tachycardia of 150/min and should always be considered in the differential diagnosis of a regular，narrow-QRS tachycardia of this rate. Occasionally，flutter occurs with 1∶1 atrioventricular conduction producing a ventricular rate approaching 300/min. The flutter waves may not be seen easily with faster ventricular rates，and transient slowing of AV conduction may be necessary to make the diagnosis.

The underlying causes of atrial flutter are the same as those of atrial fibrillation. Although atrial flutter may last for many months or occasionally years，it usually degenerates into chronic atrial fibrillation unless cardioversion is undertaken. Atrial flutter also carries a risk of thromboembolism，and anticoagulation is indicated before and after cardioversion as for atrial fibrillation.

It is important to attempt to terminate atrial flutter since the ventricular rate is often poorly controlled by atrioventricular nodal blocking drugs. Termination may be achieved by chemical or electrical cardioversion as described above for atrial fibrillation. Bursts of atrial overdrive pacing at a rate approximately 10 percent above the atrial flutter rate are also used：this may restore sinus rhythm or precipitate atrial fibrillation. Prophylaxis against atrial flutter is undertaken using the same agents as in paroxysmal atrial fibrillation，indeed the conditions often coexist and patients may manifest either flutter or fibrillation at different times.

Curative treatment of atrial flutter by radiofrequency ablation can be achieved by creating a line of conduction block between the tricuspid valve annulus and the inferior vena cava. This interrupts the isthmus through which the re-entry circuit must pass.

8.8 Treatment of cardiac arrhythmias

Many cardiac arrhythmias are benign and require no intervention. The main indications for treatment are the relief of symptoms，prevention of complications such as myocardial ischemia，cardiac failure，or embolism，or an attempt to prevent arrhythmic sudden death.


Antiarrhythmic Drug Therapy


All antiarrhythmic drugs have potentially serious side-effects. They may worsen existing arrhythmias or produce new，possibly life-threatening ones（proarrhythmia），and the possibility of a proarrhythmic response should be borne in mind as part of the risk-benefit assessment whenever such drugs are prescribed.

The Vaughan Williams classification is based on the effects of anti-arrhythmic drugs in isolated tissue.


Class Ⅰ activity
 ：Class Ⅰ antiarrhythmic drugs act by inhibiting the rapid inward sodium current and have local anaesthetic activity. Class Ⅰa agents（for example，quinidine，procainamide，and disopyramide）increase the action potential duration and have intermediate effects on the onset and recovery kinetics of the sodium channel and hence on intracardiac conduction. Class Ⅰb agents（for example，lidocaine and mexiletine）shorten the cardiac action potential duration and have very rapid offset kinetics that results in minimal slowing of normal intracardiac conduction. Class Ⅰc drugs（for example，flecainide and propafenone）have no major effect on action potential duration，but produce the most long-lasting effect on cardiac sodium channel kinetics and the most marked slowing of intracardiac conduction.


Class Ⅱ activity
 ：Class Ⅱ activity is defined as antagonism of the arrhythmogenic effects of catecholamines. The commonest agents in this class are the competitive b-adrenoreceptor blockers.


Class Ⅲ activity
 ：The class Ⅲ mode of antiarrhythmic activity comprises lengthening of the cardiac action potential duration and hence of the effective refractory period. Drugs in this class possess a broad spectrum of activity against atrial，supraventricular，and ventricular arrhythmias. Currently available class Ⅲ agents act by inhibiting the rapid component of the outward potassium current Ikr
 . Dofetilide and ibutilide are examples of drugs with “pure” class Ⅲ antiarrhythmic actions. Sotalol is a non-selective b- adrenoceptor antagonist that also possesses class Ⅲ activity. Amiodarone possesses antiarrhythmic activity in all four Vaughan Williams classes.


Class Ⅳ activity
 ：Class Ⅳ drugs（for example，verapamil and diltiazem）reduce the inward calcium current ICa
 in sinoatrial and atrioventricular nodal tissues. They are used to prevent or interrupt re-entry arrhythmias involving the atrioventricular node（for example，atrioventricular nodal re-entry tachycardia），or to slow the ventricular response in atrial fibrillation or flutter. The dihydropyridine calcium antagonists such as nifedipine have no antiarrhythmic action.


Digoxin
 ：The antiarrhythmic activity of digoxin is not explained within the Vaughan Williams classification. Although its inotropic actions are based on inhibition of cardiac Na+
 -K+
 ATPase，the antiarrhythmic activity appears to be mediated predominantly through vagal stimulation. Digoxin is used to slow ventricular rate in atrial fibrillation.


Adenosine
 ：Adenosine，a naturally occurring purine nucleoside，is used pharmacologically to produce transient slowing or block of the sinus node or atrioventricular node，and is effective for the termination of re-entry arrhythmias involving the atrioventricular node. Adenosine is of particular value in view of its extremely short plasma half-life（about 2 s），which confers safety. It must be administered by rapid intravenous bolus injection，using incremental doses from 3 to 12 mg，to achieve the desired therapeutic effect.


Non-pharmacological Therapy



Physical manoeuvres
 ：Tachycardias involving the atrioventricular node may be terminated by manoeuvres that produce transient vagal stimulation，and patients with recurrent supraventricular tachycardias should be taught to perform these techniques in order to abort attacks and avoid the need for hospital treatment. The Valsalva manoeuvre，performed in the supine position，is the most effective technique.


External cardioversion/defibrillation
 ：R-wave synchronized，direct current cardioversion under general anaesthesia or deep sedation is the most effective and immediate means of terminating sustained tachycardias，and is commonly used in the termination of atrial flutter，atrial fibrillation，or sustained ventricular tachycardia. Although atrial flutter may respond to low-energy cardioversion（50 to 100 joules），the other arrhythmias normally require energies of 100 to 360 joules for termination.


Implantable cardiovertor-defibrillators
 ：Patients identified as being at high risk of sudden cardiac death，owing to a history of spontaneous or inducible sustained ventricular arrhythmias or out-of-hospital cardiac arrest may be treated with an implantable cardioverter-defibrillator（ICD）. However，these devices are expensive，complex，and require regular specialist follow-up.


Radiofrequency ablation
 ：Selective ablation of part of a re-entry circuit，an arrhythmic focus，or of the atrioventricular node is used increasingly in the management of troublesome arrhythmias，and offers the opportunity of curative treatment. Radiofrequency energy is delivered between the tip of an intracardiac electrode positioned at the appropriate site and an indifferent surface electrode placed over the scapula. The energy produces a localized necrotic lesion 2 to 3 mm in diameter，which results in local conduction block. The success of the procedure depends on the accuracy of the placement of the lesion in relation to the re-entry circuit or arrhythmic focus. Ablation is indicated in patients who are otherwise at low risk for SCD and have sustained predominantly monomorphic VT that is drug resistant，or who are drug intolerant，or who do not wish long-term drug therapy. Ablation is indicated in patients with bundle-branch reentrant VT. As adjunctive therapy in patients with an ICD who are receiving multiple shocks as a result of sustained VT that is not manageable by reprogramming or changing drug therapy，or the patient does not wish long term drug-therapy. Ablation is indicated in patients with Wolff-Parkinson-White syndrome resuscitated from sudden cardiac arrest due to atrial fibrillation（AF）and rapid conduction over the accessory pathway causing ventricular fibrillation.

Ablation is used to treat cases of recurrent AF that are unresponsive to conventional treatments. Radiofrequency energy is used to destroy abnormal electrical pathways in heart tissue. New techniques include the use of cryoablation（tissue freezing using a coolant which flows through the catheter），and microwave ablation，where tissue is ablated by the microwave energy “cooking” the adjacent tissue.











9 Valvular Heart Disease






9.1 Mitral stenosis


Etiology


Chronic rheumatic heart disease is much the commonest cause of mitral stenosis，though there are a number of other well defined conditions in which blood flow across the mitral valve is limited to a variable extent. Congenital mitral stenosis is a rare condition with thick，rolled leaflets and short chordae，with the spaces between them obliterated. A calcified mitral valve ring may rarely cause mild mitral stenosis.In infective endocarditis；bulky vegetations may occasionally interfere with transmitral flow. Nodular rheumatoid arthritis may be associated with thickening of the valve cusps.


Pathology


Rheumatic mitral stenosis is due to distortion of the normal mitral valve anatomy with fusion of the commissures. The cusps themselves become vascularized，thickened，and frequently develop thrombus on their atrial surfaces. The chordae become thickened and fused and the papillary muscles scarred. Finally，the cusps may become calcified. The left ventricle is usually normal or small in pure mitral stenosis，but occasionally dilates. The left atrium is characteristically enlarged with scarring and disruption of muscle fibres. Mural thrombosis is common，particularly on the free wall just above the posterior mitral valve cusp（McCallum’s patch）. In long-standing cases，calcification of the left atrial wall may develop in plaques on its endocardial surface. In the lungs，the changes of pulmonary venous congestion，pulmonary hypertension，and haemosiderosis develop. These lead to dilatation and hypertrophy of the right ventricle with functional tricuspid regurgitation.


Pathophysiology


The main disturbance in mitral stenosis is due to left ventricular filling. When mitral valve area falls to around 2.5 cm2
 ，peak early diastolic ventricular filling rate falls and diastasis is lost. This does not matter at rest when the heart rate is slow and filling period relatively long，but during exercise as the heart rate increases，flow is maintained only by a pressure drop between atrium and ventricle. With a smaller valve area，a pressure drop is present at rest，and mean left atrial pressure rises. Patients with symptomatic mitral stenosis have a valve area of 0.75 to 1.25 cm2
 ，and a pressure drop as high as 20 to 30 mmHg across the valve during diastole. Cardiac output falls and pulmonary vascular resistance usually increases.

The subvalvular apparatus may interfere with left ventricular filling by restricting wall movement，so reducing stroke volume and increasing left atrial pressure in the absence of any diastolic pressure drop across the valve itself. Left ventricular cavity size，usually normal in young patients，may increase in the middle aged or elderly，and end-diastolic pressure may rise. A number of factors contribute to such left ventricular disease，including restriction of filling，coronary emboli，and distortion of the septum by right ventricular hypertrophy and overload. In addition，disturbed filling interferes in some way with systolic function，since after successful surgery cavity size usually falls，particularly at end-systole，as stroke volume increases.

Chronic left atrial hypertension causes a corresponding rise in pulmonary capillary pressure；clinical evidence of pulmonary congestion appears when it reaches around 25 mmHg. Further lung disease may be caused by active pulmonary hypertension，repeated pulmonary emboli or chest infections，haemosiderosis，or even bone formation.


Symptoms


The symptoms of mitral stenosis usually appear insidiously，and may have been present for several years before the patient seeks medical attention. They may be apparent within 3 or 4 years of the attack of acute rheumatic fever，or be delayed by up to 50 years. Less frequently，their onset is abrupt with an attack of acute pulmonary oedema，systemic embolism，or the onset of atrial fibrillation.

The commonest manifestation of mitral stenosis is a reduction in exercise tolerance by breathlessness，or less frequently，by fatigue or palpitation in patients in atrial fibrillation. Later in the disease，nocturnal dyspnoea occurs，though florid acute pulmonary edema has become uncommon. Recurrent chest infections or winter bronchitis are very characteristic；the resulting infected pulmonary edema responds poorly to antibiotics，and often leads to fluid retention and haemoptysis. Occasionally，massive or recurrent haemoptysis may be the presenting or only symptom of mitral stenosis. Systemic embolism from the left atrium is common in untreated mitral stenosis，particularly when atrial fibrillation is present. Any organ may be affected，but the commonest sites are cerebral，coronary，splenic，renal，mesenteric，or the arteries of the limbs. Salt and water retention is common in untreated mitral stenosis，and leads to peripheral edema，ascites，pulmonary edema，and pleural effusion.


Physical Examination


Prolonged low cardiac output leads to weight loss and a malar flush. The character of the pulse is normal，although its amplitude may be decreased and the rhythm irregular due to atrial fibrillation. The arterial pulses should always be checked in view of the possibility of previous arterial emboli. The venous pressure is usually normal unless tricuspid regurgitation is present. An “a” wave in the venous pulse of a patient with what appears to be pure mitral stenosis should always raise the possibility of additional tricuspid stenosis or severe pulmonary hypertension.

Palpation of the precordium at the apex may reveal a palpable first sound，previously called a “tapping apex”，and less frequently，a palpable opening snap. It may also be possible to feel pulmonary valve closure at the base of the heart if severe pulmonary hypertension is present. A left parasternal heave is usually due to right ventricular hypertrophy caused by pulmonary hypertension，but may also be due to tricuspid regurgitation，or increased prominence of a normal right ventricle secondary to an enlarged left atrium. In pure mitral stenosis，a sustained apex beat is unusual，but may be seen when the right ventricle is very considerably enlarged or more commonly，because of coexistent left ventricular disease.

On auscultation at the apex，the classic findings are a loud first sound，preceded by a presystolic murmur if the patient is in sinus rhythm，an opening snap，and a mid-diastolic murmur. A loud first sound is less specific for rheumatic mitral stenosis than a palpable one，since it also occurs in high cardiac output states，such as hyperthyroidism. A soft or absent first sound in mitral stenosis strongly suggests that the anterior cusp of the mitral valve is calcified or immobile. An opening snap is a very characteristic physical sign. It is usually loudest at the lower left sternal edge，less commonly the apex or the base. It is a sign of a pliable anterior cusp，and is absent if the valve structure is severely disorganized. The mid-diastolic murmur starts after the opening snap；it is low pitched and persists for a variable period throughout diastole. If the mitral stenosis is mild，the murmur is short，but if the murmur lasts throughout diastole at a normal ventricular rate，then the degree of stenosis is likely to be at least moderately severe. When the rate is rapid due to atrial fibrillation，the murmur may no longer be audible，although in these circumstances，the diagnosis can be suspected from the palpable first sound. However，there are some patients in whom no mid-diastolic murmur is audible even when the heart rate is controlled：so-called “silent” mitral stenosis. These patients frequently either have severe pulmonary hypertension or a very disorganized and immobile mitral valve.


Chest Radiography
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Fig.9-1 hest radiograph from a patient with pure mitral stenosis.



Heart size may be normal or increased. Selective enlargement of the left atrium is the commonest radiographic abnormality，“selective” implying that the degree of enlargement is proportionately greater than that of the heart shadow as a whole. It appears on the penetrated posteroanterior film as a double outline on the right side of the heart shadow，with elevation of the left main bronchus，and enlargement of the left atrial appendix which forms that part of the left heart border just below the main pulmonary artery. Mitral valve calcification may be visible on the posteroanterior film just to the left of the spine.


Electrocardiography


The ECG is not very informative in mitral stenosis. Atrial fibrillation can be confirmed. If the patient is in sinus rhythm，then left atrial hypertrophy causes a bifid P wave in lead Ⅱ and a dominant negative deflection in V1
 . ECG evidence of right atrial hypertrophy suggests tricuspid stenosis in addition to mitral stenosis. The electrical axis is usually vertical：right ventricular hypertrophy，if severe，is shown by a dominant R wave in V1
 .


Echocardiography


On M-mode echocardiography the mid-diastolic closure rate of the anterior cusp of the mitral valve is less than 50 mm/s in mild mitral stenosis and 0 to 20 mm/s in severe disease. Cusp fusion causes forward rather than backward movement of the posterior cusp during diastole.

On cross-sectional echocardiography the mobility of the anterior cusp is reduced，particularly near its tip. Valve area can be estimated semiquantitatively from the parasternal minor axis view，provided that the cusps are not calcified. The degree of subvalve involvement can be assessed and occasionally atrial thrombus can be detected.
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Fig.9-2（a）Two-dimensional echocardiogram from a patient with mitral valve disease；parasternal long-axis view taken in mid-diastole. The anterior cusp（AML）of the mitral valve is thickened，and fails to open normally. LA，left atrium；Se，septum；My，myocardial echoes；PML，posterior mitral leaflet.（b）Two-dimensional echocardiogram. Rheumatic mitral valve disease，parasternal minor-axis view during mid-diastole，at the level of the mitral valve orifice（MO），anterior cusp of the mitral valve（AML），and posterior mitral leaflet（PML）.



The diastolic pressure drop across the valve can be estimated by cross-continuous-wave Doppler. Peak right ventricular pressure is derived from the systolic velocity of tricuspid regurgitation. The aortic and tricuspid valves can also be checked.
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Fig.9-3 Left atrial thrombus（Th）in a patient with mitral valve disease. LA，left atrium；LV，left ventricle；IAS，interatrial septum. The left atrium is considerably enlarged.



Transoesophageal echocardiography is particularly useful for demonstrating thrombus in the body of the left atrium or in the left atrial appendix. Spontaneous contrast within the left atrial cavity is probably due to stasis resulting from a combination of atrial fibrillation，low forward flow，and increased cavity size. It indicates an increased risk of thrombus formation. Finally，the degree of thickening and calcification of the cusps and the extent to which the subvalve apparatus is involved can be assessed particularly well by this approach.


Diagnosis


The diagnosis of mitral stenosis is usually straightforward on the basis of history，physical signs，and chest radiography，and can rapidly be confirmed by echocardiography. When the ventricular rate is rapid，the diastolic murmur may be inaudible，but becomes apparent when the ventricular rate is controlled by digoxin. Silent mitral stenosis may mimic primary pulmonary hypertension，but the correct diagnosis is easily made by echocardiography. Mild mitral stenosis should be suspected as a source of systemic emboli and as a cause of unexplained atrial fibrillation，particularly in the elderly.


Differential Diagnosis


Left atrial myxoma；cor triatriatum；pulmonary veno-occlusive disease；or Austin-Flint murmur（see Aortic regurgitation section，below）.


Treatment


In patients under 30 years of age，longer in some cases，penicillin prophylaxis against further attacks of acute rheumatic fever should be given. Atrial fibrillation should be treated with a digitalis preparation to control ventricular rate. Anticoagulant therapy must be given to reduce the risk of systemic embolism to all patients with atrial fibrillation，unless there are very strong contraindications. It is also advisable to give anticoagulants to patients in sinus rhythm with mitral stenosis，particularly the middle aged and elderly：the incidence of embolism is significant，especially if they go into atrial fibrillation. The risk of embolism is particularly high when a patient with atrial fibrillation not receiving anticoagulants is admitted to hospital with a rapid heart rate and pulmonary edema. In this situation intravenous heparin should be given until therapeutic anticoagulation with an oral agent is established.

Fluid retention associated with mitral stenosis responds well to treatment with diuretics. Chest infections should be treated promptly with appropriate antibiotics，and patients should be given a supply of antibiotic to take prophylactically at the start of a head cold. A diuretic is also useful because chest infections often precipitate，or may be precipitated by，fluid retention. In all patients with valvular heart disease，prophylactic antibiotics should be given for all dental manipulations and other potentially septic hazards.


Mitral valvuloplasty
 ：Rheumatic mitral stenosis results from fusion of the commissures between the two mitral cusps，which is susceptible to rupture by inflating a catheter-mounted balloon across the valve orifice. Mitral valvuloplasty has the great advantage over surgery of avoiding thoracotomy. A catheter is introduced through the inferior vena cava to the right atrium. The atrial septum is crossed，and the catheter stabilized across the mitral valve，usually by a guide wire passed out through the aortic valve. The balloon itself may be single，often with a waist；less commonly，two balloons are placed simultaneously across the orifice. The balloon is inflated to a predetermined size for 20 s.
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Fig.9-4 Balloon catheter，as used for mitral valvuloplasty，partially（left）and completely（right）inflated.



Not all patients are suitable for valvuloplasty. It is unsatisfactory in those with calcified and immobile valve cusps，who constitute the majority with mitral stenosis in the developed world. There should be no more than minimal regurgitation. Ideally，the cusps should be thin and mobile，without calcification in the commissures，shortening of the chordae，or scarring of the papillary muscles. Clot in the left atrial appendix must have been excluded by transoesophageal echocardiography. In appropriately selected patients，valvuloplasty gives a satisfactory fall in transmitral pressure drop，maintained in the short and medium term. Mitral regurgitation may be provoked，sometimes severe enough to require valve replacement on an elective or even an emergency basis. The majority of patients are left with a small ASD at the site of passage of the catheter，but this is not of any haemodynamic significance.


Mitral surgery
 ：Surgical procedures available include mitral valvotomy，open or closed，and mitral valve replacement. The choice of operation depends on the anatomy of the mitral valve determined on the basis of the physical signs and the echocardiogram，the age of the patient，and the surgical resources available.Surgical treatment has considerably improved the prognosis，although conservative mitral surgery does not prevent progression of the rheumatic process，nor does it reduce the risk of infective endocarditis.

9.2 Mitral regurgitation


Etiology


There are many causes of mitral regurgitation. Any of the components of the mitral valve apparatus may be involved. Degenerative mitral valve disease is the commonest condition to affect the cusps.


Pathophysiology


Pure mitral regurgitation increases left ventricular output. Since the pressure in the left atrium is lower than that in the aorta，the net force opposing left ventricular ejection is reduced，and stroke volume may be up to three times normal. Ejection begins almost immediately after the start of left ventricular contraction，and by the time the aortic valve opens，up to one-quarter of the stroke volume may already have entered the left atrium. Left atrial pressures are therefore increased，with the V or systolic wave sometimes reaching 50 to 60 mmHg. These high pressures shorten the phase of isovolumic relaxation and greatly increase the velocity of early diastolic left ventricular filling，thus causing the third heart sound. When mitral regurgitation is very severe indeed，left ventricular and left atrial pressure may equalize at mid-ejection. Left ventricular end-diastolic cavity size is not greatly increased，particularly when the history is short，but end-systolic size is considerably smaller than normal due to the low force opposing ejection. Resting left ventricular output is maintained by a sinus tachycardia that is nearly always present when mitral regurgitation is severe.


Symptoms


The clinical picture of pure mitral regurgitation depends on the underlying pathology，the severity of regurgitation，and whether or not the left ventricle is diseased. Different clinical patterns will be described separately，recognizing that they overlap and that the relation between the clinical picture and the underlying etiology is not fixed.

Ruptured chorda is a complication of degenerative mitral valve disease and often causes severe mitral regurgitation. It usually occurs spontaneously but may be caused by infective endocarditis. A murmur may have been heard in the past，often many years previously，and described at the time as “innocent” or “benign”. The onset of symptoms is usually gradual，but in a minority may be so sudden that patients are able to describe exactly what they were doing at the time. In such cases the symptoms are most severe at their onset，improving over the next few weeks as the ventricle adapts to the volume load. However，even in this more compensated phase，exercise tolerance may be severely limited by breathlessness or fatigue. When the regurgitation is only moderately severe，it can be tolerated remarkably well for many years with minimal symptoms. However，the most severe cases can present in intractable pulmonary edema，requiring immediate intermittent positive-pressure ventilation.


Physical Examination


The precordial impulse at the apex is prominent and sustained，and may be double due to a palpable third sound. A systolic thrill may also be present. A left parasternal heave reflects systolic expansion of the left atrium rather than right ventricular hypertrophy.

On auscultation，the first sound is normal or reduced in intensity. The most prominent findings are a loud pansystolic murmur and a third heart sound. The third sound may be rather more high-pitched than that associated with left ventricular disease，reflecting the high early diastolic inflow velocity，and may be confused with the second sound. The murmur may thus be mistimed. This mistake can be avoided by starting auscultation at the base of the heart，where the true second sound can be appreciated，and “inching” the stethoscope towards the apex，when the second heart sound can be heard to bury itself in the murmur as the third sound appears. If the mitral regurgitation is so severe as to cause left atrial and left ventricular pressures to equalize before the end of systole，the murmur stops early.


Chest Radiography


The radiographic picture reflects the haemodynamic disturbance. Overall heart size is normal or only moderately enlarged，with selective enlargement of the left atrium，though not to the same extent as in rheumatic mitral valve disease. The pulmonary vasculature reflects the increase in mean left atrial pressure. A chest radiograph taken soon after the onset of severe mitral regurgitation may show pulmonary edema with a normal-sized heart. If the condition is severe and long-standing，considerable cardiac enlargement develops due to secondary left ventricular disease.
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Fig.9-5 Chest radiograph showing acute pulmonary edema due to acute mitral regurgitation resulting from ruptured chordae tendineae.
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Fig.9-6 Chest radiograph from a patient with mixed mitral valve disease，showing gross cardiac enlargement，and due mainly to dilation of the left atrium.




Electrocardiography


The ECG usually shows sinus rhythm with only moderate left ventricular hypertrophy. There may，in addition，be evidence of left atrial hypertrophy. Frequent ventricular ectopic beats are characteristic of mild or moderate mitral regurgitation.


Echocardiography
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Fig.9-7 Transoesophageal cross-section echocardiogram from a patient presenting with ruptured papillary muscle 48 h after acute myocardial infarction. Note the abnormal mobility of the papillary muscle head（indicated by arrows）attached to the anterior mitral valve cusp. LA，left atrium；LV，left ventricle.



M-mode echocardiography may show cusp prolapse，with cusp remnants visible in the left atrium during systole. The amplitude of left ventricular wall motion is increased. Initially the end-systolic cavity dimension is small，but it gets larger as the left ventricle adapts，increasing progressively when irreversible left ventricular disease supervenes.Cross-sectional echocardiography confirms the presence of very active left ventricular wall motion. It allows a clearer view of the extent of systolic cusp prolapse into the left atrium，and the affected cusp is identified more reliably.Continuous wave Doppler confirms the presence and timing of regurgitation，and the jet can be mapped within the left atrium by colour flow. Apparent jet area，whether or not normalized to left atrial cavity size，has proved a disappointing measure of the severity of the regurgitation.

Transoesophageal echo may give more information about valve anatomy，allowing ruptured chordae and small vegetations to be seen in detail. Severe regurgitation causes retrograde flow in the pulmonary veins.


Diagnosis of Mitral Regurgitation


The diagnosis of mitral regurgitation is usually straightforward on the basis of the physical signs，with a pansystolic murmur and third heart sound when it is haemodynamically significant，and a late systolic murmur when it is due to mitral prolapse and mild. Cardiac enlargement and pulmonary congestion on chest radiography reflect the extent both of the regurgitation itself and of associated left ventricular disease. Echocardiography is invaluable in assessing such cases. Difficulties in diagnosis may arise when mitral regurgitation is of acute origin and very severe. Patients may present with pulmonary edema of sudden and unexplained onset with a chest radiograph showing a normal-sized heart shadow. Echocardiography demonstrates very active left ventricular wall movement，showing that the poor peripheral blood flow is due to valvular regurgitation rather than left ventricular disease，and in addition，one or both mitral valve cusps may be abnormally mobile，usually as the result of chordal or papillary muscle rupture. However，the Doppler echocardiogram may be atypical，showing an abbreviated regurgitant flow signal of low velocity reflecting near equalization of ventricular and atrial pressures. Such low blood velocities make colour flow Doppler particularly misleading.


Differential diagnosis
 ：Ventricular septal defect；Aortic valve disease；Tricuspid regurgitation.


Treatment of Mitral Regurgitation


Mild or moderately severe mitral regurgitation is well tolerated and does not require treatment. If left ventricular size is increased either on chest radiograph or echocardiogram an ACE inhibitor should be added. In a minority of patients with severe ischemic ventricular disease，a more aggressive surgical approach may be warranted. Mitral regurgitation due to hypertrophic cardiomyopathy does not require specific treatment.Severe mitral regurgitation，which causes significant symptoms in spite of medical treatment，is best managed by mitral valve surgery. The treatment of papillary muscle dysfunction is that of the underlying ventricular disease，with the particular aim of reducing the left ventricular diastolic pressures.

9.3 Aortic stenosis

Aortic stenosis represents a fixed obstruction to left ventricular ejection into the aorta. The obstruction is most commonly at the level of the valve itself，aortic valvar stenosis，but may also be immediately above the sinuses，supravalvar stenosis，or within the left ventricle，subvalvar stenosis.


Etiology


Valvar aortic stenosis is an important cause of cardiac disability，and though it is commonest in the elderly，it may present at any time of life. Congenital bicuspid valve，consisting of fusion of one of the three commissures，is a much commoner abnormality. Rheumatic aortic stenosis develops as the result of commissural fusion in a tricuspid valve and may subsequently become calcified. Senile or degenerative aortic stenosis results from deposition of calcium in a tricuspid valve，initially on the aortic surface by a process similar to atherosclerosis. Calcification of a tricuspid valve is becoming an increasingly important cause of disability in the elderly.


Pathophysiology


Blood flow across a stenotic aortic valve causes a pressure drop between the left ventricular cavity and the aorta，which in symptomatic cases，may be greater than 60 mmHg at rest，and reach over 200 mmHg on exertion. Stroke work is therefore increased and left ventricular hypertrophy develops. Wall thickness increases although cavity size remains normal or even falls. A corresponding increase in the coronary vascular bed does not occur，predisposing to myocardial ischemia，particularly in the subendocardial region. Hypertrophy，ischemia，and associated fibrosis cause the diastolic stiffness of the myocardium to increase so that the end-diastolic pressure may raise causing pulmonary congestion. Increased left ventricular wall thickness also predisposes to ventricular arrhythmias. Late in the disease，when left ventricular involvement is severe，the cavity dilates and becomes more spherical. Calcification may spread from the aortic valve to the anterior cusp of the mitral valve or into the septum where it can involve the conducting system which runs nearby.


Symptoms


The three characteristic clinical features of aortic stenosis are breathlessness，chest pain，and syncope.Breathlessness in aortic stenosis is frequently associated with an elevated left ventricular end-diastolic pressure and occurs at first on exercise，but later at rest. Paroxysmal nocturnal dyspnoea and episodic pulmonary edema—breathlessness persisting for 5 min or more after exercise—are both common in late stages of the disease and indicate the need for urgent treatment. The length of the history of breathlessness from its onset until it becomes severe is usually only of the order of 1 to 2 years，and thus considerably shorter than that in mitral stenosis.

Angina occurring in aortic stenosis is clinically indistinguishable from that due to coronary artery disease，which in many cases is the main cause. However，typical anginal pain can occur in patients in whom the large and medium-sized coronary arteries are normal. The mechanism for this is uncertain，but disproportion between muscle mass and coronary vascular bed，and the direct effects of abnormal myocardial relaxation in left ventricular hypertrophy are both likely to contribute.

There are several causes of syncope in aortic stenosis. In some patients it is clearly related to exertion and appears to be due to hypotension resulting from the combination of exercise-induced vasodilation and a fixed cardiac output. In other cases it results from transient complete atrioventricular block due to involvement of the atrioventricular node by calcification，carotid sinus hypersensitivity，or even from short periods of ventricular tachycardia or fibrillation.


Physical Examination


The apex beat is sustained and is often double，due to an additional left atrial impulse. On auscultation，the first sound is normal or soft，and may be preceded by a fourth heart sound. The second sound is single when the valve is calcified，due to lack of the aortic component. In younger patients with mobile valve cusps，aortic valve closure may be audible，but delayed，so that splitting of the second sound is reversed. When left ventricular disease is severe，pulmonary valve closure is accentuated. The characteristic ejection systolic murmur is maximal at the base of the heart，and is also audible over the right common carotid artery. It may seem longer than the ejection systolic murmur of，for example，anemia or thyrotoxicosis because in aortic stenosis，ventricular systole is prolonged and aortic valve closure delayed. A soft early diastolic murmur is nearly always present，although this does not imply haemodynamically significant aortic regurgitation.


Chest Radiography


Heart size is normal in uncomplicated aortic stenosis. If it is increased，the underlying cause is likely to be unsuspected aortic regurgitation，left ventricular cavity dilatation，or very severe left ventricular hypertrophy，when the cavity may be normal in size，but the myocardium up to 50 mm thick.


Electrocardiography


The ECG characteristically shows changes of left ventricular hypertrophy，although it may be entirely normal，even in the presence of severe aortic stenosis. Left atrial hypertrophy is shown by a bifid P wave in lead Ⅱ or a dominant negative deflection in V1
 . Conduction disturbances include left axis deviation，left bundle branch block，prolonged P-R interval，or complete heart block.


Echocardiography
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Fig.9-8 Aortic stenosis，two-dimensional echocardiogram from apical four-chamber view，showing left ventricle（LV）and heavily calcified aortic valve（Ao）. S，septum.



Cross-sectional echocardiography demonstrates thickening and reduced mobility of the valve cusps. In young patients with a bicuspid valve，doming of the cusps during systole can be seen，while in older patients，a calcified aortic valve appears as an immobile mass. The pressure drop across the outflow tract can be reliably measured by continuous wave Doppler. Transverse dimension and myocardial thickness can be measured by M-mode.


Diagnosis


A complete diagnosis of aortic stenosis depends not only on establishing the anatomical abnormality，but also its severity and the degree of associated left ventricular disease. When cardiac output is normal，a peak pressure drop across the valve of greater than 60 mmHg indicates significant stenosis，and corresponds to a valve area of 0.9 cm2
 or less. The corresponding peak velocity，as measured by continuous wave Doppler is 4.0 m/s.

Left ventricular hypertrophy can be inferred from a sustained apical impulse with a palpable left atrial contraction. A raised left ventricular end-diastolic pressure can be deduced from accentuation of pulmonary valve closure，which forms the only component of the second sound and，in the late stages of the disease，a third heart sound. In such patients the stroke volume is low，the pressure drop across the valve falls，and significant stenosis may be associated with values of 30 to 40 mmHg. To allow for this，it is necessary to measure valve area.


Differential diagnosis
 ：Hypertrophic cardiomyopathy；Congestive cardiomyopathy；Fixed subaortic stenosis.


Treatment and Prognosis


Medical treatment has little to offer in aortic stenosis：in mild cases it is unnecessary and in severe cases ineffective. Severe aortic stenosis requires intervention. Unfortunately，aortic balloon valvuloplasty，though satisfactory in infants and children，is either ineffective or harmful in adults in whom the cusps are calcified，and the procedure has been largely abandoned. Aortic valve replacement for aortic stenosis is amongst the most effective of all surgical operations. The prognosis of symptomatic aortic stenosis is poor with a 50 percent survival of only 1 to 2 years. Approximately half the deaths are due to relentless haemodynamic deterioration，and the remainder is “sudden” and unexpected.


Mixed Aortic Valve Disease


Mild to moderate aortic regurgitation often accompanies aortic stenosis，but does little to alter the overall clinical picture. The combination may result from a bicuspid aortic valve，chronic rheumatic heart disease，or be the result of conservative surgery or endocarditis on a stenotic valve. The main haemodynamic disturbance remains increased resistance to ejection rather than a volume load. In addition，superimposition of even a moderately increased stroke volume due to regurgitation on the small，stiff left ventricular cavity of pure aortic stenosis may lead to high filling pressures，left atrial enlargement，and even pulmonary hypertension. Breathlessness and chest pain thus remain the most prominent symptoms. The arterial pulse is bisferiens，with a notch half way up the upstroke，rather than slow rising. Atrial fibrillation usually points to a rheumatic basis；less commonly to high filling pressures in an incompliant cavity. The early diastolic murmur is audible down the left sternal edge. The extent of the volume load，the aortic pressure drop，and the presence or absence of rheumatic mitral involvement can all be determined by echocardiography. Treatment of symptomatic patients is likely to require valve replacement.

9.4 Aortic regurgitation

Aortic regurgitation increases stroke volume and when severe and uncorrected causes irreversible left ventricular disease. Apart from aortic root dilatation its causes are similar with aortic stenosis.


Pathology


Chronic rheumatic involvement leads to a tricuspid valve whose cusps are thickened，with rolled edges and fused commissures. There may be superimposed calcification or thrombosis. Infective endocarditis may lead to cusp destruction or perforation and may spread to involve the sinus of Valsalva，the atrioventricular node and the interventricular septum，where abscess formation may occur. Organisms may also be carried to the anterior cusp of the mitral valve，where they cause “jet lesions”，localized aneurysms，or perforations. Dilatation of the aortic ring may cause aortic regurgitation with normal cusps. This can result from a “flask-shaped” aneurysm of the ascending aorta，complicating Marfan’s syndrome，or isolated medionecrosis. Syphilitic aortitis causes dilatation of the valve ring，with aneurysm formation of the ascending aorta and involvement of the coronary ostia. Dilatation of the ring may occur on its own or with connective tissue disease such as ankylosing spondylitis，rheumatoid arthritis，Reiter’s syndrome，or relapsing polychondritis. Dissecting aneurysm involving the aortic root may separate the cusps from the valve ring；and the presence of a high ventricular septal defect or Fallot tetralogy may leave the cusps unsupported from below.


Pathophysiology


Aortic regurgitation is associated with an increase in left ventricular stroke volume and cavity size. Ventricular mass is therefore increased，but wall thickness is usually within normal limits. In moderately severe aortic regurgitation，the stroke volume is twice normal，and in severe cases，up to three or even four times normal. The characteristics of ejection are altered in that the end-diastolic pressure in the aorta is low，so that the resistance to ejection of blood by the left ventricle is reduced and ventricular systole is prolonged. These factors together with the large stroke volume，explain the characteristic rapid upstroke and large volume pulse. Peripheral vasodilatation also contributes to the large forward stroke volume. In long-standing cases，left ventricular cavity size increases out of proportion to the stroke volume，with loss of the normal myocardial architecture，so that the cavity becomes more spherical in shape；the walls become stiffer and the end-diastolic pressure increases.


Symptoms


Patients with aortic regurgitation remain asymptomatic for many years. When symptoms develop，they are those of left ventricular disease，with limitation of exercise tolerance by breathlessness or chest pain the most prominent one. Less commonly，the presenting symptom may be nocturnal dyspnoea，or an attack of acute pulmonary edema. Retrosternal pain，aggravated by exertion，may develop in patients with aneurysms of the ascending aorta in whom the coronary arteries are normal. This seems to originate from the aortic root itself. Aortic dissection may also cause severe central chest pain.


Physical Examination


The physical signs of aortic regurgitation are characteristic. The carotid pulse has large amplitude and a rapid upstroke. Visible arterial pulsation in the neck（Corrigan’s sign）excludes significant aortic stenosis. Other physical signs which depend on a large pulse volume and peripheral vasodilation include capillary pulsation，visible in the nail beds，and the de Musset sign，nodding of the head in time with the heart beat. The Durosiez sign，which is of greater clinical value，is elicited by compression of the femoral artery and listening proximally with the stethoscope for a diastolic murmur. It may be positive even when an aortic diastolic murmur is inaudible，and implies retrograde flow in the femoral artery due to aortic regurgitation that is at least moderately severe. On auscultation，the characteristic finding is an early diastolic murmur，maximal down the left sternal edge. Less commonly it is loudest at the apex or even in the left axilla. An ejection systolic murmur is nearly always present，due to the increased stroke volume，and not necessarily to additional stenosis. Aortic valve closure is usually inaudible，but P2 may be accentuated due to passive pulmonary hypertension. At the apex，a mid-diastolic murmur may be heard，indistinguishable from that of mitral stenosis（Austin-Flint murmur）. This may continue throughout diastole，with presystolic accentuation and even a loud first heart sound，though the last is never palpable. With the development of ventricular disease，a soft mitral pansystolic murmur or a third sound may appear.

These classic signs of aortic regurgitation may be modified in a number of circumstances. If infective endocarditis has caused cusp perforation，then the early diastolic murmur may have a high-pitched musical quality，a “seagull murmur”. In the presence of severe left ventricular disease，or less commonly，of rheumatic mitral stenosis or severe pulmonary hypertension，the collapsing pulse，and other evidence of aortic regurgitation may be lost，although the aortic diastolic murmur persists. It is worth noting，however，that Durosiez’ sign frequently remains positive in these circumstances if the regurgitation is moderate or severe. In severe aortic regurgitation of rapid onset，usually due to infective endocarditis affecting the aortic valve，the patient presents with a low cardiac output state，normal or reduced pulse volume，and sinus tachycardia. On auscultation the main abnormality is a loud third sound，due to a very short period of forward flow across the mitral valve. A short early diastolic murmur may be audible. Durosiez’ sign is usually positive.
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Fig.9-9 Chest radiograph from a patient with chronic aortic regurgitation showing cardiac enlargement and dilation of the ascending aorta.




Chest Radiography


Significant aortic regurgitation nearly always causes cardiac enlargement on chest radiography. The aortic root is often dilated，but the aortic valve not necessarily calcified. The pulmonary vessels remain normal until severe left ventricular disease develops.


Electrocardiography


This usually shows left ventricular hypertrophy on voltage and T-wave criteria，with left atrial enlargement. The duration of the QRS complex increases and left bundle branch block may develop，indicating the presence of intrinsic left ventricular disease. A long P-R interval in association with aortic regurgitation is very suggestive of disease of the aortic root.


Echocardiography


The anatomy of the aortic valve and root can be determined. Dissection and aortic root abscesses can sometimes be detected；vegetations on the aortic valve are well. When infective endocarditis is suspected，transoesophageal echo may give further useful information，particularly if the P-R interval is prolonged. It is also the means of choice for demonstrating aortic root aneurysms. Color flow Doppler allows the presence of regurgitation to be confirmed and a semiquantitative estimate made of its severity. Left ventricular cavity size is determined from the M-mode record.


Diagnosis


As with aortic stenosis，it is not enough merely to establish the presence of aortic regurgitation；its severity must be estimated，and also the state of the left ventricle. In uncomplicated cases，the severity can be judged indirectly from the carotid pulse and from the heart size on chest radiography，but direct measurement of left ventricular cavity size and stroke volume by echocardiography，MRI，or angiography is more satisfactory. Left ventricular disease can be suspected clinically from accentuated pulmonary valve closure，and from chest radiography by the presence of pulmonary vascular congestion and inappropriate cardiac enlargement. However，left ventricular function is most satisfactorily assessed by direct measurement，the characteristic feature being enlargement of end-diastolic，and in particular，end-systolic cavity size out of proportion to stroke volume such that ejection fraction falls.

Acute aortic regurgitation may present difficulties in diagnosis when the classic physical signs are modified due to a low forward output. Echocardiography is particularly useful in making a definite diagnosis non-invasively，demonstrating aortic vegetations，a large left ventricular stroke volume，and premature mitral valve closure. It is also important to confirm or exclude other types of valve disease.


Differential Diagnosis


In the presence of severe pulmonary hypertension，the pulmonary artery may dilate，causing functional pulmonary regurgitation and a soft early diastolic murmur（Graham-Steell murmur）. The carotid pulse is normal. Difficulty in diagnosis usually arises when the patient has mitral valve disease，pulmonary hypertension，and an early diastolic murmur. In these circumstances，aortic regurgitation may not necessarily cause an abnormal carotid pulse. In many cases，the differential diagnosis can only be made by Doppler echocardiography，for example，persistent ductus arteriosus；ruptured sinus of Valsalva aneurysm；and coronary arteriovenous fistula. These all cause an increase in pulse pressure，but a continuous rather than an early diastolic murmur down the left sternal edge.


Treatment


Mild or moderately severe aortic regurgitation is well tolerated and requires no treatment severe aortic regurgitation in a symptomatic patient should be treated by aortic valve replacement.In an asymptomatic patient with severe regurgitation，the decision is more difficult. Without treatment，the outlook is very favorable，with the clinical state remaining stable over many years. Prophylactic administration of ACE inhibitor has been shown to delay the necessity for operation by 2 to 3 years in asymptomatic patients with aortic regurgitation. Severe ventricular disease may become apparent over a period as short as 1 to 2 years，so patients being treated conservatively must be kept under regular review.Acute aortic regurgitation is a surgical emergency. With a native valve，one of the most useful criteria for emergency aortic valve replacement is premature mitral valve closure on the M-mode echocardiogram.

9.5 Tricuspid stenosis

In patients with chronic rheumatic heart disease，the clinical problem is to recognize the presence of additional tricuspid stenosis in a patient known to have mitral and perhaps also aortic valve disease. This is not always possible on clinical grounds，but a number of indications may be sought. There are no specific findings in the history. If the patient is in sinus rhythm，tricuspid stenosis is often associated with an “a” wave in the venous pulse and with evidence of right atrial hypertrophy on ECG. These findings are unusual in the presence of pulmonary hypertension and mitral stenosis alone. The venous pulse is usually otherwise unremarkable.

On auscultation，a separate tricuspid mid-diastolic murmur may be audible. This is similar in timing to a mitral one，but it is higher in pitch，resembling an aortic diastolic murmur in this respect. It is maximal down the left sternal edge or in the epigastrium. A tricuspid opening snap may also be present；it is later than a mitral one and its timing.


Chest radiography
 may be suggestive，since right atrial enlargement causes the heart shadow to enlarge to the right of the midline. These appearances，however，are non-specific，and may be present with functional tricuspid regurgitation，or even a giant left atrium.
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Fig.9-10 Rheumatic tricuspid stenosis，apical four-chamber view showing doming and thickening of the tricuspid valve during diastole（arrows）. LA，left atrium；LV，left ventricle；RA，right atrium；RV，right ventricle.




Echocardiography
 gives the diagnosis. Cross-sectional echocardiography shows doming of the tricuspid valve into the right ventricle during systole in the apical four-chamber view. The diastolic pressure drop can be estimated by continuous wave Doppler.


Treatment


Medical treatment is not very satisfactory but consists of diuretic administration to control fluid retention. Prolonged administration of inappropriately large doses leads to potassium depletion. Definitive treatment is surgical，consisting of either valvotomy or repair at the time that the other valve lesions are dealt with. Isolated tricuspid stenosis，developing after mitral valve surgery，has been dealt with by balloon valvuloplasty.

9.6 Tricuspid regurgitation

As with mitral regurgitation，a number of different pathological processes can cause tricuspid regurgitation.

Severe，non-rheumatic tricuspid regurgitation is being increasingly recognized as occurring late after mitral valve replacement，in the absence of significant left-sided disease or pulmonary hypertension. Its cause is not clear，but there is no evidence of disease of the valve cusps or subvalve apparatus.

Organic tricuspid regurgitation may be congenital，as an isolated abnormality，or associated with the Ebstein anomaly. A cleft right-sided atrioventricular valve may also occur in ostium primum atrial septal defect. Acquired，organic tricuspid regurgitation may be rheumatic in origin，or result from infective endocarditis of a previously normal valve，which occurs particularly commonly in intravenous drug users. Right-sided endomyocardial fibrosis causes progressive obliteration of the right ventricular cavity with scarring and distortion of the tricuspid subvalvular apparatus.

Mid-systolic prolapse of the tricuspid valve can occur in exactly the same way as that of the mitral valve，and is common in Marfan’s syndrome. Organic tricuspid regurgitation has been described as a long-term consequence of radiotherapy to the thorax，when it may be associated with features of pericardial constriction or restrictive myocardial disease，making its diagnosis difficult.

The clinical features of tricuspid regurgitation are those of severe and chronic elevation of the venous pressure，often in association with disease on the left side of the heart.

The symptoms are non-specific，although when tricuspid regurgitation supervenes in a patient with mitral stenosis，it is often associated with an increase in the prominence of fatigue as a factor limiting exercise tolerance instead of breathlessness. Symptoms may also be related to the development of edema or ascites：hepatic enlargement may be associated with nausea and upper abdominal or epigastric pain aggravated by exercise.

The main physical sign of tricuspid regurgitation is a raised venous pressure with a prominent systolic wave. In approximately two-thirds of patients，there is associated systolic expansile pulsation of the liver，which may be considerably enlarged and tender. In long-standing cases，hepatic fibrosis develops so that this physical sign disappears. The hepatic dysfunction may also cause mild jaundice，which with increased skin pigmentation can give these patients a very characteristic appearance.


Echocardiography
 is the best way of making the diagnosis. Right ventricular function is assessed by the cross-sectional technique，while the extent of the regurgitation can be measured by continuous wave and colour flow Doppler. The nature and extent of left-sided disease and pulmonary hypertension can also be documented. Cardiac catheterization is rarely necessary either to make the diagnosis or assess its severity.Medical treatment with diuretics deals with associated fluid retention，and may even allow right ventricular cavity size to decrease，restoring competence to the tricuspid valve. Isolated tricuspid incompetence，unless very severe or accompanied by right ventricular disease，is reasonably well tolerated. Surgical treatment is avoided if possible.

9.7 Pulmonary valve disease

Acquired pulmonary valve disease is unusual. The commonest form is that associated with severe pulmonary hypertension and dilatation of the pulmonary valve ring，causing mild regurgitation. This commonly occurs in association with pulmonary hypertensive mitral valve disease，causing a soft early diastolic murmur（the Graham-Steell murmur），but an identical picture may be present with severe pulmonary hypertension from any cause. Although the murmur itself is early diastolic in timing，there is no associated abnormality of the carotid pulse as would be expected in aortic regurgitation. Nevertheless，the differential diagnosis on clinical grounds can be difficult when mitral valve disease is severe. Mild pulmonary regurgitation is effectively a normal finding on color flow Doppler；a more extensive jet in a patient with pulmonary hypertension being required to confirm the diagnosis. Aortic regurgitation can be confirmed or excluded by Doppler. Rheumatic pulmonary regurgitation is extremely rare，although it has been reported in populations living at high altitudes. However，even when present it contributes little to overall disability. Pulmonary regurgitation may also form part of the carcinoid syndrome，but its effect on the clinical picture is less than that of the tricuspid or left-sided valves. It may also be iatrogenic，following pulmonary valvotomy for pulmonary stenosis，when it contributes to the elevated venous pressure that can persist for a variable period after this operation. It is of no clinical consequence and requires no specific treatment.











10 Myocarditis and Cardiomyopathy






10.1 Myocarditis

Myocarditis is a disease that has captured the interest of clinicians and scientists. This interest is generated by its varied etiology，its diagnostic and therapeutic challenges，the possibility that myocarditis may be the primary cause of dilated cardiomyopathy，and the availability of numerous，easily manipulated animal models of the disease.


Symptoms


Myocarditis affects young people. The true incidence of myocarditis is unknown. Autopsy studies have reported up to a 3 percent incidence，but varying histological criteria were used，and myocarditis may occur as an incidental complication of other fatal illnesses. About 10 percent of patients with influenza infections have electrocardiographic abnormalities，but it is not know if these are the result of myocarditis. Most cases of myocarditis present with congestive heart failure of unknown cause. In many cases there is a history of recent upper respiratory tract infection or of a “flu-like” illness. This is followed by symptoms of cardiac decompensation，usually fatigue，breathlessness，and cough. Chest pain occurs in a substantial minority of patients. A small proportion of patients with myocarditis present with ventricular tachyarrhythmias and minimal or no cardiac dilatation. Typically，the duration of symptoms due to infection is brief，less than 1 month in approximately 50 percent of patients and nearly always less than 1 year. Myocarditis should always be suspected when a patient presents with unexplained congestive heart failure with a rapid onset，especially if there is a viral prodrome.


Investigations


Clinical examination typically reveals signs of cardiac failure. The ECG may show conduction abnormalities and ST/T-wave changes，or arrhythmias（atrial or ventricular）. The chest radiograph shows cardiomegaly and pulmonary edema. The echocardiogram reveals four-chamber dilatation and reduced contractility，and is notable for the fact that valvular disease is absent or minimal. Should coronary angiography be performed，the vessels are normal or show only minor abnormalities. CPK-MB elevation is common.

Although viruses are thought to be the most common cause of myocarditis，viral titres are rarely useful in diagnosis and treatment. Although the cardiotrophic enteroviruses，including echoviruses and coxsackieviruses，are the predominant aetiological agents，dozens of viruses have been implicated and many more，undoubtedly，cause myocarditis in humans. Thus，it is impractical to exclude all. In addition，patients usually present a substantial period of time after the viral infection has cleared，making it difficult or impossible to document an acute rise in titre. Knowledge of a specific virus，or any virus，as the cause in a given case of myocarditis has little，if any，therapeutic relevance. Even if virocidal therapy is being considered，negative titres for the common viral agents do not exclude a viral etiology.


Treatment of Post-viral and Non-specific Lymphocytic Myocarditis


As stated above，non-specific lymphocytic myocarditis is believed by most to have a viral etiology，even in the absence of a clinically apparent viral prodrome. In the acute phase of viral myocarditis，the direct cytolytic effect of viral myocyte infection may lead to congestive heart failure，although this is uncommon. In this early phase，the immune response is likely，on balance，to be beneficial. Thus，antiviral therapy might be expected to be helpful，on theoretical grounds，but immunosuppressive therapy would not. However，no antiviral therapies have been adequately tested in humans. Although hyperimmune globulin is thought to be effective on the basis of retrospective studies，its efficacy has not been proved in a prospective trial. In the second stage，thought to result from an adverse immune response to previous infection，immunosuppressive therapy has appeared to be beneficial in uncontrolled trials. However，no benefit was demonstrated. Spontaneous improvement in left ventricular function can be anticipated in many patients with myocarditis. In most cases it is reasonable to use standard therapy for congestive heart failure，without performing a biopsy or administering steroids，and to observe the patient，using echocardiography to monitor left ventricular function. However，in patients who deteriorate，or who present in cardiogenic shock，an endomyocardial biopsy should be performed.


Ventricular Tachyarrhythmia


Lymphocytic myocarditis，with or without a viral prodrome，May present with ventricular tachyarrhythmias and little or no cardiac dilatation and dysfunction. Since myocarditis is often a self-limiting disorder，the patient’s risk of recurrent ventricular tachyarrhythmias may resolve，and it may be unnecessary to subject the patient to electrophysiological study and/or cardioverter-defibrillator implantation. The risks of ventricular arrhythmia should not be underestimated，but nor should those of long-term treatment with agents such as amiodarone. If 24-h ECG monitoring at 6 months shows no sinister abnormalities，then many would withdraw anti-arrhythmic treatment at that point，but others advocate repeat endomyocardial biopsy to document complete resolution of myocarditis before taking this step.

10.2 Cardiomyopathy

Heart muscle disease has traditionally been classified as idiopathic or specific. The former，termed the cardiomyopathies，are classified as hypertrophic，dilated，right ventricular，and restrictive. This descriptive classification is useful in relation to natural history，treatment，and prognosis，but recent discoveries of disease-causing mutations in genes encoding sarcomeric contractile proteins in hypertrophic，cytoskeletal proteins in dilated，and a desmosomal protein in right ventricular cardiomyopathy，all indicate that developing knowledge of etiology/pathogenesis will ultimately require a new classification of the “idiopathic cardiomyopathies”. The term specific heart muscle disease incorporates myocardial involvement as part of a systemic disease（such as sarcoidosis，systemic hypertension）or when the mechanism of myocardial damage is recognized（such as ischemia）.


Hypertrophic Cardiomyopathy



Definition
 ：Hypertrophic cardiomyopathy is defined clinically as an idiopathic heart muscle disorder that is characterized by a hypertrophied and non-dilated left ventricle in the absence of a cardiac or systemic cause.


Genetics
 ：Hypertrophic cardiomyopathy is usually familial with autosomal dominant transmission. Clinical presentation with left ventricular hypertrophy under the age of 3 years is usually caused by metabolic or mitochondrial disorders and is unusual in autosomal dominant hypertrophic cardiomyopathy，where morphological and clinical features typically present during or following periods of childhood or adolescent growth. Clinical history reveals familial disease in 40 to 50 percent，but when cardiovascular evaluation of first-degree relatives includes ECG and echocardiography，90 percent of patients have familial disease. Variable expression of the disease is common，even within families bearing the same gene defect.


Pathology
 ：Hypertrophic cardiomyopathy may involve the left or both ventricles. Hypertrophy in the left ventricle is usually asymmetric，involving the anterior and posterior septum and the free wall to a greater extent than the posterior wall. Right ventricular hypertrophy，which is usually symmetric，is seen in over 30 percent of patients；isolated right ventricular hypertrophy has not been reported. Over 60 percent of patients have structural abnormalities of the mitral valve，including increased leaflet area，elongation of the leaflets，and malposition or anomalous insertion of the papillary muscles. Another common macroscopic finding is a patch of endocardial thickening just below the aortic valve，which results from contact of the septum with the anterior mitral leaflet in patients with mitral leaflet abnormalities and/or left ventricular outflow tract obstruction.

The histological findings in hypertrophic cardiomyopathy are distinctive and provide the basis for the pathological diagnosis. Affected myocardium shows interstitial fibrosis with gross disorganization of the muscle bundles resulting in a characteristic whorled pattern. The cell-to-cell orientation of muscle cells is lost（disarray）and there is disorganization of the myofibrillar architecture within cells. Myocardial cells are wide，short，and often bizarre in shape. Foci of disorganized cells are often interspersed among areas of hypertrophied muscle cells that are otherwise normal in appearance. Such changes are not completely specific：small amounts of fibre disarray may be seen in congenitally abnormal hearts and in secondary left ventricular hypertrophy，and something similar is found at the junction of the septum with the anterior and posterior walls of the left ventricle in normal subjects. However，the extent of myocyte disarray in normal subjects rarely exceeds 5 percent；whilst in hypertrophic cardiomyopathy up to 40 percent of the myocardium may be involved. Extensive myocyte disarray is occasionally found in the macroscopically normal heart of a patient who experienced typical clinical features：this highlights the broader phenotype and suggests that hypertrophy may be a secondary rather than a primary abnormality.


Pathophysiology
 ：Myocardial disarray and hypertrophy，hyperdynamic systolic function，and impaired diastolic function account for many of the clinical features of hypertrophic cardiomyopathy. The extent and distribution of myocardial disarray can only be determined at autopsy. It is probable that the disorganized architecture with abnormal myofibre and myofibrillar alignment provides a substrate for electrical instability and contributes to diastolic abnormalities，but the precise relationship between myocardial disarray and spontaneous arrhythmia，in particular the threshold for ventricular fibrillation，has not been established.

Diastolic abnormalities are common but variable. Typically，left ventricular end-diastolic pressure and atrial pressures are elevated as consequences of abnormal left ventricular diastolic filling and reduced compliance. The isovolumic relaxation time is prolonged，filling is slow，and the proportion of filling volume that results from atrial systolic contraction（while still preserved）may be increased. Occasionally，there is rapid early filling with restrictive physiology that resembles the situation in patients with constrictive pericarditis or endocardial fibrosis. Altered diastolic function may be caused by myocardial hypertrophy，ischaemia，and architectural abnormalities including myocyte disarray and fibrosis. In an individual patient it is often difficult to identify the major determinant of diastolic disease.

Most young and some old patients have evidence of hyperdynamic systolic function with rapid，early，and near complete ventricular emptying. Approximately 30 percent of patients with hyperdynamic systolic function have recordable gradients between the body and outflow tract of the left ventricle at rest；an additional 20 to 25 percent develop such a gradient following manoeuvres that increase myocardial contractility or result in a decrease in ventricular volume with reduced after load or venous return. The presence and magnitude of a gradient is determined not only by systolic contractile performance，but also by left ventricular outflow tract size and geometry，which are determined by the extent of upper septal hypertrophy，mitral leaflet morphology，and papillary muscle size and position.

Myocardial ischemia despite normal epicardial coronary arteries is common and caused by several features that relate to myocardial hypertrophy. Evidence of ischemia，however，is not limited to those with severe hypertrophy，and abnormalities of the intramural arteries and of coronary vasomotor behavior may also be important.


Symptoms
 ：Symptomatic presentation may be at any age with breathlessness on exertion，chest pain，sustained palpitation，syncope，or sudden death. Paroxysmal symptoms or mild impairment of exercise tolerance are often present，but in the absence of a murmur may not elicit a diagnostic cardiac evaluation. Approximately 50 percent of adults present with symptoms；in the remainder the diagnosis is made during family screening or following the detection of an unsuspected abnormality on physical，electrocardiographic，or echocardiographic examination.

In adults dyspnoea is common and thought to be a consequence of elevated left atrial and pulmonary capillary wedge pressures resulting from impaired left ventricular relaxation and filling. Approximately 50 percent of patients complain of chest pain，which is exertional，atypical，or both in similar proportions of patients. Atypical pain may have no obvious precipitant；more commonly it follows exercise or anxiety-related tachycardia，when it persists for up to several hours after the stress has been removed without enzymatic evidence of myocardial damage. Approximately 15 to 25 percent of patients have experienced syncopal episodes，but in only a minority are there findings suggestive of an arrhythmia or evidence of overt conduction disease：in most patients the mechanism cannot be determined. Patients rarely present with symptoms attributable to left or right heart failure，for example recurrent paroxysmal nocturnal dyspnoea，ascites，or peripheral edema. Thus，there is a wide spectrum of clinical presentation in hypertrophic cardiomyopathy，from severe cardiac failure in infancy to an incidental finding at any age.


Physical examination
 ：In most patients with hypertrophic cardiomyopathy the physical examination is unremarkable and the detection of abnormalities is dependent on the elucidation of subtle physical signs. There is usually a rapid upstroke arterial pulse，best felt in the carotid area，which reflects dynamic left ventricular emptying. Most patients also have a forceful left ventricular cardiac impulse，best appreciated on full-held expiration in the left lateral position. In about one-third of patients the jugular venous pulse may demonstrate a prominent “a” wave，reflecting diminished right ventricular compliance secondary to right ventricular hypertrophy. The first and second heart sounds are usually normal，and—unless patients are in atrial fibrillation—there is either a loud fourth heart sound，reflecting increased atrial systolic flow into a non-compliant ventricle，or a palpable atrial beat reflecting forceful atrial systolic contraction that may or may not be associated with significant forward flow of blood.

The most obvious physical sign in hypertrophic cardiomyopathy is an ejection systolic murmur present in those patients（20 to 30 percent）who have a resting left ventricular outflow tract gradient. This murmur starts well after the first heart sound and ends well before the second. It is best heard at the left sternal border，radiating towards the aortic and mitral areas but not into the neck or the axilla. The intensity varies with changes in ventricular volume；it can be increased by physiological and pharmacological manoeuvres that decrease afterload or venous return（amyl nitrate，standing，Valsalva），and decreased by manoeuvres that increase afterload and venous return（squatting，phenylephrine）. Occasionally，ejection systolic murmurs are associated at their onset with an ejection sound.


Electrocardiography
 ：Many patients have an intraventricular conduction delay，20 percent have left axis deviation，ST-segment depression and T-wave changes are the most common abnormalities and are usually associated with voltage changes of left ventricular hypertrophy and/or deep S waves in the anterior chest leads V1
 —V3
 . Voltage criteria for left ventricular hypertrophy are rare in the absence of repolarization changes. The incidence of arrhythmias during 48-hour ambulatory electrocardiographic monitoring increases with age. Non-sustained ventricular tachycardia is detected in 20 to 25 percent of adults and，although usually asymptomatic，is associated with an increased risk of sudden death. Supraventricular arrhythmias are also common in adults：these are poorly tolerated if sustained（more than 30 s）—unless the ventricular response is controlled—and they carry an increased risk of embolism.
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Fig.10-1 An echocardiogram（parasternal long axis view）of a patient with hypertrophic obstructive cardiomyopathy demonstrating hypertrophy of the interventricular septum（IVS），enlargement of the left atrium（LA），and systolic anterior motion of the mitral valve，bringing it into contact with the septum（arrow）.




Echocardiography
 ：The extent and severity of myocardial hypertrophy is best evaluated with two-dimensional echocardiography/Doppler. Left ventricular hypertrophy may be symmetric or asymmetric and localized to the septum or the free wall，but most commonly to both the septum and free wall with relative sparing of the posterior wall. Approximately one-third of patients also have hypertrophy of the right ventricular free wall，the presence and severity of which is strongly related to the severity of left ventricular hypertrophy.

Color Doppler provides a sensitive method of detecting left ventricular outflow tract turbulence，and when combined with continuous wave Doppler the peak velocity（Vmax
 ）of left ventricular blood flow can be measured and left ventricular outflow tract gradients calculated.


Diagnosis
 ：The diagnosis of hypertrophic cardiomyopathy is based upon the demonstration of unexplained myocardial hypertrophy，which is best done using two-dimensional echocardiography. The diagnosis requires that measurements of wall thickness exceed two standard deviations for gender-，age-，and size-matched populations. In practice，in an adult of normal size，the presence of a left ventricular myocardial segment of 1.5 cm or greater in thickness，in the absence of a recognized cause，is usually considered to be diagnostic.


Treatments



Pharmacological
 ：The goal of therapy is to improve symptoms and prevent complications，in particular sudden death. B-Adrenoceptor blockers and calcium antagonists are the mainstay of symptomatic pharmacological therapy. Both drugs have several potentially beneficial actions，including a decrease in the determinants of myocardial oxygen consumption and blunting of the heart-rate response during exercise，providing increased time for filling at equivalent workloads in those with poor relaxation and slow filling. Both agents exert a negative inotropic effect，thereby reducing hyperdynamic systolic function and left ventricular gradients；it is also claimed they improve diastolic filling by improving relaxation and by increasing compliance. The side-effects are rarely serious，but the suppressant effect on atrioventricular nodal conduction may cause problems in patients with unsuspected pre-existing conduction disease，and its vasodilatory and negative inotropic effects have resulted in acute pulmonary oedema and death. In practice，both drugs are effective but it is safer to use b-Adrenoceptor blockers. If this is ineffective，verapamil can then be tried，but it should be started in hospital in patients with conduction abnormalities，resting or provocable gradients，or impaired systolic function.


Arrhythmia
 ：Arrhythmias are a common complication of hypertrophic cardiomyopathy. Treatment with anticoagulants with or without verapamil or β-blockers is appropriate once atrial fibrillation is established. The aim of therapy is to control the ventricular response and prevent emboli. Sustained（more than 30 s）episodes of paroxysmal atrial fibrillation or supraventricular tachycardia occur，representing a risk of haemodynamic collapse and emboli. Low-dose amiodarone（1000 to 1400 mg weekly）is effective in suppressing such episodes and also provides control of the ventricular response should breakthrough occur.


Surgical treatments
 ：Surgery is a therapeutic option in patients with obstruction and/or mitral valve abnormalities. The conventional indication for surgery has been a resting left ventricular outflow tract gradient of more than 50 mmHg in patient’s refractory to medical therapy，and the commonest operation has been to remove a segment of the upper anterior septum.


Pacing
 ：The pacing option was promoted following recognition that alteration of the ventricular activation sequence，with optimization of filling characteristics by DDD pacing，may result in reduction of gradients and filling pressures and improved symptoms in selected patients. The role of DDD pacing in symptomatic management of obstruction was evaluated in three randomized multicentre trials，demonstrating symptomatic improvement and gradient reduction（50 percent），but no change in exercise capacity. However，the initial enthusiasm for DDD pacing has not been substantiated by greater experience and trials. Nevertheless，pacing offers a therapeutic option in patients with obstruction that is refractory to drug treatment. It appears that elderly patients with localized septal hypertrophy and without significant free wall involvement or mitral regurgitation may do particularly well.


alcohol septal ablation
 ：Injection of alcohol into the septal artery that supplies the “obstructing” septal muscle has been developed as a percutaneous，non-pharmacological approach to gradient reduction. Most experienced centres have reported excellent results. The major complication has been the need for a pacemaker in 5 to 10 percent，and concerns remain about long-term left ventricular function and arrhythmia risk from the “controlled myocardial infarction”. At present alcohol septal ablation offers a therapeutic option in patients with suitable anatomy who are refractory to drugs.


Dilated Cardiomyopathy



Definition
 ：Dilated cardiomyopathy is characterized by unexplained dilatation and impaired contractile performance of the left ventricle. Since the definition of dilated cardiomyopathy is a diagnosis of exclusion，it is likely that structural and functional abnormalities result from heterogeneous pathogenic processes.


Pathogenesis
 ：Pathogenesis of dilated cardiomyopathy remains controversial，with resolution hampered by clinical presentation at “endstage” when pathogenesis may be largely completed. A reasonable working hypothesis proposes an immune pathogenesis，with or without a viral trigger，in genetically predisposed individuals who carry a cytoskeletal or sarcomere gene mutation. Based on the molecular genetic findings，dilated cardiomyopathy is hypothesized to be a disease of the cardiac cytoskeleton，but pathogenesis is poorly defined. Macroscopic examination of hearts with dilated cardiomyopathy taken at autopsy or explanted reveals dilated cardiac chambers，mural thrombi，and platelet aggregates with normal extra- and intramural coronary arteries. Histology shows features consistent with healed myocarditis—patchy perimyocyte and interstitial fibrosis，various stages of myocyte death，as well as myocyte hypertrophy and rare isolated inflammatory cells. These postinflammatory findings are non-specific and do not suggest a particular pathogenesis.


Symptoms
 ：Initial presentation is usually with symptoms of cardiac failure（fatigue，breathlessness，decreased exercise tolerance），but an arrhythmia（atrial fibrillation，ventricular tachycardia，atrioventricular block），a systemic embolus，or the finding of an electrocardiographic or radiographic abnormality during routine screening may prompt earlier diagnosis. Symptoms，physical signs，and chest radiographic changes are those of cardiac failure and depend on the stage of the disease.


Physical examination
 ：Systolic blood pressure is usually low with a narrow pulse pressure and a low volume arterial pulse. In patients with severe left ventricular failure，pulses alternant may be present and the jugular veins may be distended，with a prominent V wave reflecting tricuspid regurgitation. In such patients the liver is often engorged and pulsatile，and there is usually peripheral edema and ascites. The apical impulse is usually displaced laterally，reflecting ventricular dilatation. The second heart sound is usually normally split，but paradoxical splitting may be present when there is left bundle branch block，which occurs is approximately 15 percent of patients. With severe disease and the development of pulmonary hypertension，the pulmonary component of the second heart sound may be accentuated. Characteristically，a presystolic gallop or fourth heart sound is present before the development of overt cardiac failure. However，once cardiac decompensation has occurred，ventricular gallop or third heart sound is often present. When there is significant ventricular dilatation，systolic murmurs are common，reflecting mitral and（less commonly）tricuspid regurgitation.


Electrocardiography
 ：Most patients show features consistent with diffuse myocardial abnormalities. Atrial arrhythmias and particularly atrial fibrillation are common and are associated with the severity of symptoms，left ventricular dysfunction，and poor prognosis. Ventricular arrhythmias are also common and like supraventricular arrhythmias are markers of disease severity. Non-sustained ventricular tachycardia during ECG monitoring is seen in approximately 20 percent of asymptomatic or mildly symptomatic patients and in up to 70 percent of those who are severely symptomatic.


Two-dimensional echocardiography
 is important in providing an easily repeated measure of cardiac cavity dimensions and systolic performance，assessment of regional wall motion as well as mural and intracavitary thrombi. Echocardiography provides the basis for assessment of treatment and monitoring of disease progression.
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Fig.10-2 Echocardiographic appearances of a young patient with familial dilated cardiomyopathy. Panel A：parasternal long-axis view showing significant left atrial（LA）and biventricular dilatation with a thin intraventricular septum（IVS）. Panel B：apical four-chamber view demonstrating dilatation of all four chambers. There is failure of the tricuspid leaflets to coapt in systole（arrow）. LV，left ventricle；RA，right atrium；RV，right ventricle.




Treatment
 ：Management in dilated cardiomyopathy is aimed at improving symptoms，attenuating disease progression，and preventing arrhythmia，stroke，and sudden death. Such non-specific therapy is unsatisfactory and will remain so until the etiology and pathogenesis of dilated cardiomyopathy are better delineated.

1. Pharmacological：Symptomatic therapy is the treatment of heart failure with reliance on ACE inhibitors，β-blockers，and diuretics. The use of low-dose b-blockade with gradual dosage augmentation as tolerated over months is increasingly supported by trial evidence，with metoprolol（6.25 to 50 mg twice daily），bisoprolol（1.25 to 10 mg once daily），and carvedilol（3.125 to 50 mg twice daily）proven to be beneficial. Recent large，prospective，randomized trials have redefined the role of b-blockade in the treatment of patients with dilated cardiomyopathy and congestive heart failure，demonstrating a substantial reduction not just in sudden death rates but in total mortality，heart failure mortality，and rates of admission to hospital for heart failure. Though ACE inhibition and angiotensin receptor antagonism also improve prognosis，the effects in reducing sudden death are less consistent. ACE inhibition usually results in only a transient decrease in aldosterone concentrations. If sustained or symptomatic arrhythmias are documented during 24-h ECG monitoring or exercise testing，conventional treatment is warranted. Amiodarone（100 to 400 mg daily）has no negative inotropic effect and is effective in suppressing both supraventricular and ventricular arrhythmias. The use of low-dose amiodarone（200 mg daily）with low to moderate dose of a β-blocker is often effective.

2. Non-pharmacological：Biventricular pacing can correct two important intracardiac conduction abnormalities patients with marked intraventricular conduction delay（for example left bundle branch block greater than 150 ms）experience asynchronous contraction of the left ventricular free wall and interventricular septum（which may decrease ejection fraction）and late activation of the anterolateral papillary muscle（which may increase functional mitral regurgitation）. Biventricular or left ventricular pacing with specialized leads via the coronary sinus can correct both problems and early anecdotal reports of dramatic amelioration of symptoms have been confirmed in randomized trials with subjective and objective evidence of clinical improvement. In addition，the resultant increase in blood pressure and pacemaker maintenance of the desired minimum heart rate permits use of higher doses of b-blockade and ACE inhibition with potential secondary benefit.

Cardiac transplantation has provided a lifeline in those with progressive deterioration. However，the improvements in the pharmacological and non-pharmacological treatments of heart failure in dilated cardiomyopathy appear to be attenuating the progression to end stage disease requiring transplantation. In addition，improvements in left ventricular assist devices and artificial heart technology provide alternatives that are now reasonably seen as viable future treatment options.


Restrictive Cardiomyopathy



Definition：
 Restrictive cardiomyopathy，the least common of the cardiomyopathies，is characterized by restrictive filling of one or both ventricles. This is usually caused by endomyocardial fibrosis.


Clinical features and investigation
 ：Disease onset is usually insidious. Clinical presentation relates to endomyocardial fibrosis：left-sided disease may present with symptoms of pulmonary congestion and/or mitral regurgitation，right-sided disease with raised jugular venous pressure，hepatomegaly，ascites，and tricuspid regurgitation. Radiographic and electrocardiographic appearances are non-specific，showing evidence of raised left and/or right atrial pressure and cardiomegaly with left ventricular hypertrophy. Pulmonary infiltrates，non-specific repolarization changes，and fascicular blocks may occasionally develop.

Two-dimensional echocardiography provides the best non-invasive means of confirming the diagnosis，allowing visualization of the structural abnormalities involving the endocardium and atrioventricular valves as well as demonstration of the abnormal physiology with restriction to filling.


Treatment
 ：Medical treatment of advanced disease is not particularly effective and the prognosis is poor，with 35 to 50 percent 2-year mortality. Congestive symptoms from raised right atrial pressure can be improved with diuretics，though too great a reduction in ventricular filling pressure will lead to a reduction in cardiac output. Arrhythmias are common，but their prognostic significance is uncertain and they should therefore not be treated unless they are sustained or associated with symptoms. Antiarrhythmic drugs that significantly slow the heart rate may be deleterious because of the small stroke volume. Digoxin may be helpful to control the ventricular response in atrial fibrillation，but cannot be expected to improve congestive symptoms as systolic function is usually well preserved. Anticoagulants may help to prevent venous thrombosis and systemic emboli；both warfarin and antiplatelet drugs are advised.


Arrhythmogenic Right Ventricular Cardiomyopathy


Arrhythmogenic right ventricular cardiomyopathy is characterized pathologically by fibrofatty replacement of the right ventricular myocardium and by clinical presentation with arrhythmia and sudden death. The disease is often familial（at least 30 percent）with autosomal dominant inheritance and incomplete penetrance. Clinical manifestations of the disease include structural and functional abnormalities of the right ventricle，electrocardiographic depolarization/repolarization changes，and presentation with sudden death or arrhythmias of right ventricular origin.


Symptomatic
 presentation is usually with palpitation and/or syncope from sustained ventricular arrhythmia. Ventricular tachycardia is of left bundle branch block morphology suggesting a right ventricular origin. Sudden death related to exercise may be the initial manifestation，especially in the young.


Structural and functional evaluation
 of the right ventricle is problematic. There is no ideal method：reliance on invasive angiography，two-dimensional echocardiography，radionuclide angiography，computed tomography，and/or magnetic resonance imaging will depend on local expertise and facilities. Quality imaging usually reveals segmental dilatation or localized aneurysm（s）of the right ventricular free wall with minimal but occasionally severe left ventricular impairment. The typical ECG presents inverted T waves in right ventricular precordial leads（V1
 —V3
 ）and ventricular postexcitation “epsilon waves”.
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Fig.10-3 A MRI in a young woman with arrhythmogenic right ventricular cardiomyopathy demonstrating a circumscribed area of enhanced MR signal intensity in the right ventricular（RV）free wall（arrows）due to fatty infiltration.




Diagnostic
 criteria are based on evidence of familial disease and on the clinical demonstration of structural，functional，and electrophysiological abnormalities that are caused by or reflect the underlying histological changes. The presence of two major or one major and two minor or four minor features provides specific though possibly insensitive diagnostic criteria.


Management
 aims to identify those at risk of sustained ventricular arrhythmia and to prevent sudden death. Assessment of asymptomatic patients should include exercise testing and Holter monitoring for detection of occult arrhythmia. Antiarrhythmic treatment guided by electrophysiological studies is warranted in patients with palpitation，syncope，or documented sustained ventricular arrhythmia，and should also be considered in those with a markedly abnormal signal-averaged electrocardiogram who are at increased risk. The morphology of ventricular arrhythmia may vary，suggesting multiple sites of origin. Arrhythmias are usually progressive and therapy—whether pharmacological，ablation，or surgical—is not usually definitive. Implantable cardioverter defibrillators are the treatment of choice in patients resuscitated from haemodynamically compromising ventricular tachycardia or ventricular fibrillation.











11 Hypertension






11.1 Definitions and classification

Hypertension，or high blood pressure，is the chronic state of elevated pressure in the arteries. Blood pressure is produced by the flow of blood in the arteries. High blood pressure is a major risk factor for heart disease，congestive heart failure，stroke，impaired vision，and kidney disease. Generally，the higher the blood pressure，the greater the risk. Untreated hypertension affects all organ systems and can shorten ones life expectancy by 10 to 20 years. Blood pressure readings are expressed as two numbers，such as 140/90 mmHg. The top number，140，refers to systolic blood pressure and 90 refers to diastolic blood pressure. Systolic pressure is measured while the heart contracts and pumps blood into the arteries. Diastolic pressure is measured while the heart fills with blood. Blood pressure has a unimodal distribution in the population as well as a continuous relationship with CV risk. For practical reasons the term “hypertension” is used in daily practice. However the real threshold for defining “hypertension” must be considered as flexible，being high or low based on the total CV risk of each individual.


ESC2007Guideline：Classification of blood pressure（BP）levels（mmHg）


Optimal systolic：＜120 and diastolic：＜80

Normal systolic：120—129 and/or diastolic：80—84

High normal systolic：130—139 and/or diastolic：85—89

Grade 1 hypertension systolic：140—159 and/or diastolic：90—99

Grade 2 hypertension systolic：160—179 and/or diastolic：100—109

Grade 3 hypertension systolic：≥180 and/or diastolic：≥110

Isolated systolic hypertension systolic：≥140 and diastolic：＜90

11.2 Etiology

Most people have essential hypertension，which has no identifiable cause. Some think it may be due in part to a genetic predisposition. The probability of developing this condition increases with age. In approximately 5% of patients，a secondary cause exists. Secondary causes include certain types of kidney disease，abnormal functioning of certain glands（adrenal glands，thyroid gland，parathyroid glands），chronic intake of certain substances and medications（e.g.，alcohol，steroids），and the presence of a rare tumor（e.g.，pheochromocytoma，which secretes adrenaline-like substances）.

11.3 Pathophysiology

Blood pressure is controlled by a complex combination of processes that influence cardiac output（CO）and total peripheral vascular resistance（TPR）.Hypertension is a hemodynamic disorder indicating a disturbance in the ratio between CO and TPR.In primary hypertension（“Essential”）and secondary hypertension，multiple factors play a role. 90%—95% of hypertension is primary or essential hypertension. Hypertension requires the participation of the kidney，the heart and blood vessels.Genetics-Hypertension clusters in families multiple genes are involved. Polymorphisms in renin-angiotensin aldosterone system：ACE gene variants，angiotensinogen gene M235T variant，angiotensin 2 type 1 receptor variations.

Primary increase in cardiac output：normally observed in early young hypertensive patients，High resting cardiac output normal TPR. Hypertension of 10—20 years duration cardiac output low TPR high probably due to cardiac and vascular remodeling. Cardiac volume expansion due to excess salt intake，in general as salt intake increases，population studies show a sharp break point. That is，above a certain level of salt intake，hypertension greatly increases. Salt restriction decreases BP but not all populations on high salt develop hypertension；patients susceptible to hypertension have an inherent defect in salt excretion. Hypotheses：reset pressure natriuresis defect in natriuretic hormone action-this is the postulated “ouabain like hormone” not
 atrial natriuretic peptide ANP patients susceptible to hypertension have an inherent defect in salt excretion，most patients（70%）with hypertension have elevated or normal renin levels.

11.4 Symptoms

Elevated blood pressure is usually asymptomatic until organ damage occurs. However，most patients labour under the illusion that any concurrent symptom is attributable to high blood pressure or its treatment. In some cases，the knowledge that a patient has high blood pressure creates a fertile soil for the growth of functional symptoms. Thus，patients who have been told that they are hypertensive have a much higher incidence of headache than hypertensive patients who are unaware of the fact.

The classic hypertensive headache is present on waking in the morning，situated in the occipital region of the head，radiating to the frontal area，throbbing in quality，and wears off during the course of the day. Most headaches in hypertensive patients are tension headaches not directly related to blood pressure at all. The incidence of such symptoms rises when patients become aware of the diagnosis. Nevertheless，effective treatment of hypertension reduces the incidence of headache. How far this is a specific consequence of blood pressure lowering and how far it is due to reassurance is uncertain. Morning headaches in obese hypertensive patients may be due to sleep apnoea.


Symptoms Associated with Target Organ Damage



Cardiovascular system：
 Effort dyspnoea and orthopnoea suggest cardiac failure. Increased left ventricular mass is associated with decreased compliance and impaired cardiac output response to exercise. This is more likely in elderly patients whose cardiac reserves are less. Claudication suggests peripheral atheromatous vascular disease and is usually associated with atheroma elsewhere，such as the renal or carotid arteries. Angina of effort is also usually due to atheroma，although the coronary vascular tree may be free of plaques in a few cases.


Central nervous system：
 Scotomas suggest fundal haemorrhages or exudates，whilst blurring of vision is associated with papilloedema. These symptoms therefore deserve particular attention. Decline in cognitive performance detectable only by formal psychometric testing is more common than was once believed. It occurs particularly in long-standing untreated hypertension and in the elderly. More clinically apparent failure in concentration and memory may be due to more advanced cerebrovascular disease，depression，or centrally acting antihypertensive drugs. Extensive disease of the perforating arteries may give rise to a lacunar state characterized by progressive pseudobulbar palsy and dementia. The presence or absence of diffuse cerebrovascular disease can have important consequences for the development of dementia in Alzheimer’s disease. Patients without such vascular lesions are less likely to show cognitive impairment than those with vascular lesions in the presence of the characteristic pathology of Alzheimer’s disease.


Renal system：
 Haematuria or haematospermia suggest the malignant phase of hypertension in the absence of any other cause. Advanced renal failure in the absence of malignant hypertension suggests bilateral atheromatous renovascular or other forms of renal disease.

11.5 Measuring blood pressure

Several steps ensure that the measured blood pressure truly represents the patient”s blood pressure：patients should sit with their arms supported at heart level. Patients should not smoke or ingest caffeine for 30 minutes prior to blood pressure measurement. Patients should sit down for at least 5 minutes before blood pressure is measured. The bladder（inflatable part）of the blood pressure cuff should encircle at least 80% of the arm. A large cuff should be used for patients with thick arms. Two or more readings should be taken at least 2 minutes apart. Although office BP should be used as the reference，ambulatory BP may improve prediction of CV risk in untreated and treated patients. 24-h ambulatory BP monitoring should be considered，in particular，when considerable variability of office BP is found high office BP is measured in subjects otherwise at low total CV risk there is a marked discrepancy between BP values measured in the office and at home. Resistance to drug treatment is suspected. Normal values for 24 hour average BP are lower than for office BP，i.e. ＜ 125—130 mmHg systolic and ＜80 mmHg diastolic. Normal values of daytime BP are ＜130—135 mmHg systolic and ＜85 mmHg diastolic.

11.6 Subclinical organ damage

Due to the importance of subclinical organ damage as an intermediate stage in the continuum of vascular disease and as a determinant of total CV risk，signs of organ involvement should be sought carefully by appropriate techniques：


Heart


Electrocardiography should be part of all routine assessment of subjects with high BP in order to detect left ventricular hypertrophy，patterns of “strain”，ischemia and arrhythmias.

Echocardiography is recommended when a more sensitive method of detection of left ventricular hypertrophy is considered useful as well assessment of left ventricular systolic function. Geometric patterns can be defined echocardiographically，of which concentric hypertrophy carries the worse prognosis. Diastolic dysfunction can be evaluated by transmitral Doppler.


Vessels ultrasound
 scanning of the extracranial carotid arteries is recommended when detection of vascular hypertrophy or asymptomatic atherosclerosis is deemed useful. Large artery stiffening（leading to isolated systolic hypertension in the elderly）can be measured by pulse wave velocity. It might be more widely recommended if its availability were greater. A low ankle-brachial BP index signals advanced peripheral artery disease.


Kidney


Diagnosis of hypertension-related renal damage is based on a reduced renal function or an elevated urinary excretion of albumin. Estimation from serum creatinine of glomerular filtration rate or creatinine clearance should be routine procedure. Urinary protein should be sought in all hypertensive by dipstick. In dipstick negative patients low grade albuminuria（microalbumniuria）should be determined in spot urine and related to urinary creatinine excretion.


Fundoscopy Examination


Fundoscopy examination of eye grounds is recommended in severe hypertensive only. Mild retinal changes are largely non-specific except in young patients.Haemorrhages，exudates and papilloedema，only present in severe hypertension，are associated with increased CV risk.


Brain


Silent brain infarcts，lacunar infarctions，microbleeds and white matter lesions are not infrequent among hypertensive，and can be detected by MRI or CT.

11.7 Identifying secondary causes of hypertension

Search for secondary hypertension when suggested by history，physical examination or routine tests. Pheochromocytoma secretes catecholamines，which，besides elevating BP，usually produce symptoms（various combinations of headache，palpitations，tachycardia，excessive perspiration，tremor，and pallor）that should alert the physician to this possibility. Catecholamines（eg，epinephrine，norepinephrine）are eventually metabolized in the body to a common product，3-methoxy-4- hydroxymandelic acids，often called vanillylmandelic acids（VMA）. Diagnosis depends on demonstrating increased urinary or plasma concentrations of catecholamine or increased urinary concentrations of metanephrines and VMA.Hypokalemia not due to diuretics should suggest primary aldosteronism. Proteinuria，cylindruria，or microhematuria with or without nitrogen retention early in the course of hypertension is strong evidence of underlying primary renal disease. Absent or markedly reduced and delayed femoral arterial pulses in a hypertensive patient aged ＜ 30 yr are presumptive evidence of coarctation of the aorta. Cushing’s syndrome，collagen disease，toxemia of pregnancy，acute porphyria，hyperthyroidism，myxedema，acromegaly，some CNS disorders，and primary aldosteronism must be excluded；measurement of renin，aldosterone，corticosteroids，catecholamines in plasma and/or urine；arteriographies；renal and adrenal ultrasound；computer-assisted tomography；magnetic resonance imaging.

11.8 Diagnosis

Diagnosis of primary hypertension depends on repeatedly demonstrating higher-than-normal systolic and/or diastolic BP and excluding secondary causes. The basic or minimal evaluation recommended for patients with hypertension includes history and physical examination，urinalysis，serum analysis（creatinine；K；Na；glucose；total，high density，and low density lipoprotein cholesterol）. Broad notched P-wave abnormalities on the ECG are among the earliest signs of hypertensive heart disease. Echocardiographic evidence of left ventricular hypertrophy may appear later. Chest X-ray is often normal until the late dilated phase of hypertensive heart disease. Aortic dissection or leaking aneurysm of the aorta may be the first sign of hypertension or may complicate untreated hypertension. Polyuria，nocturia，diminished renal concentrating ability，proteinuria，microhematuria，cylindruria，and nitrogen retention are late manifestations of arteriolar nephrosclerosis.Retinal changes may include retinal hemorrhages，exudates，papilledema，and vascular accidents. On the basis of retinal changes，Keith，Wagener，and Barker classified hypertension into groups that have important prognostic implications：group 1—constriction of retinal arterioles only；group 2—constriction and sclerosis of retinal arterioles；group 3—hemorrhages and exudates in addition to vascular changes；group 4（malignant hypertension）—papilledema.

11.9 Treatment

In hypertensive patients，the primary goal of treatment is to achieve maximum reduction in the long-term total risk of CV disease. This requires treatment of the raised BP per se as well as of all associated reversible risk factors. BP should be reduced to at least below 140/90 mmHg（systolic/diastolic），and to lower values，if tolerated，in all hypertensive patients. Target BP should be at least ＜130/80 mmHg in patients with diabetes and in high or very high risk patients，such as those with associated clinical conditions（stroke，myocardial infarction，renal dysfunction，proteinuria）.Despite use of combination treatment，reducing systolic BP to ＜140 mmHg may be difficult and more so if the target is a reduction to ＜130 mmHg.Additional difficulties should be expected in elderly，in patients with diabetes，and in general，in patients with CV damage. In order to more easily achieve goal BP，antihypertensive treatment should be initiated before significant CV damage develops.


Life Style Modification


In some patients，particularly those whose blood pressure is moderately elevated，life style modifications alone may achieve treatment goals. Patients who require pharmacological therapy may reduce the number and doses of medications through life style modification.

Weight loss：Overweight patients can reduce blood pressure by losing weight. Gradual weight loss through modified calorie intake and increased physical activity is a good approach. A goal of losing 10—15 pounds is reasonable for many patients.

Physical activity：Regular，moderate aerobic exercise can modestly decrease blood pressure and has many other beneficial effects. A program of gradually increased activity is most prudent，such as taking a brisk，20—30 minute walk，3—5 times a week. Salt（sodium chloride）restriction. Excessive salt intake can contribute to hypertension in some people. Even modest restriction of salt may decrease blood pressure. Generally，many doctors advise those with high blood pressure to avoid salty food and to limit daily sodium intake to no more than approximately 3—4 grams.

Limited alcohol consumption：Moderate alcohol intake（one or two glasses of an alcoholic beverage a day）does not appear to cause hypertension；however，chronic heavy alcohol use elevates blood pressure. This is the most common reversible cause of high blood pressure. Therefore，hypertension patients who drink alcohol excessively should reduce their consumption of alcohol.

Increase in fruit and vegetable intake and decrease in saturated and total fat intake. Because long-term compliance with lifestyle measures is low and the BP response highly variable，patients under non-pharmacological treatment should be followed-up.


Medications to Lower Blood Pressure



Diuretics
 ：Diuretics increase the kidneys’ excretion of salt（sodium）and water，decreasing the volume of fluid in the bloodstream and the pressure in the arteries. Diuretics are the oldest and most studied antihypertensive agents. One of the most commonly used diuretic agents is hydrochlorothiazide 25 mg daily. Other diuretics used to treat hypertension include the following：Indapamide 2.5 mg daily，Spirnolactone 20 mg daily，Combination medications that contain both a diuretic and a different class of antihypertensive agent are being produced. The main side effect of these agents is increased frequency of urination. Another side effect is increased urinary excretion of potassium. Because of this，doctors monitor blood potassium levels when initiating therapy and periodically thereafter. Patients who have low potassium levels are encouraged to eat foods rich in potassium，such as bananas，or may be prescribed a potassium supplement.


Beta blockers
 ：This class of medications decreases the vigor of the heart’s contractions. By decreasing the force used to pump blood into the arteries，the medications decrease blood pressure. In addition to lowering blood pressure，beta blockers have multiple beneficial effects（including prolonged life）in patients with coronary artery disease，patients who have had myocardial infarction（heart attack），and many patients with congestive heart failure（CHF）. Commonly used beta blockers include the following：Bisoprolol 5—10 mg daily，Carvedilol 10—20 mg daily，Metoprolol 25—100 mg daily. Potential side effects of the beta blockers are slowing the heart rate excessively，worsening heart failure（careful long-term use has been shown to frequently provide beneficial effects in patients with CHF），and，rarely，contributing to confusion，depression，and impotence（erectile dysfunction）.


Calcium channel blockers
 ：This class of agents lowers blood pressure in several ways. Two of these agents，diltiazem and verapamil act in part like the beta blockers，decreasing the vigor of the heart’s contractions. They decrease blood pressure by decreasing the force with which blood is pumped into the arteries. These agents also dilate arteries，decreasing resistance to blood flow，thereby decreasing blood pressure. The newer calcium channel blockers primarily dilate the arteries and have little effect on the forcefulness of the heart’s contractions. These include：Amlodipine 5—10 mg daily，Felodipine 5—10 mg daily，Idradipine 5 mg daily. Amlodipine has been combined with the cholesterol-lowering drug Lipitor？to treat patients with high blood pressure and high cholesterol. This combination drug，which is called Caduet？Offers the convenience of taking only one medication to control both conditions.

Calcium channel blockers may have serious side effects and should be used with caution in patients with pulmonary arterial hypertension（PAH）. In some cases，diltiazem and verapamil，which decrease the force of the heart’s contractions，worsen congestive heart failure symptoms. Verapamil may occasionally cause constipation，especially in elderly patients. Many of the calcium channel blockers cause headache and edema in the ankles and feet.


ACE inhibitors
 ：These medications help dilate the arteries，thereby decreasing resistance to blood flow and consequently decreasing blood pressure. They have many other beneficial effects and are used to treat patients with congestive heart failure. Many studies have shown that treatment of heart failure patients with ACE inhibitors improves heart failure symptoms，decreases the chance of future hospitalizations，decreases the risk for future heart attack，and decreases the risk of death from heart failure. There are many ACE inhibitors available，including the following：Benazepril 5 mg daily，Captopril 25—50 mg daily，Enalapril 5—20 mg daily，Fosinopril 10—20 mg daily，Lisinopril 5 mg daily，Ramipril 10—20 mg daily，Trandolapril 5—10 mg daily.

ACE inhibitors are usually tolerated well，but there are potential side effects. Approximately 10% of patients develop a chronic nonproductive cough. Rarely，ACE inhibitors produce a sudden swelling of the lips，face，and cheek areas in an allergic reaction that can occur at any time during therapy. If an allergic reaction occurs，medical attention should be sought immediately. Because ACE inhibitors can affect kidney function and raise the potassium level，doctors monitor these during the first several weeks of therapy and periodically thereafter.


Angiotensin-receptor blockers
 （ARBs）：This is a new class of medications，which are similar in some respects to ACE inhibitors. Like ACE inhibitors，they help dilate arteries，lowering blood pressure and making it easier for the heart to pump blood throughout the body. Also，like ACE inhibitors，they can improve congestive heart failure symptoms，decrease the chances of future hospitalizations for heart failure，and prolong life. Currently available ARBs include：Candesartan 8 mg daily，Irbesartin 150 mg daily，Losartin 75—150 mg daily，Telmisartin 80 mg daily，Valsartan 80 mg daily. The ARBs are generally taken once a day and do not commonly produce significant side effects. Rarely，they interfere with or worsen kidney function.


Choice of Antihypertensive Drugs


The main benefits of antihypertensive therapy are due to lowering of BP per se. Five major classes of antihypertensive agents-thiazide diuretics，calcium antagonists，ACE-inhibitors，angiotensin receptor blockers and β-blockers are suitable for the initiation and maintenance of antihypertensive treatment，alone or in combination. B-blockers，especially in combination with a thiazide diuretic，should not be used in patients with the metabolic syndrome or at high risk of incident diabetes. In many patients more than one drug is needed，so emphasis on identification of the first class of drug to be used is often futile. Nevertheless，there are conditions for which there is evidence in favor of some drugs versus others either as initial treatment or as part of a combination. The choice of a specific drug or a drug combination，and the avoidance of others should take into account the following：The previous favorable or unfavorable experience of the individual patient with a given class of compounds. The effect of drugs on CV risk factors in relation to the CV risk profile of the individual patient，the presence of subclinical organ damage，clinical CV disease and renal disease or diabetes which may be more favorably treated by some drugs than others. The presence of other disorders that may limit the use of particular classes of antihypertensive drugs. The possibilities of interactions with drugs used for other conditions. The cost of drugs，either to the individual patient or to the health provider. However，cost considerations should never predominate over efficacy，tolerability，and protection of the individual patient. Continuing attention should be given to side-effects of drugs，because they are the most important cause of non-compliance. Drugs are not equal in terms of adverse effects，particularly in individual patients the BP lowering effect should last 24 hours. This can be checked by office or home BP measurements at trough or by ambulatory BP monitoring. Drugs which exert their antihypertensive effect over 24 hours with a once-a-day administration should be preferred because a simple treatment schedule favors compliance.


Contra-indications to Use Certain Antihypertensive Drugs



Thiazidediuretics
 ：Gout，Metabolic syndrome，Glucose intolerance，Pregnancy.


Diuretics（antialdosterone）
 ：Renal failure，Hyperkalaemia.


Beta-blockers
 ：Asthma，A-V block（grade 2 or 3），Peripheral artery disease，Metabolic syndrome，Glucose intolerance，Athletes and physically active patients，Chronic obstructive pulmonary disease.


Calcium antagonists（dihydropiridines）
 ：Tachyarrhythmias；Heartfailure.


Calcium
 ：A-V block（grade 2 or 3），Heart failure.


ACE-inhibitors
 ：Pregnancy，Angioneuroticedema，Hyperkalaemia，Bilateral renal artery stenosis.


Angiogenesis receptor blockers
 ：Pregnancy，Hyperkalaemia，Bilateral renal artery stenosis.


Monotherapy vs Combination Therapy


Regardless of the drug employed，monotherapy allows to achieve BP target in only a limited number of hypertensive patients. Use of more than one agent is necessary to achieve target BP in the majority of patients. A vast array of effective and well tolerated combinations is available. Initial treatment can make use of monotherapy or combination of two drugs at low doses with a subsequent increase in drug doses or number，if needed.Monotherapy could be the initial treatment for mild BP elevation with low or moderate total CV risk. A combination of two drugs at low doses should be preferred as the first step in treatment when the initial BP is in the grade 2 or 3 or total CV risk is high or very high with mild BP elevation. Combinations of two drugs can simplify the treatment schedule and favor compliance. In several patients BP control is not achieved by two drugs，and a combination of three of more drugs is required. In uncomplicated hypertensives and in the elderly，antihypertensive therapy should normally be initiated gradually in higher risk hypertensives，goal BP should be achieved more promptly，which favors initial combination therapy and quicker adjustment of doses.

11.10 Patients’ follow-up

Effective and timely titration to BP control requires frequent visits in order to timely modify the treatment regimen in relation to BP changes and the appearance of side-effects. Once the target BP has been reached，the frequency of visits can be considerably reduced. However，excessively wide intervals between visits are not advisable because they interfere with a good doctor-patient relationship，which is crucial for patient’s compliance.Patients at low risk or with grade 1 hypertension may be seen every 6 months and regular home BP measurements may further extend this interval. Visits should be more frequent in high or very high risk patients. This is the case also in patients under non-pharmacological treatment alone due to the variable antihypertensive response and the low compliance to this intervention. Follow-up visits should aim at maintaining control of all reversible risk factors as well as at checking the status of organ damage. Because treatment-induced changes in left ventricular mass and carotid artery wall thickness are slow，there is no reason to perform these examinations at less than 1 year intervals. Treatment of hypertension should be continued for life because in correctly diagnosed patients cessation of treatment is usually followed by return to the hypertensive state. Cautious downward titration of the existing treatment may be attempted in low risk patients after long-term BP control，particularly if non-pharmacological treatment can be successfully implemented.











12 Syncope







Definition


Syncope is a sudden transient loss of consciousness and postural tone with spontaneous recovery. Loss of consciousness results from a reduction of blood flow to the reticular activating system located in the brain stem and does not require electrical or chemical therapy for reversal. The metabolism of the brain，in contrast to that of many other organs，is exquisitely dependent on perfusion. Consequently，cessation of cerebral blood flow leads to loss of consciousness within approximately 10 seconds. Restoration of appropriate behavior and orientation after a syncopal episode is usually immediate. Retrograde amnesia is uncommon. Syncope is an important clinical problem because it is common，is costly，is often disabling，may cause injury，and may be the only warning sign before sudden cardiac death.


Etiology


The causes of syncope can be classified into six primary groups：vascular，cardiac，neurologic-cerebrovascular，psychogenic，metabolic-miscellaneous，and syncope of unknown origin. Vascular causes of syncope are most common，followed by cardiac causes of syncope. Psychogenic causes of syncope are now being recognized with increased frequency. Although knowledge of the common conditions that can cause syncope is essential and allows the clinician to arrive at a probable cause of syncope in the majority of patients，it is equally important for the clinician to be aware of several of the less common but potentially lethal causes of syncope，such as the long QT syndrome，Arrhythmogenic right ventricular dysplasia，Brugada syndrome，hypertrophic cardiomyopathy，and pulmonary emboli. It is also important to recognize that the distribution of the causes of syncope varies with age. In young individuals，neurally mediated syncope is by far most common，but neurally mediated syncope is an unusual type of syncope in elderly persons. Common causes of syncope in elderly persons include orthostatic hypotension，postprandial hypotension，medication，aortic stenosis，carotid sinus hypersensitivity，and bradyarrhythmias（i.e.，sick sinus syndrome，heart block）.


Symptoms


The importance of the clinical history in assessing a patient with syncope cannot be overemphasized. If possible an eyewitness description of the patient during the syncopal event should always be obtained.


Provocative factors：
 Vasovagal syncope is classically associated with upright posture，often with aggravating circumstances such as prolonged standing，a hot environment，or hunger. However，episodes may also occur when seated，including when driving. Specific stimuli may be responsible for neurocardiogenic syncope in susceptible individuals. Ventricular arrhythmia，in particular torsade de pointes in the long-QT syndrome，may be provoked by sudden stimuli such as a noise，for example an alarm clock. Exertional syncope is a feature of aortic stenosis or hypertrophic cardiomyopathy.


Preceding symptoms：
 Sweating and feeling hot or nauseated may precede vasovagal syncope. Cardiac arrhythmia may be associated with palpitation，chest pain，or breathlessness. Bradycardia，such as intermittent complete heart block，may produce no preceding symptoms and may cause loss of consciousness without warning. Sinoatrial dysfunction is a cause of symptoms of dizziness and light-headedness in addition to syncope. A psychiatric origin may be suggested by multiple associated symptoms including hyperventilation，palpitation and chest pain，which may precede syncope. Epilepsy may be preceded by a characteristic aura，which would strongly point away from syncope as the diagnosis.


The syncopal episode：
 The duration of loss of consciousness is usually short in syncope，with recovery after a few minutes. A longer duration of loss of consciousness would suggest an alternative diagnosis. An exception to this is when the patient has remained upright during the attack，possibly aided by well-meaning but misguided helpers. Incontinence is a feature of epileptic seizure but may also occur（uncommonly）with syncope. Description of the patient during the episode is of great value. The classic description of an episode of syncope due to cardiac arrhythmia，in particular sudden-onset severe bradycardia，is of a sudden loss of color，becoming deathly pale，with flushing on recovery（Stokes-Adams attack）. Cyanosis may be a feature of an arrhythmic origin of syncope. Convulsive movements during the episode would raise the possibility of epilepsy，but they also occur with syncope.


The recovery period：
 By contrast to the postictal phase following epilepsy，there is commonly a rapid recovery of cerebral function following syncope. Vasovagal syncope may be followed by persisting nausea or vomiting.


Family history：
 There are a few specific causes of syncope in which a family history of syncope or sudden death may have prognostic significance. Long-QT syndrome is hereditary and may be associated with sudden death. A family history of syncope is of adverse prognostic significance in hypertrophic cardiomyopathy.


Associated injury：
 In addition to concern about prognosis in cardiac syncope，there is the possibility of injury occurring with any cause of syncope. The exception to this is syncope of psychiatric origin when injuries are absent despite frequently recurring symptoms.


Diagnosis


The investigation of cardiac disease and arrhythmia are dealt with in the appropriate chapters，but the approach to the patient with syncope will be described briefly.


Electrocardiogram：
 An ECG should be performed on all patients with syncope. This may provide evidence of either etiology of syncope，such as the long-QT syndrome，or of structural heart disease，such as prior myocardial infarction or left ventricular hypertrophy. An arrhythmia may be documented if it is sustained. There may be evidence of arrhythmia，or sinoatrial disease or conduction system disease，such as trifasicular block，bundle-branch block，or first-or second-degree block. In the absence of carotid bruits，carotid sinus massage，with digital pressure to the carotid artery for up to 5 s，may cause marked bradycardia，with pauses of more than 3-s duration，in carotid sinus hypersensitivity.


Ambulatory monitoring：
 Documentation of cardiac rhythm during syncope is desirable but is difficult to obtain because of the intermittent and usually infrequent nature of the symptom. Holter monitoring is unlikely to record the rhythm during an episode but may provide evidence of lesser degrees of abnormality，which may support a diagnosis such as sinoatrial dysfunction. Real-time event-recorders are also of limited value in the investigation of syncope because they require a conscious patient to make the recording. Patient-activated loop-recorders，which can store the rhythm prior，during，and following an episode，may be of more value. Implantable loop-recorders are of value in difficult cases.


Tilt-table testing：
 The tilt-table test is a standard and widely accepted diagnostic test for evaluating patients with syncope. To the extent that upright tilt testing provides diagnostic evidence indicating susceptibility to neurally mediated syncope，it is considered the “gold standard”for establishing this diagnosis. When the history is suggestive of vasovagal syncope，the tilt-test is of value in confirming the diagnosis，allowing reassurance of the patient and clarification of treatment options. However，if cardiac syncope is likely then tilt-testing may be deferred until cardiac investigations are completed. A negative tilt-test does not exclude neurocardiogenic syncope and repeating the test with provocation（isoprenaline or nitrate）may increase its sensitivity.


Electrophysiological testing：
 Abnormal sinus node function or evidence of atrioventricular conduction disease may be elicited by electrophysiological testing，but demonstrating bradycardia during ambulatory monitoring more reliably makes both these diagnoses. In patients with structural heart disease in whom arrhythmia is suspected，programmed electrical stimulation of the ventricles can induce sustained monomorphic ventricular tachycardia. This is a relatively specific response and shows that the patient is at risk of recurrent ventricular arrhythmia，and makes an arrhythmic origin of syncope likely. The diagnostic yield of electrophysiological testing is low in patients with a structurally normal heart.


Other investigations：
 Assessment for structural heart disease is important. Physical examination will detect most significant valve disease，but other diagnoses，for example hypertrophic cardiomyopathy or atrial myxoma，may produce little in the way of clinical signs. An echocardiogram is therefore worthwhile. A strong suspicion of diagnoses other than syncope should lead to other investigations，including EEG and brain imaging，but these have a low diagnostic yield in patients with syncope and should not be routine.


Treatment


The approach to treatment of a patient with syncope depends largely on the diagnosis that is established. For example，the appropriate treatment of a patient with syncope related to AV block or sick sinus syndrome would probably involve placement of a permanent pacemaker，treatment of a patient with syncope related to the Wolff-Parkinson-White syndrome would probably involve catheter ablation，and treatment of a patient with syncope related to VT would probably involve placement of an implantable defibrillator. For other types of syncope，optimal management may involve discontinuation of an offending pharmacological agent，an increase in salt intake，or education of the patient. Other issues that need to be considered include the indication for hospitalization of a patient with syncope and duration of driving restrictions. Generally，hospital admission is indicated when there is concern regarding a potentially life-threatening cause of syncope or when significant injury has occurred. Physicians who care for patients with syncope are often asked to address the issue of driving risk. Patients who experience syncope while driving pose a risk both to themselves and to others. Although some would argue that all patients with syncope should never drive again because of the theoretical possibility of a recurrence，this is an impractical solution that would be ignored by many patients.

Because neurally mediated syncope is so common，therapy is outlined in detail. For many patients，particularly those with infrequent episodes associated with an identifiable precipitant，education about avoidance of predisposing factors and a moderate increase in salt intake are effective treatment. Patients can also be instructed to lie down at the beginning of symptoms or to cross their legs（if sitting）and squeeze them together. For others，treatment involves removal or avoidance of drugs that predispose to orthostatic hypotension or volume depletion，such as vasodilators and diuretics. Treatment with pharmacological agents is usually targeted at patients in whom syncope is recurrent or has been associated with physical injury. The medications that are generally relied on to treat neurally mediated syncope include beta blockers，fludrocortisone，serotonin reuptake inhibitors，and midodrine. Despite the widespread use of these agents，none of these pharmacological agents have been demonstrated to be effective by the results of multiple large prospective randomized clinical trials.









SECTION Ⅳ Pulmonary Disease
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13 Acute Bronchitis



Acute bronchitis is an inflammation of the bronchial tubes，or bronchi. Bronchi are the air passages that extend from the trachea into the small airways and the alveoli. Viruses，bacteria，parasites，smoking，or inhalation of chemical pollutants or dust may cause inflammation.


Etiology


Acute bronchitis is usually caused by infection，such as those caused by Mycoplasma species，Chlamydia pneumonia，Streptococcus pneumonia，Moraxella catarrhal，and Haemophilus influenzae and by viral infection，such as those caused by influenza，para-influenzae，adenovirus，rhinovirus，and respiratory syncytial virus. Exposure to irritants，such as pollution，chemicals，and cigarette smoke，may also cause acute bronchial irritation.


Epidemiology：
 Acute bronchitis is common throughout the world and is one of the top 5 reasons for physician visits in countries that collect such data. Bronchitis is almost always self-limited in individuals who are otherwise healthy，although it may result in absenteeism from work and school. Severe cases occasionally produce deterioration in patients with significant underlying cardiopulmonary disease or other morbidities. No difference in racial distribution exists；however，bronchitis occurs more frequently in populations with a low socioeconomic status and in people who live in urban and highly industrialized areas. Bronchitis affects males more than females. Acute bronchitis is most frequently diagnosed in children younger than 5 years.


Pathophysiology：
 During an episode of acute bronchitis，the cells of the bronchial-lining tissue are irritated and mucous membrane is hyperemic and edematous，diminishing bronchial mucociliary function. Consequently，the air passages become clogged by debris and irritation increases. In response，copious secretion of mucus develops，which causes the characteristic cough of bronchitis. For instance，with Mycoplasma pneumonia，bronchial irritation results from the attachment of the organism to the respiratory mucosa，with eventual sloughing of affected cells. Acute bronchitis usually lasts about 10 days. If the inflammation extends downward to the ends of the bronchial tree，into the small bronchi，and then into the air sacs，bronchopneumonia results.


Symptoms


Symptoms of acute bronchitis include the following：fever，cough and sputum production. Cough begins early in the course of many acute respiratory infections and tends to become more prominent as the disease progresses. In one prospective study of acute respiratory disease，45% of patients were coughing 2 weeks after presentation，and 25% were coughing after 3 weeks. Sputum production was reported in approximately half of the patients in whom cough occurred. An initially dry cough may later induce production of mucoid sputum，which character develops a more purulent character in later stages of illness.


Physical Examination


Patients may be afebrile or have a low-grade fever. The rest of the physical examination findings in acute bronchitis can vary from normal to pharyngeal erythema，localized lymphadenopathy，and rhinorrhea to coarse rhonchi and wheezes that change in location and intensity after a deep and productive cough. Diffuse wheezes，high-pitched continuous sounds，and the use of accessory muscles can be observed in severe cases. Occasionally，diffuse diminution of air intake or inspiratory stridor occurs；these findings indicate obstruction of a major bronchi or the trachea，which requires sequentially vigorous coughing，suctioning，and，possibly，intubation or even tracheostomy.


Diagnosis


The diagnoses of this disease are according to history，epidemiology，symptoms and signs and the chest X-ray. Distinguish the viruses and bacteria can make an etiology diagnosis.


Treatment


Therapy is generally aimed toward alleviation of symptoms. To alleviate symptoms，a doctor may prescribe a combination of medications that both open up obstructed bronchial airways and thin obstructive mucus so that it can be coughed up more easily. Antitussive medications and antipyretic medications may be used to treat bronchitis. Among otherwise healthy individuals，antibiotics have not demonstrated any consistent benefit in the symptomatology or natural history of acute bronchitis.Care for acute bronchitis is primarily supportive and should ensure that the patient is oxygenating adequately.Primary care physicians can usually treat acute bronchitis unless severe complications occur or the patient has underling pulmonary disease or immunodeficiency.


Prophylaxis


Patients should give up smoking，do more exercise，drink more water，and have more rest. Influenze immunization should be offered to all patients each year. The value of a diet of fruits，vegetables，and salads in debatable，the value of antioxidants is not proven.











14 Pneumonia






14.1 Pneumococcal pneumonia

The term pneumococcal pneumonia refers to infection of the pulmonary parenchyma and its associated structures by the microbial pathogen Streptococcus
 pneumonia. This is one of the most frequently encountered infections and is associated with considerable morbidity and mortality.


Etiology



S
 . pneumonia is a Gram-positive coccus that typically grows in pairs or short chains. The colonies are typically surrounded by a greenish zone of hemolysis resulting from hemoglobin degradation by a pneumococcal toxin. The surface of the pneumococcus consists of a capsule and a cell wall. The capsule helps to prevent phagocytosis and is composed of polysaccharides，which define the 90 pneumococcal serotypes.

The ecologic niche of the pneumococcus is the nasopharynx，and up to 80% of infants and 20% of healthy adults may be colonized. Simultaneous colonization with more than one pneumococcal capsular type has been reported，and it appears that asymptomatic colonization is an immunizing experience because homologous anticapsular antibodies may be demonstrated in individuals following colonization with a specific serotype.


Epidemiology


Streptococcus pneumonia or pneumococcus is the single most common cause of community-acquired pneumonia（CAP），accounting for 9% to 55% of isolates，but has been reported in hospital-acquired pneumonia（HAP）patients as well. In addition，streptococcus pneumonia is responsible from 11% to 37% of patients with CAP requiring admission to an intensive care unit and 6% to 26% of nursing home-acquired pneumonia. Risk factors for pneumonia infections include immunosuppression ［human immunodeficiency virus（HIV）infection，transplant recipients］；immune deficiencies；aspiration（alcoholism，stroke，and seizure）；sickle cell anemia；diabetic ketoacidosis；congestive heart failure；chronic obstructive lung disease；and crowding（jail，military，and nursing home）.


Pathophysiology


Pneumonia is ultimately the result of a breakdown of the interplay between colonizer and host. In the case of pneumococcal pneumonia，the microorganism colonizes the nasopharynx，and if it gains access to the alveoli and incites an inflammatory response，infection may ensue. Once in the lung，the pneumococci are able to activate complement and to stimulate the cytokine response. Initially the alveoli fill with fluid exudate，which allows the infection to spread to adjacent uninfected alveoli. In healthy lungs polymorphnuclear neutrophils（PMNs）constitute less than 1 to 2% of alveolar cells and normally reside in the interstitial areas of the lung and in adjacent capillaries. Their recruitment into the alveoli depends on the generation of chemoattractants necessary for the directed migration of neutrophils into the alveoli.

The pneumococcal polysaccharides of the bacterial capsule help the organism to resist phagocytosis，and the absence of anticapsular antibody limits the ability to opsonize and ingest pathogens. Ultimately，the signs and symptoms of disease are due to the pathogens themselves and the body’s response to them. The bacterial cytotoxin pneumolysin and various pneumococcal cell wall components such as teichoic acid and peptidoglycan are able to induce a variety of effects that initiate and then enhance the inflammatory response and result in the various signs and symptoms of pneumonia.

The effects of pneumococcal infection are ultimately manifested as changes in lung mechanics secondary to reductions in lung volumes and lung compliance and in gas exchange problems resulting from intrapulmonary shunting and subsequent arterial hypoxemia. If severe enough，this may result in death.


Symptoms


Clinically，patients present with sudden onset of rigors，fever，pleuritic chest pain，and cough productive of rusty colored sputum. Gastrointestinal symptoms such as nausea，vomiting，and/or diarrhea may be encountered in 20% of patients. The clinical presentation has frequently been described as being more subtle in the elderly. The reduced prevalence of symptoms is most pronounced in relation to the febrile response（temperature，chills，sweats）and pain，including chest discomfort，headache，and myalgia.


Physical Examination


The patient is often listless and may at times be cyanotic. The respiratory rate is increased，and if pleuritic pain is marked，the patient may be splinting the affected side. Dullness to percussion over a lung segment suggests consolidation，whereas a flat percussion note is typically associated with a pleural effusion. Breath sounds may be “distant” if there is an overlying effusion but are bronchial in nature if the underlying lung is consolidated. Rales may be noted，and if the patient has pleurisy without much accumulation of pleural fluid，a friction rub may be heard as well.


Diagnosis


Diagnosis relies on information obtained from the patient history，physical examination，and selected laboratory tests or procedures such as a chest radiograph，a sputum Gram-stain，and blood and sputum cultures.

Once the clinical diagnosis of pneumonia has been made，the next step is to determine the etiologic agent. The sputum Gram-stain is a relatively simple and inexpensive procedure to document the presence of certain pathogens. The adequacy of the specimen is based on the relative number of PMNs and squamous epithelial cells（SECs）. Under low-power magnification（×100），there should be hundreds of PMNs and few SECs，whereas under high power（×1000），there should be at least 25 PMNs and less than 10 SECs per high-power field.


Treatment


Treatment is divided into two sections；one dealing with directed therapy and one dealing with empiric therapy.

Penicillin G continues to be the drug of choice for sensitive pneumococcal pneumonia. In patients allergic to penicillin macrolide or cephalosporin are suitable alternatives.

It is becoming more common to find pneumococci that have become resistant to penicillin. In this setting，administration of cefotaxime，ceftriaxone，imipenem，or one of the newer fluoroquinolones once sensitive have been confirmed. Vancomycin，newer fluoroquinolones or an alternative agent based on in vitro sensitivities should be used for strains with high level penicillin resistance or resistance to multiple antibiotics.


Prophylaxis


In light of the significant morbidity and potential mortality of pneumonia，appropriate measures should be instituted to reduce the possibility of lung infection. Important but often neglected interventions include smoking cessation and avoidance of illicit drugs or excess alcohol，which may impair consciousness. Optimizing the patient’s nutritional status is also important，in that markedly underweight or obese patients are at increased risk. Finally，the appropriate and consistent use of vaccines can strongly reduce the risk of pneumonia in appropriate patient populations.

14.2 Pneumonia，fungal


Etiology and Epidemiology


Aspergillus species rarely cause disease in normal individuals but can be a significant problem in susceptible patients. Their threat to hospitalized patients，particularly pulmonary infection in immunocompromised hosts. They are in mould form in the environment，on artificial media，and when invading pulmonary tissues.

Aspergilli are ubiquitous in the environment and have been isolated with ease from soil and air and even from swimming pools and saunas. They are associated with decaying matter and may grow in temperatures of 40℃to 50℃. Aspergillosis usually results from airborne conidia and is not contagious.


Pathophysiology


Depending on the particular susceptibility of the host，aspergilla can cause one of three distinct pulmonary syndromes：（a）aspergilloma，（b）allergic bronchopulmonary aspergillosis（ABPA），and（c）invasive aspergillosis.


Clinical Manifestations



Aspergilloma：
 The typical picture of an aspergilloma is a fungus ball（i.e.，matted hypha and debris）in a cavity in an upper lobe. This has been reported as a complication in as many as 11% of old tuberculous cavities. The patients present with cough，hemoptysis，dyspnea，weight loss，fatigue，chest pain，or fever. The sputum culture is positive in most. Patients with marked underlying lung disease，large or numerous aspergillomas，rising anti-Aspergillus antibody，or sarcoidosis，or those who are immunocompromised，do particularly poorly.


ABPA：
 Allergic bronchopulmonary aspergillosis is usually superimposed on a background of chronic asthma or cystic fibrosis. The disease appears to be triggered in genetically susceptible individuals by specific Aspergillus antigens. It is characterized by episodic airway obstruction，fever，eosinophilia，mucous plugs，positive sputum cultures，and the presence of grossly visible brown flecks in the sputum（hypha），transient infiltrates and parallel “tram-line” or ring markings on chest radiographs，proximal bronchiectasis，upper lobe contraction，and elevated levels of total immunoglobulin E（IgE），especially when the patient is symptomatic. It is more common in agricultural areas and in the winter，presumably representing an association with stored agricultural products（especially moldy hay）and spore production.


Invasive aspergillosis：
 Invasive disease is generally a problem of immunocompromised hosts，and more aggressive immunosuppression and anticancer therapy are the most important factors contributing to the rise of Aspergillus
 infections. The clinical manifestations can include dyspnea，tachypnea，nonproductive cough，pleuritic chest pain，and fever. Chest roentgenoscopy shows bronchopneumonia or an interstitial process，often with areas of cavitations. Ventilation and perfusion scans may suggest vascular disease. Serum precipitins are usually absent. Culture of the sputum is generally unrewarding.


Diagnosis


Diagnosis relies on information obtained from the patient history，immune state of organism，clinical manifestations，and X-radiograph，final diagnosis depends on tissue culture and histopathology.


Treatment



Aspergilloma：
 The treatment of aspergilloma is controversial. When associated with frequent or life-threatening hemoptysis，surgical resection is the treatment of choice. Although some advocate prophylactic surgery for nearly all aspergilloma，the approach should be individualized.


Allergic bronchopulmonary aspergillosis：
 Control of the inflammatory process is important. The management of ABPA often requires steroids，bronchodilators，and cromolyn sodium. Treatment with itraconazole has been shown to improve lung function and reduce steroid requirements among patients requiring prolonged treatment for persistent ABPA.


Invasive aspergillosis：
 Therapy for invasive aspergillosis should，if possible，include measures to modify the underlying immunocompromised state of the host. Treatment with amphotericin B should be initiated，but the results are often disappointing in severely compromised host fatal outcomes are all too common. Those series reporting improved survival in cancer patients with invasive aspergillosis stress two important elements of care：（a）early modifications in the immunosuppressive regimen；and（b）early institution of intravenous amphotericin B. Liposomal amphotericin B may be the most appropriate agent for treating proved or suspected invasive aspergillosis in patients at risk for severe adverse effects.


Prophylaxis


Prophylaxis of susceptible patients，such as immunocompromised hosts，using intranasal，inhaled，or systemic antifungals，or of allergic patients using inhaled or systemic antifungals，is an approach to avoid disease and the need for therapy. Reducing airborne spores，such as by filtering hospital air，reducing activities such as room maintenance that increase spore counts when the patient is in the room，preventing dust，and restricting contaminated materials（e.g.，potted plants），is believed to be a worthwhile effort for patients who will be transiently immunosuppressed or neutropenic.

14.3 Pneumonia，viral


Etiology


Viral pneumonia is caused by viruses，such as influenza viruses，adenovirus，parainfluenza virus and respiratory syncytial virus，and so on. Influenza viruses remain the most common cause of pulmonary viral infections. Viruses have been estimated to cause approximately 8% of radiographically proved pneumonias in hospitalized adults and up to 49% in hospitalized infants. Influenza viruses occur in annual epidemics as well as in sporadic cases.


Pathophysiology


Pathologically，the lungs of patients with fatal influenza infection without bacterial superinfection are dusky red to plum colored and are heavy and edematous. The airways are usually markedly congested and contain hemorrhagic fluid. Microscopically is seen diffuse alveolar damage with intra-alveolar hemorrhage，capillary congestion，and variably severe interstitial mononuclear infiltrates. Often is seen type Ⅱ cell hyperplasia and，characteristically，hyaline membranes.


Symptoms


Typically，patients present with fever，dry cough，myalgia，headache，conjunctivitis，and prostration. Gastrointestinal symptoms are seldom seen as are significant rhinorrhea and pharyngitis.


Diagnosis


In the immumocompetent host，most viral respiratory infections have very similar clinical presentations. The diagnosis，therefore，depends heavily on the epidemiologic context，and on serologic and immunohistochemical data.


Treatment


Treatment of influenza pneumonia is mainly supportive. Early diagnosis and treatment of puperinfection with bacteria remain an important goal of treatment. A combination of oral amantadine and aerosolized ribavirin has been suggested in patients at high risk who are hospitalized with influenza pneumonia.











15 Bronchiectasis






Bronchiectasis is defined as the abnormal and permanent dilatation of one or more brochi，most often secondary to an infection process. Bronchiectasis can be categorized as a chronic obstructive pulmonary lung disease manifested by airway that are inflamed and easily collapsible，resulting in air flow obstruction and impaired clearance of secretions. It is now generally accepted that bronchiectasis is an acquired disease process that develops in early childhood or later，rather than a congenial abnormality present at birth. Bronchietasis is not a diserete disease entity but rather the end stage of a variety of unrelated pulmonary insults and antecedent events. All，however，require an infectious insult and impairment of drainage，airway obstruction，or a defect in host defense.


Etiology


Bronchiectasis，the term used to describe abnormal dilatation of the bronchi，may be produced in different ways. It may be acquired or，less commonly，congenital. The causes include congenital disease，acquired-children disease and acquired-adults disease. Congenital disease such as ciliary dysfunction syndromes，include primary ciliary dyskinesia，cystic fibrosis，acquired-children disease include pneumonia，primary tuberculosis，foreign body，acquired-adult disease include suppurative pneumonia，pulmonary tuberculosis，allergic bronchopulmonary aspergillosis，bronchial tumours. Primary infection and bronchial obstruction are the two main causes in bronchiectasis.


Pathophysiology


Bronchiectasis is an abnormal dilation of the proximal medium-size bronchi（＞2 mm in diameter）caused by destruction of the muscular and elastic components of bronchial walls. It can be congenital or acquired. The brochiectatic cavities may be lined by granulation tissue，squamous epithelium or normal ciliated epithelium. There may also be inflammatory changes in the deeper layers of the bronchial wall and hypertrophy of the bronchial arteries. Chronic inflammatory and fibrotic changes are usually found in the surrounding lung tissue. The result is abnormal bronchial dilatation with bronchial wall destruction and transmural inflammation. The most important functional finding of altered airway anatomy is severely impaired clearance of secretions from the bronchial tree.


Symptoms


Bronchiectasis may involve any part of the lungs but the more efficient drainage by gravity of the upper lobes usually produces less serious symptoms and complications than when bronchiectasis involves the lower lobes.

Chronic productive cough usually worse in mornings and often brought on by changes of posture. Sputum often copious and persistently purulent in advanced disease. Fever，malaise and increased cough and sputum volume when spread of infection causes pneumonia，which is frequently assosicated with pleurisy. Recurrent pleurisy in the same site often occurs in bronchiectasis. It can be slight or massive and is often recurrent，usually associated with purulent sputum or an increase in sputum purulence. When disease is extensive and sputum persistently purulent a decline in general health occurs with weight loss，anorexia，lassitude，sleep sweating，and failure to thrive in children. In these patients digital clubbing is common.


Physical Examination


Most commonly，crackles，rhonchi，wheezing，and inspiratory squeaks may be heard on auscultation. General findings may include digital clubbing，cyanosis，plethora，wasting，and weight loss. Nasal polyps and signs of chronic sinusitis may also be present. In advanced disease，the physical stigmata of cor pulmonale may be observed. Crackles and rhonchi are often observed in association with active infections and acute exacerbations. Crackles are nonspecific and may occur in as many as 70% of patients. Scattered wheezing may be heard in approximately one third of patients. Cyanosis and plethora are rare findings secondary to polycythemia from chronic hypoxia. Wasting and weight loss are suggestive of advanced disease but are not diagnostic of bronchiectasis.


Diagnosis


Diagnosis is usually based on a compatible clinical history of daily viscid sputum production and characteristic findings on CT scans. In clinical practice，cough and daily mucopurulent sputum production lasting months to years most often characterize the condition. Sputum is typically mucoid and without a rancid odor；however，during infectious exacerbations，sputum becomes purulent and may develop an offensive odor. Total daily sputum amount has been used to characterize the severity of bronchiectasis，with less than 10 mL defined as mild bronchiectasis，10—150 mL defined as moderate bronchiectasis，and greater than 150 mL defined as severe bronchiectasis.

Imaging studies，especially CT scanning，are the cornerstone for the diagnosis of bronchiectasis. Bronchiectasis as a result of infection generally involves the lower lobes，the right middle lobe，and the lingual. Specific findings may include linear lucencies and parallel markings radiating from the hila（tram tracking）in cylindrical bronchiectasis，dilated bronchi in varicose bronchiectasis，and clustered cystic bronchiectasis. CT scanning，particularly high-resolution CT（HRCT）scanning of the chest，has replaced bronchography as the defining modality of bronchiectasis.


Treatment


The goals of therapy are to improve symptoms，to reduce complications，to control exacerbations，and to reduce morbidity and mortality. Early recognition is essential in bronchiectasis and associated conditions. Additionally，management of underling conditions，which may include the use of intravenous immunoglobulin or intravenous alpha1-antitrypsin therapy，is essential to the overall treatment.

General therapy include patients should stop smoking and avoid second-hand smoke，patient should have adequate nutritional intake with supplementation，if necessary. Immunizations for influenza and pneumococcal pneumonia are recommended. Immunizations for measles，rubeola，and pertussis should be confirmed. Oxygen therapy is reserved for patients who are hypoxemic with severe disease and end-stage complications，such as cor pulmonale.


Postural drainage：
 The aim of this measure is to keep the dilated bronchi emptied of secretion. Efficiently performed，it is of great value both in reducing the amount of cough and sputum and in preventing recurrent episodes of bronchopulmonary infection. In its simplest from，postural drainage consists of adopting a position in which the lobe to be drained is uppermost，thereby allowing secretions in the dilated bronchi to gravitate towards the trachea，from which they can readily be cleared by vigorous coughing. The optimum duration and frequency of postural drainage depend on the amount of sputum but 5—10 minutes once or twice daily is a minimum for most patients.


Antibiotic therapy：
 Acceptable choices for the outpatient who is mild to moderately ill include amoxicillin；tetracycline；trimethoprism-sulfamethoxazole；a newer macrolide，such as azithromycin；a second-generation cephalosporin；or one of the quinolones. In general，the duration is 7—10 days. Some patients with chronic bronchchial infections may need regular antibiotic treatment to control the infectious process.Some patients also need surgical treatment.


Prophylaxis












16 Tuberculosis






Tuberculosis（TB），one of the oldest diseases known to affect humans，is caused by bacteria belonging to the Mycobacterium tuberculosis complex. The disease usually affects the lungs，although in up to one-third of cases other organs are involved. If properly treated，tuberculosis caused by tuberculosis caused by drug-susceptible strains in curable in virtually all cases. If untreated，the disease may be fatal within 5 years in more than half of cases. Transmission usually takes place through the airborne spread of droplet nuclei producted by patients with infectious pulmonary tuberculosis.


Etiology


Mycobacteria belong to the family Mycobacteriaceae and the order Actinomycetales. Of the pathogenic species belonging to the M. tuberculosis complex，the most frequent and important agent of human disease is M. tuberculosis. M. tuberculosis is a rod-shaped，non-spore-forming，thin aerobic bacterium measuring 0.5 μm by 3 μm. Mycobacteria，including M. tuberculosis，are often neutral on Gram’s staining. However，once stained，the bacilli cannot be decolorized by acid alcohol，a characteristic justifying their classification as acidfast bacilli. Acid fastness is due mainly to the organisms’ high content of mycolic acids，long-chain cross-linked fatty acids，and other cell-wall lipids. In the mycobacterial cell wall，lipids are linked to underlying arabinogalactan and peptidoglycan. This structure confers very low permeability of cell wall，thus reducing effectiveness of most antibiotics. Another molecule in the pathogen-host interaction and facilitates the survival of M. tuberculosis within macrophages. The several proteins characteristic of M. tuberculosis include those in purified protein derivative（PPD）tuberculin，a precipitate of non-species-specific molecules obtained from filtrates of heatsteriliaed，concentrated broth cultures.


Epidemiology


TB is the number one infectious disease killer worldwide. The World Health Organization（WHO）estimates that 2 billion people have laent TB，while another 3 million people worldwide die each year due to TB. More than 3.8 million new cases of tuberculosis—all forms（pulmonary and extra-pulmonary），90% of them from developing countries—were reported to the WHO in 2001. However，because of a low level case detection and incomplete notifications，reported cases represent only a fraction of the total. It is estimated that 8.5 million new cases of tuberculosis occurred worldwide in 2001，95% of them in developing countries of Asia（5 million），Africa（2 million），the Middle East（0.6 million），and Latin America（0.4 million）. It is also estimated that 1.8 million deaths from tuberculosis occurred in 2000，98% of them in developing countries.

After an increase in the late 1980s，numbers of cases have declined during the past few years in several industrialized countries，including the United States. Recent tuberculosis trends in developing countries indicate a stable situation，with almost no decline. There are two exceptions. First，in sub-Saharan Africa，the spread of HIV epidemic has resulted in doubling or tripling of the number of reported cases of tuberculosis during the past 15 years. Second，in countries of the former Soviet Union and in Romania，numbers of cases have increased by two-or threefold in the past 10 years，largely as the result of deterioration in socioeconomic conditions and the health care infrastructure.


Pathophysiology


Humans are the only known reservoir for Mycobacterium tuberculosis. TB is transmitted by airborne droplet nuclei，which may contain fewer than 10. Exposure to TB occurs by sharing common airspace with a patient who is infectious. When inhaled，droplet nuclei are deposited within the terminal airspaces of the lung. Upon encountering the bacilli，macrophages ingest and transport the bacteria to regional lymph nodes.The bacilli have 4 potential：first，they may be killed by the immune system；second，they may multiply and cause primary TB；third，they may become dormant and remain asymptomatic；and the fourth，they may proliferate after a latency period.


Symptoms


Pulmonary tuberculosis can be categorized as primary or postprimary（secondary）. Early in the course of disease，symptoms and signs are often nonspecific and insidious，consisting mainly of fever and weight loss，anorexia，general malaise，and weakness. However，in the majority of cases，cough eventually develops—often initially nonproductive and subsequently accompanied by the production of purulent sputum. Blood streaking of the sputum is frequently documented. Massive hemoptysis may ensure as a consequence of the erosion of a fully patent vessel located in the wall of a cavity. Hemoptysis，however，may also result from rupure of a dilated vessel in a cavity or from aspergilloma formation in an old cavity.


Physical Examination


Physical findings are of limited use in pulmonary tuberculosis. Many patients have no abnormalities detectable by chest examination，while others have detectable rales in the involved areas during inspiration，especially after coughing. Occasionally，rhonchi due to partial bronchial obstruction and classic amphoric breath sounds in areas with large cavities may be heard. Systemic features include fever and wasting. In some cases，pallor and finger clubbing develop. The most common hematologic findings are mild anemia and leukocytosis.

16.1 Primary pulmonary tuberculosis

It is resulted from an initial infection with tubercle bacilli. In areas of high tuberculosis prevalence，this from of disease is often seen in children and is frequently localized to the middle and lower lung zones. The lesion forming after infection is usually peripheral and accompanied by hilar or paratracheal lymphadenopathy，which may not be detectable on chest radiography. In the majority of cases，the lesion heals spontaneously and may later be evident as a small calcified nodule. Primary pulmonary disease may progress rapidly to clinical illness. Tuberculosis in young children is almost invariably accompanied by hilar to mediastinal lymphadenopathy due to the spread of bacilli from the lung parcenchyma through lymphatic vessels. Enlarged lymph nodes may compress bronchi，causing obstruction and subsequent segmental or lobar collapse. Partial obstruction may cause obstructive emphysema，and bronchiectasis may also develop. Hematogenous dissemination，which is common and is often asymptomatic，may result in the most severe manifestations of primary M. tuberculosis infection. Bacilli reach the bloodstream from the pulmonary lesion or the lymph nodes and disseminate into various organs，where they may produce granulomatous lesion. Although healing frequently takes place，immunocompromised persons may develop millary tuberculosis and/or tuberculous meningitis.

16.2 Postprimary pulmonary tuberculosis

Also called adult-type，reactivation，results from endogenous reactivation of latent infection and is usually localized to the apical and posterior segments of the upper lobers，where the high oxygen concentration favors mycobacterial growth. In addition，the superior segments of the lower lobes are frequently involved. The extent of lung parenchymal involvement varies greatly，from small infiltrates to extensive cavitary disease. With cavity formation，liquefied necrotic contents are ultimately discharged into the airways，resulting in satellite lesions within the lungs that may in turn undergo cavitation. Massive involvement of pulmonary segments or lobes，with coalescence of lesions，produces tuberculous pneumonia. While up to one-third of untreated patients reportedly succumb to severe pulmonary tuberculosis within a few weeks or months after onset，others undergo a process of spontaneous remission or proceed along a chronic，progressively debilitating course. Under these circumstances，some pulmonary lesions become fibrotic and may later calcify，but cavities persist in other parts of the lungs. Individuals with such chronic disease continue to discharge tubercle bacilli into the environment. Most patients respond to treatment，with defervescence，decreasing cough，weight gain，and a general improvement in well-being within several weeks.


Diagnosis


The key to the diagnosis of tuberculosis is a high index of suspicion. Diagnosis is not difficult with a high-risk patient，a homeless alcoholic who presents with typical symptoms and a classic chest radiograph showing upper lobe infiltrates with cavities. On the other hand，the diagnosis can easily be missed in an elderly nursing-home resident or a teenager with a focal infiltrate.


Lab studies：
 Patients suspected of having TB should submit sputum for smear and culture. Sputum should be collected in the early morning on 3 consecutive days. For patients unable to produce any sputum，early morning gastric aspirate may produce a good specimen. Another option is fiberoptic bronchoscopy with transbronchial biopsy and bronchial washings. Biopsy of bone marrow，liver，or blood cultures occasionally may be necessary and helpful.


Imaging studies：
 Primary TB usually manifests as a central apical portion with a left lower-lobe infiltrate or pleural effusion on chest radiography. This finding is in contrast to reactivation TB，which does not have pleural effusion and is apical in location. Chest radiographs may show a patchy or nodular infiltrate TB may be found in any part of the lung，but upper-lobe involvement is most common. The lordotic view may better demonstrate apical abnormalities. Reactivation is indicated by the following：cavity formation is indicative of advanced infection and is associated with a high bacterial load. Noncalcified round infiltrates may be confused with lung carcinoma. Homogeneously calcified nodules（usually 5～20 mm）are tuberculomas and represent old infection rather than active disease. CT scanning of the chest may help to better define abnormalities in patients with vague findings on chest radiography.


PPD skin testing：
 Tuberculin skin testing（Mantoux test）is the only current available test for diagnosing tuberculous infection in the absence of active disease. The Mantoux test is performed by injecting 5 tuberculin units of purified protein derivative（PPD）intradermally. The response is measured as the amount of induration at 48—72 hours. The size of induration，rather than erythema，is diagnostic. Interpretation of skin testing depends on the size of induration，age，and patient risk factors. The PPD result is often negative in nonanergic patients with primary or military TB. Three cutoff points of clinical significance exist；the criteria for each cutoff point are listed below.

Larger than or equal to 5 mm：close contacts to newly diagnosed TB；HIV positive；patients with organ transplant or patients who are taking the equivalent of more than 15 mg/d of prednisone for 1 month or more；patients with fibrotic lesions on chest radiography.

Larger than or equal to 10 mm：patients with medical conditions that increase the risk of TB；recent converter—At least 10 mm increase in skin test in past 2 years（regardless of age）；recent immigrants（with 5 years）from a high-prevalence country；children younger than 4 years exposed to adults at high risk for TB；residents and employees of facilities for long-term care，including correctional institution，nursing homes，homeless shelters，and mental institutions.

Larger than or equal to 15 mm：persons with none of above.


Treatment


The two aims of tuberculosis treatment are to interrupt tuberculosis transmission by rendering patients noninfectious and to prevent morbidity and mortality by curing patients with tuberculosis disease.

Drug used to treat tuberculosis have been classified into first-line and second-line anti-tuberculosis agents. First-line essential anti-tuberculous agents are the most effective and are a necessary component of any short-course therapeutic regimen. The three drugs in the category are rifampin，isoniazid，and pyrazinamide. The first-line supplemental agents，which are highly effective and infrequently toxic，include ethambutol and streptomycin.


Rifampin，
 a semisynthetic derivative of Streptomyces mediterranei，is also active against a wide spectrum of other organisms. It has both intracellular and extracelluber bactericidal activity. It blocks RNA synthesis by specifically binding and inhibiting DNA-dependent RNA polymerase. A standard adult oral dose of 450 mg. Rifampin is generally well tolerated；the most common adverse event is gastrointestinal upset. Patients with chronic liver disease，especially those with alcoholism and the elderly，appear to be at unusually high risk for the most serious adverse drug reaction：hepatitis. Other adverse effects include rash，hemolytic anemia，thrombocytopenia，and immunosuppression of unknown clinical importance.


Isoniazid，
 it is considered the best antituberculous drug currently available. Isoniazid should be included in all tuberculosis treatment regimens unless the organism is resistant. The recommended daily dose for the treatment of TB is 5 mg/kg for adults and 10 to 20 mg/kg for children，with a maximal daily dose of 300 mg for both groups. Its mechanism of action involves inhibition of mycolic acid cell-wall synthesis via oxygen-dependent pathways such as the catalase-peroxidase reaction. Isoniazid is bacteriostatic against resting bacilli and bactericidal against rapidly multiplying organisms，both extracellularly and intracellularly. The two most important adverse effects of isoniazid therapy are hepatotoxicity and peripheral neuropathy. Peripheral neuritis associated with isoniazid is uncommon and probably relates to interference with pyridoxine（vitamin B6
 ）metabolism. The risk of isoniazid-related neurotoxicity is greatest for patients with preexisting disorders that also pose a risk of neuropathy.

Pyrazinamide，it is an important bactericidal drug used in short-course therapy for TB. The currently recommended adult daily dose of 15—30 mg/kg. Pyrazinamide is similar to isoniazid in its narrow spectrum of antibacterial activity，which essentially includes only M. tuberculosis. The drug is bactericidal to slowly metabolizing organisms located within the acidic environment of the phagocyte or caseous granuloma. At the high dosages used in the past，hepatotoxicity was a prominent complication of pyrazinamide therapy. However，at the currently recommended dosages，the frequency of hepatotoxicity is not higher than that for concomitant isoniazid and rifampin therapy.

Ethambutol，it is a water-solube compound that is active only against mycobacteria，it is used most often with rifampin for treatment of TB in patients who cannot tolerate isoniazid or who are thought or known to be infected isoniazid-resistant organisms. Standard adult daily dose of 15 mg/kg，its primary mechanism of action appears to be inhibition of an arabinosyltransferase that mediates the polymerization of arabinose into arabinogalactan within the cell wall. Retrobulbar optic neuritis is the most serious adverse effect；axial or central neuritis.


Streptomycin，
 an aminoglycoside isolated from Streptomyces grieseus，streptomycin is available for intramuscular and intravenous administration only. The usual adult does of streptomycin for a 70-kg patient is 0.5—1.0 g given intramuscularly daily or five times per week；the pediatric does is 20—40 mg/kg daily，with a maximum of 1 g/d. Streptomycin inhibits protein synthesis by disruption of ribosomal function. Adverse reactions to streptomycin therapy occur in 10%—20% of recipients. Ototoxicity and renal toxicity are the most common and the most serious.

Short course regimens are divided into an initial，or bactericidal，phase and a continuation，or sterilizing，phase. During the initial phase，the majority of the tubercle bacilli are killed，and the patient becomes noninfectious. The continuation phase is required to eliminate persisting mycobacteria and prevent replase.

The treatment regimens of choice consist of a 2-month initial phase of isoniazid，rifampin，pyrazinamide and ethambutol followed by a 4-month continuation phase of isoniazid and rifampin. Patients with cavity pulmonary tuberculosis should have their treatment extended by 3 months.Because it is difficult to predict which patients will adhere to the recommended treatment，all patients should have their therapy directly supervised，especially during the initial phase.


Prophylaxis


By far the best way to prevent tuberculosis is to diagnosis infectious cases rapidly and administers appropriate treatment until cure. Additional strategies include bacille Calmette-Guerin（BCG）vaccination and treatment of persons with latent tuberculosis infectious who are at high risk of developing active disease.

In high prevalence countries，tuberculosis control programs should be based on the following key elements defining the direct obstruction of treatments（DOTS）strategy promoted by the WHO：（1）political commitment by the government to sustained tuberculosis control；（2）case detection through microscopic examination of sputum from patients who present to health care facilities with cough of ＞2 to 3 weeks’ duration；（3）administration of standard short course chemotherapy to all sputum smear positive patients under proper case management conditions，including direct observation of drug ingestion；（4）establishment and maintenance of a system of regular drug supply；and（5）establishment and maintenance of an effective surveillance and monitoring system that allows assessment of treatment outcomes.











17 Chronic Obstructive Pulmonary Disease






Chronic obstructive pulmonary disease（COPD）is a preventable and treatable disease state characterized by airflow limitation that is not fully reversible. The airflow limitation is usually progressive and is associated with an abnormal inflammatory response of the lungs to noxious particles or gases，primarily caused by cigarette smoking. Although COPD affects the lungs，it also produces significant systemic consequences.


Etiology


Tobacco smoke is by far the most important risk factor for COPD worldwide. Other important risk factors are occupational exposures，socio-economic status and genetic predisposition. Cigarette smoking：The primary cause of COPD is exposure to tobacco smoke. Clinically significant COPD develops in 15% of cigarette smokers. Age of initiation of smoking，total pack years，and current smoking status predict COPD mortality. Secondhand smoke or environment tobacco smoke increases the risk of respiratory infections.


Epidemiology


COPD is a leading cause of morbidity and mortality worldwide，and results in an economic and social burden that is both substantial and increasing. The prevalence and morbidity data greatly underestimate the total burden of COPD because the disease is usually not diagnosed until it is clinically apparent and moderately advanced. Absolute mortality rates for US patients were 200 per 100，000 males and 80 per 100，000 females. Men have a higher mortality rate than women，but mortality due to COPD in women is expected to increase. In China，about one million patients died due to COPD per year. And the prevalence rate is 8.2% in 2003.


Pathology and Pathophysiology


COPD comprises pathological changes in four different compartments of the lungs（central airways，peripheral airways，lung parenchyma and pulmonary vasculature），which are variably present in individuals with the disease. Tobacco smoking is the main risk factor for COPD，although other inhaled noxious particles and gases may contribute. This causes an inflammatory response in the lungs，which is exaggerated in some smokers，and leads to the characteristic pathological lesions of COPD. In addition to inflammation，an imbalance of proteinases and anti-proteinases in the lungs，and oxidative stress are also important in the pathogenesis of COPD. The different pathogenic mechanisms produce the pathological changes which，in turn，give rise to the following physiological abnormalities in COPD：mucous hypersecretion and ciliary dysfunction；airflow limitation and hyperinflation；gas exchange abnormalities；pulmonary hypertension；and systemic effects.


Symptoms


COPD is a progressive disease characterized by airflow obstruction，which may be attributable to an abnormal pulmonary inflammatory response to noxious stimuli，such as smoking. Airway hyperinflation leads to increased work of breathing and reduced exercise tolerance.

Symptoms include chronic cough，dyspnea on exertion，and sputum production. Most patients have smoked at least 20 cigarettes per day for 20 or more years before the onset of the common symptoms of cough，sputum，and dyspnea. Presentation commonly occurs in the fifth decade of life. A productive cough or an acute chest illness is common. The cough usually is worse in the mornings and produces a small amount of colorless sputum. Breathlessness is the most significant symptom，but it usually does not occur until the sixth decade of life. Wheezing may occur in some patients，particularly during exertion and exacerbations. With disease progressive，intervals between acute exacerbations between shorter；cyanosis and right heart failure may occur. Anorexia and weight loss often develop and suggest a worse prognosis.


Physical Examination


A normal physical examination is common in early COPD. As the disease progresses，some signs become apparent and in advanced stages many are almost pathognomonic. Examination should aim at eliciting the presence of respiratory and systemic effects of COPD. All patients should have their respiratory rate，weight and height，and BMI measured.


Diagnosis


Diagnosis is made after reviewing a patients risk factors and symptom history and the results of spirometer testing. Patients with a forced expiratory volume in one second（FEV1
 ）of ＜80% of the predicted normal value and a ratio of FEV1
 to forced vital capacity（FVC）of＜0.7 have airflow limitation that is not fully-reversible. An abnormal FEV1
 ＜80% predicted，with an FEV1
 / FVC ratio of ＜70% and little variation in serial PEF（Peak expiratory flow rate），strongly suggests COPD.COPD cannot be diagnosed on a chest radiograph but this investigation is useful in excluded other pathology


Treatment


Goals of therapy include reducing risk factors，preventing disease progression，relieving symptoms，limiting and managing exacerbations，and reducing morbidity and mortality. Once the diagnosis of COPD is established，educate the patient about the disease. Encourage the patient to participate actively in therapy.


Giving up smoking：
 Smoking cessation continues to be the most important therapeutic intervention. Most patients with COPD have a history of smoking or are currently smoking tobacco products. A smoking cessation plan is an essential part of a comprehensive management plan. It is of extreme important that the patient who smokes should stop completely and permanently. Participation in an active smoking cessation program leads to a higher guit rate.


Pharmacological therapy：
 Effective medications for COPD are available and all patients who are symptomatic merit a trial of drug treatment. The medications for COPD currently available can reduce or abolish symptoms，increase exercise capacity，reduce the number and severity of exacerbations，and improve health status.

1. Antibiotics：Choice should be based on local bacteria resistance patterns. Respiratory infection should be treated promptly because it aggravates breathlessness and may precipitate type Ⅱ respiratory failure in patients with severe airflow obstruction. Such as use Amoxicillin/clavulanate 250 mg at 8-hourly to treat with purulent sputum. If pseudomonas spp. and/or other enterobactereaces spp. are suspected，consider combination therapy.

2. Bronchodilators：The inhaled route is preferred. Two types of bronchodilator are in common clinical use：β-agonists，anti-cholinergic drugs. The most important consequence of bronchodilator therapy appears to be airway smooth muscle relaxation and improved lung emptying during tidal breathing. Short-acting bronchodilators can increase exercise tolerance acutely. Long-acting inhaled b-agonists improve health status possibly to a greater extent than regular short-acting anti-cholinergic. Combining long-acting b-agonists and theophylline appears to produce a greater spirometric change than either drug alone. Tiotropium improves health status and reduces exacerbations and hospitalizations compared with both placebo and regular ipratropium. Theophylline is a weak bronchodilator，which may have some anti-inflammatory properties. Its narrow therapeutic index and complex pharmacokinetics make its use difficult，but modern slow-release preparations have improved this problem and lead to more stable plasma levels. Generally，therapeutic levels should be measured and patients should be kept on the lowest effective dose.

3. Glucocorticoids：Glucocorticoids act at multiple points within the inflammatory cascade，although their effects in COPD are more modest as compared with bronchial asthma. Data from large patient studies suggest that inhaled corticosteroids can produce a small increase in post-bronchodilator FEV1
 and a small reduction in bronchial reactivity in stable COPD. In patients with more advanced disease there is evidence that the number of exacerbations per year and the rate of deterioration in health status can be reduced by inhaled corticosteroids in COPD.

4. Combination therapy：Combining medications of different classes seems a convenient way of delivering treatment and obtaining better results. This includes better lung function and improved symptoms. Combining long-acting inhaled β-agonists and inhaled corticosteroids show a significant additional effect on pulmonary function and a reduction in symptoms in those receiving combination therapy compared with its components.

5. Long-term oxygen therapy：Long-term oxygen therapy decreases pulmonary hypertension，reduces secondary polycythemia，improve neuropsychological health and，most importantly，prolongs life in hypoxemic COPD patients. The most efficient method of providing oxygen in this way is by an oxygen concentrator. Low-concentration oxygen should administer for 15 hours or per 24 hours. The therapeutic goal is to maintain SpO2
 ＞90% during rest，sleep and exertion.

Acute exacerbation of COPD（AECOPD）can present as increased sputum volume and purulence，increased breathlessness and wheeze，chest tightness and sometimes fluid retention. Treatment included pharmacological therapy，oxygen therapy，assisted ventilation，and so on.


Prophylaxis：
 Avoid the higher risk factors and extended the body immunization are very important to prevent the development. Giving up smoking is the most important measure，and also the most simply measure. Control the environment pollution is also useful. It can decrease the airflow limitation and hyperinflation. Influence immunization should be offered to all patients each year.











18 Bronchial Asthma






Asthma is a chronic inflammatory disorder of the airways in which many cells and cellular elements play a role. The chronic inflammation is associated with airway hyperresponsiveness that leads to recurrent episodes of wheezing，breathlessness，chest tightness，and coughing，particularly at night or in the early morning. These episodes are usually associated with widespread，but variable，airflow obstruction within the lung that is often reversible either spontaneously or with treatment.Asthma is an extremely common disease：15% of children report an episode of wheezing characteristic of asthma within the previous year，5% have a diagnosis of asthma，and 1% has severe disabling asthma. In adults，2%—5% has a clinical diagnosis of asthma. It is estimated that 4%—5% of the population of the United States is affected. In China the prevalence of asthma is between 0.5% and 1.0%. The impact of the disease appears to fall more heavily on minorities and inner-city.


Etiology


Factors that influence the risk of asthma can be divided into those that cause the development of asthma and those that trigger asthma symptoms；some do both. The former include host factors（which are primarily genetic）and the latter are usually environmental factors. Host factor：① Genetic：e.g.，Genes pre-disposing to atopy Genes pre-disposing to airway hyperresponsivenes. ② Obesity：Certain mediators such as leptins may affect airway function and increase the likelihood of asthma development. ③ Sex：Male sex is a risk factor for asthma in children. Prior to the age of 14，the prevalence of asthma is nearly twice as great in boys as in girls. As children get older the difference between the sexes narrows and by adulthood the prevalence of asthma is greater in women than in men. Environmental factors：① Allergens：Indoor：Domestic mites，furred animals（dogs，cats，mice），cockroach allergen，fungi，molds，yeasts. Outdoor：Pollens，fungi，molds，yeasts. ② Infections（predominantly viral）. ③ Occupational sensitizers：Asthma is the most common occupational respiratory disorder in industrialized countries. Occupations associated with a high risk for occupational asthma include farming and agricultural work，painting（including spray painting），cleaning work，and plastic manufacturing. ④ Tobacco smoke：passive smoking，active smoking. ⑤ Outdoor/Indoor air pollution. ⑥ Diet：cow’s milk or soy protein.


Pathophysiology


Airway narrowing is the final common pathway leading to symptoms and physiological changes in asthma. Several factors contribute to the development of airway narrowing in asthma. ① Airway smooth muscle contraction in response to multiple bronchoconstrictor mediators and neurotransmitters is the predominant mechanism of airway narrowing and is largely reversed by bronchodilators. ② Airway edema is due to increased microvascular leakage in response to inflammatory mediators. This may be particularly important during acute exacerbations. ③ Airway thickening due to structural changes，often termed “remodeling” may be important in more severe disease and is not fully reversible by current therapy. ④ Mucus hypersecretion may lead to luminal occlusion“mucus Plugging” and is a product of increased mucus secretion an inflammatory exudates.


Symptoms


During an acute asthma attack，patients seek medical attention for shortness of breath accompanied by cough，wheezing，and anxiety. The degree of breathlessness experienced by the patient is not closely related to the degree of airflow obstruction but is often influenced by the acuteness of the attack. Dyspnea may occur only with exercise（exercise-induced asthma），after aspirin ingestion（aspirin-induced asthma），after exposure to a specific known allergen or for no identifiable reason.


Physical Examination


The chest is usually hyper-inflated，and the expiratory phase is prolonged relative to the inspiratory phase. Percussion of the thorax demonstrates hyperresonance，with loss of the normal variation in dullness due to diaphragmatic movement. Auscultation reveals wheezing，which is the cardinal physical finding in asthma but does not establish the diagnosis. Wheezing，commonly louder during expiration but heard during inspiration as well，is characterized as polyphonic in that more than one pitch may be heard simultaneously. Accompanying adventitious sounds may include rhonchi，which are suggestive of free secretions in the airway lumen，or rales，which are indicative of localized infection or heart failure. The loss of intensity or the absence of breath sounds in a patient with asthma is an indication of severe airflow obstruction.


Diagnosis


A careful history and physical examination，together with the demonstration of reversible and variable airflow obstruction（preferably by spirometry），will in most instances confirm the diagnosis. These are spirometry，particularly the measurement of forced expiratory volume in 1 second（FEV1
 ）and forced vital capacity（FVC），and peak expiratory flow（PEF）measurement.


Treatment



General measure：
 There is currently no way to prevent a patient from developing an asthmatic diathesis. Once a patient has such a diathesis，if there is an allergic component，avoidance of allergens can reduce the frequency of asthma attacks.


Medicine treatment：
 The goal of asthma treatment is to achieve and maintain clinical control. Me dictations to treat asthma can be classified as controllers or relievers. Controllers are medications taken daily on a long-term basis to keep asthma under clinical control chiefly through their anti-inflammatory effects. They include inhaled and systemic glucocorticosteroids，leukotriene modifiers，long-acting inhaled β2
 -agonists in combination with inhaled glucocorticosteroids，sustained-release theophylline，cromones，anti-IgE，and other systemic steroid-sparing therapies. Inhaled glucocorticosteroids are the most effective controller medications currently available. Relievers are medications used on an as-needed basis that act quickly to reverse bronchoconstriction and relieve its symptoms. They include rapid-acting inhaled β2
 -agonists，inhaled anticholinergics，short-acting theophylline，and short-acting oral β2
 -agonist.

1. Corticosteroids：Inhaled corticosteroids，which have less systemic impact for a given level of therapeutic effect than systemic steroids，are effective controller treatments for patients with persistent asthma；there is clear evidence from multiple well designed and executed trials，in both children and adults，demonstrating the therapeutic efficacy of these agents. Systemic corticosteroids are effective for the treatment of moderate to severe persistent asthma as well as occasional severe exacerbations of asthma that occur in a patient with otherwise mild asthma.

2. β2
 -agonists：Long-acting inhaled β2
 -agonists，including formoterol and salmeterol. They are most effective when combined with inhaled glucocorticosteroids，and this combination therapy is the preferred treatment when a medium dose of inhaled glucocorticosteroid alone fails to achieve control of asthma. Long-acting oral β2
 -agonists include slow release formulations of salbutamol，terbutaline，an bambuterol，a prodrug that is converted to terbutaline in the body. They are used only on rare occasions when additional bronchodilation is needed. Short-acting oral β2
 -agonists are appropriate for use in the few patients who are unable to use inhaled medication. However，their use is associated with a higher prevalence of adverse effects. Rapid-acting inhaled β2
 -agonists are the medications of choice for relief of bronchospasm during acute exacerbations of asthma and for the pretreatment of exercise-induced bronchoconstriction. They include salbu-tamol，terbutaline，fenoterol，reproterol，and pirbuterol.

3. Anticholinergics：A meta-analysis of trials of inhaled ipratropium bromide used in association with an inhaled β2
 -agonist in acute asthma showed that the anticholinergic produces a statistically significant，albeit modest，improvement in pulmonary function，and significantly reduces the risk of hospital admission.

4. Theophylline：Theophylline is a bronchodilator and，when given in a lower dose，has modest anti-inflammatory properties. It is available in sustained-release formulations that are suitable for once-or twice-daily dosing.

5. Antileukotrienes：Role in therapy-leukotriene modifiers include cysteinyl-leukotriene 1（CysLT1
 ）receptor antagonists（montelukast，pranlukast，and zafirlukast）and a 5-lipoxygenase inhibitor（zileuton）. They may be used as an alternative treatment for adult patients with mild persistent asthma and some patients with aspirin-sensitive asthma respond well to leukotriene modifiers.Cromones：sodium cromoglycate and nedocromilsodium.The role of sodium cromoglycate nedocromil sodium in long-term treatment of asthma in adults is limited. Efficacy has been reported in patients with mild persistent asthma and exercise-induced bronchospasm.Anti-IgE（omalizumab）is a treatment option limited to patients with elevated serum levels of IgE. Its current indication is for patients with severe allergic asthma who are uncontrolled on inhaled glucocortico-steroids.


Prognosis：
 Asthma exacerbations may be caused by a variety of factors sometimes referred to as “triggers” including allergens，viral infections，pollutants，and drugs. Reducing a patient exposure to some of these categories of risk factors（e.g.，smoking cessation，reducing exposure to secondhand smoke，reducing or eliminating exposure to occupational agents known to cause symptoms，and avoiding foods/additives/drugs known to cause symptoms）improves the control of asthma and reduces medication needs. In the case of other factors（e.g.，allergens，viral infections and pollutants），measures where possible should be taken to avoid these. Because many asthma patients react to multiple factors that are ubiquitous in the environment，avoiding these factors completely is usually impractical and very limiting to the patient. Thus，medications to maintain asthma control have an important role because patients are often less sensitive to these risk factors when their asthma is under good control.











19 Pulmonary Embolism







Etiology


Pulmonary embolism（PE）most commonly results from detachment of vascular thrombus from the leg（70%—80%）or pelvis（10%—15%）. Other rare causes of pulmonary embolism include amniotic fluid，placenta，air，fat，tumour（e.g.，choriocarcinoma），parasites such as schistosomes，and septic emboli from endocarditis affecting the pulmonary or tricuspid valves. Effectively，the prophylaxis of pulmonary embolism is that of the prophylaxis and treatment of deep venous thrombosis. Pulmonary thromboembolism is one of the most common acute severe pulmonary illnesses. Symptomatic pulmonary emboli occur in up to 1% of all post-operative patients. However，the autopsy incidence is 10%—25% and in one-third of these，pulmonary embolism is a major contributed to death. A significant proportion is not suspected in life. Thus continued awareness of the possibility of pulmonary embolism in high-risk groups and willingness to pursue the diagnosis on the grounds of clinical suspicion are likely to reduce morbidity and save lives.


Pathophysiology


The pathophysiological consequences，clinical presentations，physical signs and results of investigations can be most easily understood if pulmonary emboli are classified on a basis of size-massive；small or medium-sized；and multiple microemoli.

Massive emboli become lodged in the proximal pulmonary arteries and chambers of the right heart，causing an acute and catastrophic reduction in cardiac output and right heart failure with major disruption in pulmonary ventilation-perfusion relationships due to very large areas of the lung being ventilated but not perfusede.

Small and medium-sized emboli occlud segmental arteries，causing pulmonary infarction，pleural pain，haemoptysis and reduction in surfactant production. This is often associated with localised loss of lung volume. Fever，which is usually low-grade，is common in patients with established infarction.

In the rare condition of multiple microemboli，showers of tiny emboli occlude the capillary beds of the lung. Due to collateral vascular supply from bronchial vessels there is no infarction but insidious loss of the microvascular bed supplying the gas exchange units of the lung. Patient with this condition may present with atypical exertional dysponea but often the condition is not suspected until there are late complications，including severe pulmonary hypertension and right ventricular.


Symptoms


The history and physical examination are notoriously insensitive and nonspecific for both DVT and PE. Patients with lower extremity venous thrombosis often do not exhibit erythema，warmth，pain，swelling，or tenderness. When these signs are present，they are nonspecific but still merit further evaluation. Pain with dorsiflexion of the foot may be present in the setting of venous thrombosis，but this finding is neither sensitive nor specific. The most common symptom of acute PE is dyspnea，which is often sudden in onset. Pleuritic chest pain and hemoptysis occur more commonly with pulmonary infarction due to smaller，peripheral emboli. Palpitations，cough，anxiety，and lightheadedness are all symptoms of acute PE but may also result from a number of other entities，thereby contributing to difficulty in making the diagnosis. Syncope and/or sudden death may occur with massive PE.


Physical Examination


PE should always be considered whenever unexplained dyspnea，syncope，hypotension，or hypoxemia is present. Tachypnea and tachycardia are the most common signs of PE but are also nonspecific. Other physical findings may include fever，wheezing，rales，a pleural rub，a loud pulmonic component of the second heart sound，a right-sided third or fourth heart sound，and a right ventricular lift. Both the cardiac and pulmonary physical examinations are nonspecific in patients with PE. Findings such as dyspnea，tachypnea，and hypoxemia in patients with concomitant cardiopulmonary disease（such as heart failure，pneumonia，or chronic obstructive pulmonary disease）may be caused by the underlying disease or be superimposed acute PE. Symptoms and signs consistent with PE should be particularly heeded in the setting of risk factors for venous thromboembolism，such as concomitant malignancy，immobility，or the postoperative state.


Diagnosis



Blood tests：
 The quantitative plasma D-dimer enzyme-linked immunosorbent assay level is elevated＞500 ng/mL in more than 90% of patients with PE.Reflecting plasmin’s breakdown of fibrin and indicating endogenous thrombolysis.

However，the D-dimer assay is not specific and therefore has no useful role among patients who are already hospitalized. Levels increase in patients with myocardial infarction，sepsis，or almost any systemic illness.

The plasma D-dimer ELISA has a high negative predictive value can be used to help exclude PE.Data from the Prospective Investigation of Pulmnary Embolism Diagnosis（PIOPED）indicate that，contrary to classic teaching，arterial blood gases lack diagnostic utility for PE，even though the PO2
 and PCO2
 will often both decrease.


Electrocardiogram：
 Classic abnormalities include sinus tachycardia；new onset atrial fibrillation or flutter；and an S wave in lead Ⅰ，a Q wave in lead Ⅲ，and an inverted T wave in lead Ⅲ.Often，the QRS axis is greater than 90°.T-wave inversion in leads V1
 to V4
 ，perhaps the most frequent but least publicized change，reflects right ventricular strain.


Chest roentgenography：
 A dyspneic patient with PE may have a normal or near-normal chest X-ray. Abnormalities include focal oligemia or an enlarged right descending pulmonary artery.


Venous ultrasonography：
 Confirmed DVT is usually an adequate surrogate for PE ultrasonography of the deep venous system relies upon loss of vein compressibility as the primary criterion for DVT. About one-half of patients with PE have no imaging evidence of DVT，probably because the clot has already embolized to the lung or is in the pelvic veins，where ultrasonography is usually inadequate. Therefore，the workup for PE should continue if there is high clinical suspicion，despite a normal ultrasound examination.


Chest CT：
 Computed tomography（CT）of the chest with intravenous contrast is superseding lung scanning as the principal imaging test for the diagnosis of PE. Chest CT effectively diagnoses large，central PE. New generation multislice scanners image the entire thorax with 1-mm thin sections during a single 12-to 15-s breath-hold and can detect peripherally located thrombi in fifth order branches. In patients without PE，the lung parenchymal images may establish alternative diagnoses symptoms and signs，such as pneumonia，emphysema，pulmonary fibrosis，and pulmonary mass or aortic pathology.


Lung scanning：
 Small particulate aggregates of albumin labeled with a gamma-emitting radionuclide are injected intravenously and are trapped in the pulmonary capillary bed. The perfusion scan defect indicates absent or decreased blood flow，possibly due to PE. Ventilaton scans，obtained with radiolabeled inhaled gases such as xenon or krypton，improve the specificity of the perfusion scan. Abnormal ventilation scans indicate abnormal nonventilated lung，thereby providing possible explanation for perfusion defects other than acute PE. A high probability scan for PE is defined as having two or more segmental perfusion defects in the presence of normal ventilation. The diagnosis of PE is very unlikely in patients with normal and normal scans but is about 90%certain in patient with high-probability scans. Unfortunately，most patients have nondiagnostic scans，and fewer than half of patients angiographically confirmed PE has a high-probability scan. Importantly，as many as 40% of patients with high clinical suspicion for PE and “low-probability” scans do，in fact，have PE at angiography.


Magnetic resonance（MR）：
 MR pulmonary angiography utilizes gadolinium contrast agent，which unlike iodinated contrast agents used in CT angiography，is not nephrotoxic. The risk of a contrast reaction with gadolinium is very low，and no ionizing radiation is used. When compared with first-generation chest CT scanning，results are similar. MR also assesses right ventricular function，thus making it a promising single test for both diagnosis of PE and assessment of hemodynamic effect.


Echocardiography：
 More than half of patients with PE will have normal echocardiograms. Nevertheless，this imaging test helps with the rapid triage of extremely ill patients who may have PE. Bedside echocardiography can usually reliably differentiate among illnesses that have radically different treatment，including acute myocardial infarction，pericardial tamponade，dissection of the aorta，and PE complicated by right heart failure. McConnell’s sign，right ventricular apical motion，appears to be specific for PE. Detection of right ventricular dysfunction due to PE helps to stratify the risk，delineate the prognosis，and plan optimal management.


Pulmonary angiography：
 Selective pulmonary angiography is most specific examination available for establishing the definitive diagnosis of PE and can detect emboli as small as 1—2 mm.
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Fig.19-1 Diagnosis for Pulmonary embolism




Treatment


Opiates may be necessary to relieve pain and distress，but should be used with great caution in the hypotensive patient. Oxygen should be given to all hypoxaemic patients in a concentration necessary to restore arterial oxygen tension to as near normal as possible.


Thrombolytic therapy：
 Thrombolytic therapy must be seriously considered in patients with massive pulmonary embolism in whom the diagnisis has been proven by angiography or spiral CT. Thrombolytic agents activate plasminogen to form plasmin，which then results in fibrinolysis as well as fibrinogenolysis. Because anticoagulants do not actively lyse emboli，thrombolytic agents are considered in certain settings to hasten the reduction in thromboembolic burden. Currently approved drugs for the treatment of massive PE，a situation in which thrombolysis appears to result in more rapid resolution of abnormal right ventricular function，include streptokinase，urokinase，and recombinant tissue-type plasminogen activator（t-PA）. Heparin should be withheld until the thrombolytic infusion is completed. The APTT is then determined，and heparin is initiated without a loading dose if this value is less than twice the upper limit of normal. If the APTT exceeds this value，the test is repeated every 4 hours until it is safe to proceed with heparin. Hemorrhage is the primary adverse effect associated with thrombolytic therapy，and this therapy is contraindicated in patients at high risk for bleeding


Anticoagulation：
 Anticoagulation remains the mainstay of treatment in pulmonary thromboembolic disease. The primary anticoagulants used to treat acute venous thrombosis and/or PE includes unfractionated heparin and LMWH. By accelerating the action of antithrombin Ⅲ，these substances exert a prompt antithrombotic effect that prevents the extension of thrombus. Heparin should be given to all patient suspected of having pulmonary embolism. Therapy should be initated with a bolus intravenous injection of 5000—10000 units and thereafter i.v. therapy continued with a daily dose of 400—600 units/kg adjusted according to the activated partial thromboplastin time（APTT）. The optimal duration of therapy is not known，but for major thromboembolic episodes should be at last a week. LMWH has been shown to be as effective when given subcutaneously. This form of heparin，which in more expensive than the unfractionated drug.

The full effect of warfarin often requires 5 days，even if the prothrombin time，use for monitoring，becomes elevated more rapidly. In an average-size adult，warfarin is usually initiated in a dose of 5 mg. The prothrombin time is standardized with the INR，which assesses the anticoagulant effect of warfarin. The target INF is usually 2.5，with a range of 2.0—3.0.The most important adverse effect is hemorrhage.


Embolectomy：
 The risk of intracranial hemorrhage with thrombolysis has prompted reevaluation of surgical embolectomy for acute PE. A possible alternative to open surgical embolectomy is catheter embolectomy.


Prevention


Prophylaxis against PE is of paramount importance because venous thromboembolism is difficult to detect and poses an excessive medical and economic burden. Mechanical and pharmacologic measures often succeed in preventing this complication. Patient at high risk can receive a combination of mechanical and pharmacologic modalities. Graduated compression stockings and pneumatic compression devices may complement mini-dose unfractionated heparin，low-molecular-weigh heparin，or warfarin administration. Patients who have undergone total hip replacement，total knee replacement，or cancer surgery will benefit from extended pharmacologic prophylaxis for a total of 4 to 6 weeks，especially with low-molecular-weigh heparin.











20 Pulmonary Hypertension






Pulmonary hypertension is a common accompaniment of many cardiac and pulmonary disorders，for which the status of the pulmonary vascular bed is often the principal determinant of the clinical manifestations，course，and feasibility of surgical treatment. For an adult at sea level，pulmonary arterial hypertension is said to exist when the mean pulmonary arterial pressure is greater than 25 mmHg at rest or greater than 30 mmHg during exercise. This level，which would represent a modest increase for adults at sea level. Pulmonary hypertension can be classed primary pulmonary hypertension（PPH）and secondary pulmonary artery hypertension（SPAH），which basing on etiology can be identified or not.

20.1 Secondary pulmonary artery hypertension（SPAH）

Secondary pulmonary artery hypertension（SPAH）is defined as a pulmonary artery systolic pressure higher than 30 mmHg or a pulmonary artery mean pressure higher than 20 mmHg secondary to either a pulmonary or a cardiac disorder. If no etiology can be identified，the pulmonary artery hypertension（PAH）is termed primary pulmonary hypertension. An increased volume of pulmonary blood flow，escalating resistance in the pulmonary vascular bed，or an elevation in pulmonary venous pressure can induce the rise in pulmonary arterial pressure.


Etiology and Epidemiology


In adults，the most common cause of pulmonary hypertension is lung disease，especially chronic obstructive pulmonary disease（COPD）. An estimated 30 000 persons die of COPD each year，many of whom have pulmonary hypertension and resulting right ventricular failure as a contributing cause of death. Patients with interstitial lung disease，cystic fibrosis，sleep apnea syndrome，and lung disorders caused by occupational and other exposure also commonly develop secondary pulmonary hypertension when they become chronically hypoxic.

In the United States，about 200，000 patients die annually from acute pulmonary embolism，often with acute right ventricular failure owing to acute and severe pulmonary hypertension. Pulmonary hypertension also is seen in patients with chronic or recurrent pulmonary embolism，regardless of the source of the embolic material. It also is estimated that the approximately 5% rate of increased pulmonary arterial reactivity in patients with mitral stenosis or left ventricular dysfunction may represent a genetic predisposition for pulmonary arterial hypertension.


Pathophysiology


SPAH may be including three predominant pathophysiologic mechanisms① Hypoxic vasoconstriction：chronic hypoxemia causes pulmonary vasoconstriction by a variety of actions on pulmonary artery endothelium and smooth muscle cells，including down-regulation of endothelial nitric oxide synthetase and reduced production of the voltage-gated potassium channel alpha subunit. ② Obliteration of pulmonary vasculature：many causes may decrease the cross-sectional area of the pulmonary vascular bed，primarily due to disease of the lung parenchyma.③ Volume and pressure overload：disorders of the left heart may cause SPAH，resulting from volume and pressure overload.


Clinical Manifestations


The clinical manifestations of APAH are frequently masked by the underlying etiology. Such as cough，dyspnea upon exertion，hemoptysis，syncope with exertion，chest pain. However，the patience has increase of the right heart，the second heart sound may be increase. Signs of underlying cardiac，pulmonary，liver，or collagen vascular disease are often present.


Diagnosis


Chest radiograph：the classic finding on a chest radiograph from a patient is enlargement of central pulmonary arteries，attenuation of peripheral vessels，and oligemic lung fields. Then we may diagnosis SPAH by using current medical technology.


Treatment of Underlying Conditions


Before initiating treatment for a patient’s pulmonary arterial hypertension，treatment should be started for any underlying or associated conditions. After these other disorders have been treated optimally，additional treatment for the pulmonary arterial hypertension should be considered.

20.2 Primary pulmonary hypertension（PPH）

Primary pulmonary hypertension（PPH）is an idiopathic disorder characterized by lesions in the small pulmonary arteries in the absence of another underlying cardiac or pulmonary disease. Histological，a spectrum of microvascular lesions can exist in the small，resistance arteries：medial hypertrophy，intimal fibrosis，plexiform lesions and microthrombotic lesions.


Etiology and Epidemiology


Primary pulmonary hypertension is an uncommon disease；its incidence is estimated at 1 to 2 per million. The disease most commonly presents during the third or fourth decade of life. A preponderance in women（1.7∶1.0）has been consistently observed. The cause of PPH is unknown，although association with certain anorexic agent（aminorex，fenfluramine，and dexfenfluramine），collagen vascular diseases，portal hypertesion，and infection with the human immunodeficency virus（HIV）are well recognized. Approximately 7% of cases are familial；a specific chromosomal defect（2q31-q32）has been found in some familial caused of PPH. The mode of hereditary transmission appears to be autosomal dominant with variable penetrance.


Pathophysiology


The pathophysiology of PPH is poorly understood. An insult to the endothelium may occur，resulting in a cascade of events characterized by vascular scarring，endothelial dysfunction，and intimal and medial proliferation. At least 10%—15% of patients with PPH have a familial form，which has only recently been characterized. Some cases may be related to sporadic genetic defects.

Early in the disease，as the pulmonary artery pressure increases and the right ventricle must perform extra work，thrombotic pulmonary arteriopary occurs. Thrombotic pulmonary arteriopathy is characterized by in situ thrombosis of small muscular arteries of the pulmonary vasculature. In later stages，as the pulmonary pressure continues to rise，plexogenic pulmonary arteriopathy develops. This is characterized by a remodeling of the pulmonary vasculature with intimal fibrosis and replacement of normal endothelial structure


Symptoms


With mild pulmonary hypertension，the earliest complaints are often fatigue and vague chest discomfort. When the pulmonary hypertension is advanced，the clinical manifestations include cyanosis，dyspnea on exertion，hemoptysis，atypical chest pain or angina pectoris，syncope，heart failure，arrhythmias，cerebrovascular accidents from paradoxical emboli，and gout. Dyspnea，the most common symptom of PPH.


Physical Examination


No clinical features are unique to PPH；historical data and physical examination findings merely confirm the presence of pulmonary hypertension，right-sided heart failure.Certain physical findings（e.g.，an increased intensity of P2
 ，a palpable P2
 ，a right-sided third heart sound（S3
 ），and，as pulmonary hypertension progresses，murmurs of pulmonary and tricuspid insufficiency）typically develop. Ultimately the neck veins are distended，and the liver is pulsatile，and the patient may develop peripheral edema，pleural effusions，and ascites.


Diagnosis


Using current medical technology，a correct diagnosis and assessment of the severity of the pulmonary hypertension in an individual patient can be made with a high level of confidence. When pulmonary hypertension is suspected，an electrocardiogram（ECG）and chest radiograph should be performed. If the ECG and chest radiograph are either nondiagnostic or consistent with pulmonary hypertension，the evaluation continues with an echocardiogram to exclude congenital heart disease，myocardial dysfunction，and valvular disease. The typical echocardiographic appearance of a patient with PPH shows right ventricular and right atrial enlargement with normal or reduced left ventricular size. Right heart cardiac catheterization is recommended to confirm the diagnosis and measure intracardiac，systemic，and pulmonic pressures and cardiac output.


Treatment



General measures：
 Important general measures for patients with all forms of pulmonary arterial hypertension include the avoidance of circumstances or substances that may aggravate the disease state. Supplemental low-flow oxygen alleviates the arterial hypoxemia and attenuates the pulmonary hypertension in patients with chronic pulmonary parenchymal disease. Supplemental oxygen is often helpful for patients who have substantial right heart failure and who have a low cardiac output at rest.


Anticoagulation：
 Histological data show thrombotic lesions in small pulmonary arteries in a large percentage of patients with PPH，and limited clinical data support the long-term use of anticoagulation in PPH.


Calcium channel blockers：
 Approximately 20% of adult patients with PPH seem to have a favorable response with acute vasodilator testing and（in uncontrolled studies）respond to long-term oral calcium channel blockade. As documented by an improvement in symptoms，exercise tolerance，hemodynamics，and survival.


Prostaglandin：
 Prostacyclin（epoprostenol）or prostacyclin analogue treatment is supported by the imbalance of thromboxane to prostacyclin and the demonstration of a reduction in prostacyclin synthase in the pulmonary arteries of patients with PPH. Continuous intravenous epoprostenol improves exercise tolerance in patients with pulmonary hypertension caused by scleroderma and improves symptoms，hemodynamics，and survival in patients with functional class Ⅲ or Ⅳ PPH.


Nitrogen oxide：
 NO activates guanylate cyclase in pulmonary vascular smooth muscle cells，which increases cyclic guanosine monophosphate and decreases intracellular calcium concentration，leading to smooth muscle relaxation.


Inotropic agents and diuretics：
 The efficacy and toxicity of cardiac glycosides in pulmonary arterial hypertension remain unknown. Diuretics can reduce the increased intravascular volume and hepatic congestion that occur in patients with right heart failure，although great care should be taken to avoid excessive diuresis that decreases cardiac output in patients who are highly dependent on preload.











21 Interstitial Lung Disease






The interstitial lung diseases（ILD）represent a large number of conditions that involve the parenchyma of the lung-the alveoli，the alveolar epithelium，the capillary endothelium，and the spaces between these structures，as well as the perivascular and lymphatic tissues. This heterogeneous disorders is classified together because of shared clinical，radiographic，and physiologic presentations. They also share certain pathogenic mechanisms and histopathologic features. These disorders are often associated with considerable morbidity and mortality，and there is little consensus regarding the best management of most of them. Clinically，the interstitial lung disease present with cough，dyspnea，hypoxemia，restrictive pulmonary function，and progressive interstitial changes.


Etiology



Drugs：
 A multitude of drugs are capable of inciting ILD，including antineoplastic agents（e.g.，bleomycin and methotrexate），antimicrobials（e.g.，nitrofurantoin and penicillin），and such diverse compounds as amiodarone and hydrochlorothiazide.


Inhaled antigens and dusts：
 ILD also is a common response to both inhaled antigens（farmer’s lung，pigeon-breeder’s lung）and dusts（asbestos，silica）. Infections：viral agents，mycoplasma pneumonia and other infectious agents can cause ILD.


The connective tissue disease：
 ILD also develops among patients with many of the connective tissue disease（e.g.，lupus，scleroderma，rheumatoid，arthritis）.Primary lung disease：in many cases of ILD the inciting agent is unknown and the disorder is classified as idiopathic IP（IIP）.


Epidemiology


The prevalence of ILD is estimated to be 20 to 40 per 100，000 of the population. ILD accounts for 100，000 hospital admissions yearly. The increased use of pneumotaxic drugs to treat malignant and cardiovascular disease and given for organ transplantation and the increased identification of occupationally induced ILD are likely to contribute to an increased incidence.


Pathogenesis


ILD are the result of the superimposed processes of tissue injury and attempted repair. If the events associated with a self-limited inflammatory response are altered，the result may be ongoing injury and structural derangement rather than normal repair. The causes of most ILD are not known. Bacteria，viruses，fungi，toxic agents，environmental agents and genetic abnormalities have all been implicated. The causative agents may directly injure epithelial or endothelial cells. Alternatively，causative agents may activate resident pulmonary inflammatory or immune cells，which，in turn，injure epithelial or endothelial cells.


Symptoms


Patients with ILD come to medical attention mainly because of the onset of progressive exertional dyspnea or a persistent，nonproductive cough. Hemoptysis，wheezing，and chest pain may be present. Often，the identification of interstitial opacities on chest X-ray focuses the diagnostic approach toward one of the ILD.

Dyspnea is a common and prominent complaint in patients with ILD，especially the idiopathic interstitial pneumonias，hypersensitivity pneumonitis，COP，sarcoidosis，eosinophillic pneumonias and PLCH. Wheezing is an uncommon manifestation of ILD but has been seen in patients with chronic eosinophilic pneumonia，respiratory bronchiolitis，and sarcoidosis. Clinically significant chest pain is uncommon in most ILD. Fatigue and weight loss are common in all ILD.


Physical Examination


The findings are usually not specific. Most commonly，physical examination reveals tachypnea and end-inspiratory Velcro crackles，which are common in most forms of ILD associated with inflammation but are less likely to be heard in granulomatous lung diseases. Cyanosis and clubbing of the digits occur in some patients with advanced disease.


Laboratory Studies


Laboratory tests can either confirm or suggest a diagnosis in ILD，but these studies are seldom diagnostic. Rheumatoid factor and antinuclear antibodies are occasionally present in patients with ILD，but their presence does not necessarily indicate an underlying collagen vascular disorder. If hypersensitivity pneumonitis is suspected，serum-precipitating antibodies to a limited number of inhaled organic antigens may be measured. Tests for antineutrophil cytoplasmic antibodies（ANCA）should be obtained if Wegener’s granulomatosis is suspected. Tests for anti-basement membrane antibodies should be obtained when Good Pasture’s syndrome is suspected. The electrocardiogram（ECG）is usually normal in ILD. With progressive loss of alveolar capillary units，the ECG may demonstrate a pattern of right atrial and ventricular strain.


Chest Radiograph


The chest radiograph plays a major role in establishing the presence of ILD and may suggest a specific diagnosis. The majority of ILD cause infiltrates in the lower lung zones. A diffuse ground-glass pattern is seen early in the disease. More typically，a chest radiograph demonstrates nodules，linear（reticular）infiltrates，or a combination of the two（reticulonodular infiltrates）. On chest radiography，alveolar filling disorders produce a diffuse abnormality，characterized by ill-defined alveolar nodules（acinar rosettes）；air bronchograms may be noted in these patients. As the disease progresses，the infiltrates become coarser and lung volume is lost. Cystic areas（honeycomb pattern）appear late in the course of ILD. In 5% to 10% of patients with biopsy-proven disease，results of a chest radiograph are normal.


High-resolution Computed Tomography


High-resolution computed tomography（HRCT）allows a detailed evaluation of the lung parenchyma by using 1-to 2-mm sections with a reconstruction algorithm that maximize spatial resolution. HRCT allows earlier diagnosis of ILD，helps narrow the differential diagnosis based on the CT pattern，and increases the level of diagnostic confidence for idiopathic pulmonary fibrosis. HRCT can detect ILD despite normal chest radiographs in patients with asbestosis，silicosis，sarcoidosis，and scleroderma. HRCT abnormalities may be present before pulmonary function tests are abnormal. Conversely，a normal HRCT cannot be used to exclude ILD. Patients with predominant reticular opacities or honeycombing on HRCT usually progress despite treatment. HRCT is also valuable for identifying a suitable site for transbronchial or open lung biopsy.


Pulmonary Function Tests


Physiologic testing can document the physiologic abnormalities associated with ILD，determine the severity，and determine the course and response to treating ILD. The classic physiologic alterations in ILD include reduced lung volumes ［vital capacity，total lung capacity（TLC）］，reduced diffusing capacity（DLCO），and a normal or supernormal ratio of forced expiratory volume in 1 second（FEV1
 ）to forced vital capacity（FVC）. Static lung compliance is decreased（decreased lung volume for any given transpulmonary pressure），and maximal transpulmonary pressure is increased（a very high negative pressure must be generated to open the fibrotic alveoli）.

Arterial blood gas analysis typically shows mild hypoxemia. Carbon dioxide retention is rare，even late in the course of the disease. Most patients with ILD have marked increases in minute ventilation both at rest and at exercise. The increased minute ventilation is accomplished by increases in respiratory rate rather than in tidal volume. The exercise tolerance of ILD patients is markedly limited. Hypoxemia in patients with ILD results from abnormal ventilation-perfusion relationships and from diffusion abnormalities. The abnormalities in diffusion are due to loss of capillary cross-sectional area and the passage of red blood cells through functioning pulmonary capillaries at a rate that is too rapid to permit full saturation of hemoglobin. Arterial pH is usually normal in ILD but can decrease with exercise as a result of anaerobic metabolism in oxygen-deprived muscles.


Bronchoscopic Studies


Bronchoscopy should be performed when tissue abnormalities are distributed in the bronchovascular bundle，an alveolar filling disorder is present，or an infectious disease is suspected. The distinctive histologic abnormalities of sarcoidosis，lymphangitic carcinomatosis，and lymphangioleiomyomatosis are usually found in the bronchovascular bundle；transbronchial biopsy may demonstrate their characteristic lesions. Bronchoalveolar lavage（BAL）is diagnostic if an infectious agent or neoplastic cell is noted in the lavage specimen. A predominance of eosinophils in conjunction with an appropriate clinical/radiographic picture can diagnose eosinophilic pneumonia. An asbestos body count of more than 1 per milliliter of BAL fluid documents significant asbestos exposure. In histiocytosis，ultrastructural studies of BAL mononuclear cells reveal the typical Birbeck granule of the Langerhans cell. Special stains for surfactant may reveal a sufficient abnormality to enable a diagnosis of alveolar proteinosis. However，BAL usually is nonspecific，and it is not routinely indicated because of its limited ability to predict the underlying pathology（fibrosis versus inflammation），to stage disease，or to predict response to therapy.


Lung Biopsy


The diagnosis of most ILDs depends on histologic studies of lung parenchyma. Transbronchial biopsy should be performed if sarcoidosis or alveolar filling diseases are likely. An open lung or thoracoscopic biopsy is required to secure a specific diagnosis and accurately stage most cases of ILD in patients who do not have systemic rheumatic disease or drug-induced injury. Open or thoracoscopic biopsy is performed if the diagnosis remains questionable after reviewing the clinical，radiographic，BAL，and transbronchial biopsy data，and if the patient is not at high risk for this procedure because of age or other serious medical disease. The mortality rate for open lung biopsy is less than 1%，and the morbidity is less than 3%. A specific diagnosis is established in 90% of cases.


Diagnosis


The diagnostic process for a patient with diffuse parenchymal lung disease must start with the elicitation of a thorough and extensive medical history that should include review of symptoms or signs suggestive of a systemic disorder，occupational and environmental exposures，use of medications and drugs，and family medical history.


Treatment


Although the course of ILD is variable，progression is common and often insidious. All treatable possibilities should be carefully considered. Since therapy does not reverse fibrosis，the major goals of treatment are permanent removal of the offending agent，when known and early identification and aggressive suppressoin of the acute and chronic inflammatory process，thereby reducing further lung damage.

Hypoxemia（PaO2
 ＜55 mmHg）at rest and/or with exercise should be managed by supplemental oxygen. If cor pulmonale develops，diuretic therapy and phlebotomy may occasionally be required.











22 Disease of Pleura






The pleura consist of a layer of mesothelial cells with a smooth semitransparent appearance. The pleura are supported by a network of connective and fibroelastic tissue，lymphatics，and vessels. The mesothelial cells are rich in microvilli，and their most important function is to deliver glycoproteins rich in hyaluronic acid to decrease friction between lung and chest wall. The parietal pleura cover the surface of the chest wall，diaphragm，and mediastinum；it is supplied with blood from the systemic circulation and contains sensory nerves. The visceral pleura cover the surface of the lungs，including the interlobar fissures；its blood supply arises from the low-pressure pulmonary circulation and has no sensory nerves. The two layers are separated by a virtual cavity，which is lubricated by 5 to 10 mL of fluid，facilitates lung expansion，and helps maintain lung inflation by coupling it with the chest wall.


Pleural Effusion


The pleural space lies between the lung and chest wall and a few milliliters of pleural fluid is normally present within the pleural space，which serves as a lubricating film between the visceral and parietal pleural surfaces. Pleural effusion is defined as the abnormal accumulation of fluid within the pleural space.


Etiology：
 （a）Increased hydrostatic pressure in microvascular circulation（heart failure）.

（b）Decreased oncotic pressure in microvascular circulation（severe hypoalbuminemia）.

（c）Dcreased pressure in the pleural space（lung collapse）.

（d）Increased permeability of the microvascular circulation（pneumonia）.

（e）Impaired lumphatic drainage from the pleural space（malignant effusion）.

（f）Movement of fluid from peritoneal space（ascites）.


Pathophysiology：
 Pleural fluid may be caused by either excess fluid production or decreased absorption；in some conditions，both mechanisms may be operative. Effusions are common manifestation of both systemic and intrathoracic diseases. The factors that condition whether pleural fluid accumulates include（a）oncotic pressure in the pleural fluid，the pleural microcirculation，and lymphatics；（b）the permeability of the pleural microcirculation；and（c）the pressure in the systemic veins and the pulmonary veins. These factors are embodied in Starling’s equation. However，this balance can also be altered，favoring fluid accumulation，by any process that obstructs lymphatic drainage. Also，peritoneal fluid can gain access to the pleural space via both diaphragmatic defects and transdiaphragmatic lymphatics. Thus，under a wide variety of circumstances pleural fluid exchange can be compromised，leading to the development of a pleural effusion.


Symptoms：
 Although suggestive，a patient’s history of pain，dyspnea，or cough is neither sensitive nor specific.


Physical examination：
 Patients with pleural effusion can have dullness to percussion，diminished breath sound，and reduced tactile and vocal fremitus over the involved hemithorax on physical examinations. Altering the patient’s position will occasionally shift these physical findings to dependent regions of the hemithorax. Large effusions（＞1500 mL）are frequently associated with an appreciable inspiratory lag，bulging intercostals margins，contralateral mediastinal shift，or atelectasis（e.g.，egophny，bronchial breath sounds）.


Diagnosis



Chest radiographs：
 An effusion is suspected when there is blunting and medial displacement of the sharp costophrenic angle. Fluid accumulation between the lung and the diaphragm is suspected when there is apparent elevation of the hemidiaphragm or widening of the shadow between the gas-containing stomach and the lower left lung margin. A collection of pleural air and fluid（hydropneumothorax）usually produces horizontal and not concave margins. Often，the chest radiograph is the only clue to the presence of an effusion，and may suggest its cause.

Exudative pleural effusions is diagnosed if it fulfils at least one of the following criteria（1）pleura fluid protein/serum protein ＞0.5；（2）pleural fluid LDH/serum LDH ＞0.6；（3）pleura fluid LDH more than 2/3 normal upper limit for serum. Thoracentesis and pleural fluid analysis：A transudative pleura effusion occurs when systemic factors that influence the formation and absorption of pleural fluid are altered.


Treatment


Treatment of pleural effusions of usually that of the underlying disease. Therapeutic thoracenteses，however，are often necessary in cases of a large effusion or when the patient has significant underlying parenchymal lung disease. Always note whether symptoms such as dyspnea，chest pain，or cough resolve after evacuation of the effusion. Patients with recurrent symptoms that coincide with recurrent fluid accumulation should be considered for pleurodesis. Only patients with a very limited survival（＜2—3 months）should continue to be treated by multiple large-volume thoracentesis. Special therapeutic approaches may be necessary in patients with malignant effusions，malignant mesothelioma，empyema，tuberculosis，hemothorax，or trapped lung.











23 Pneumothorax






The pleural space is located between the visceral surrounding the lung and the parietal pleura lining the inside of the rib cage；it is occupied by a small amount of lubricating pleural fluid. Pleural pressure is negative compared with atmospheric pressure，which helps maintain lung inflation. If the parietal or visceral pleura are breached and the pleural space is exposed to atmospheric（positive）pressure，air enters the pleural space，and lung collapses inward toward the mediastinum. Any condition that impairs the structural integrity of either pleural membrane can produce a pneumothorax. The prognosis and management depend to the underlying cause.

Pneumothorax refers to the presence of air or gas in the pleural cavity，which results in violation of the pleural space. Primary pneumothorax occurs spontaneously in child without known lung disease，whereas secondary pneumothorax occurs as a complication of chronic or acute lung disease or because of trauma. Iatrogenic pneumothorax is a complication of certain diagnostic or therapeutic procedures such as central line placement.


Etiology


Simple or complicated pneumothorax is very common in both blunt and penetrating pediatric chest injuries. Cases not associated with trauma are generally due to a pulmonary bleb rupture with subsequent air leakage into the pleural space. Inhalation of some toxic substances，most notably crack cocaine，can also lead to this condition. Spontaneous secondary pneumothoraces may occur in patients with underlying lung diseases such as asthma，cystic fibrosis，or pneumonia. When trauma results in pneumothorax，it may be secondary to blunt trauma or penetrating trauma. Penetrating trauma results in open or communicating pneumothorax. The two chief causes of spontaneous pneumothorax are：rupture of a subpleural emphysematous bulla or pleural bleb，or the pulmonary end of a pleural adhesion；rupture of a subpleural tuberculous focus.


Pathophysiology


The main physiologic consequences of a pneumothorax are a decrease in vital capacity and a decrease in PaO2
 . Most patients with a pneumothorax have a reduced PaO2，
 and an increased alveolar-arterial oxygen tension difference. The reduction in PaO2
 appears to be caused by areas with low ventilation-perfusion ratios，anatomic shunts，and alveolar hypoventilation.

There are three types of spontaneous pneumothorax.

In a simple pneumothorax，also called closed pneumothorax，communication between the pleural and lung seals off as the lung deflates and does not reopen，air in the pleural space dose not build up significant pressure but allows the lung to collapse 10%—30% without further expansion of the pneumothorax.

With an open pneumothorax the communication is generally with a bronchus and dose not seals off when the lung collapse. The air pressure in the pleural space approximates to atmospheric pressure both on inspiration and expiration and lung cannot re-expand. Moreover，the large bronchial communication facilitates the air passages into the pleural space and empyema is a common complication. The term open is also applied to a pneumothorax resulting from a penetrating wound of the chest wall. This type also called complicated pneumothorax，a complicated pneumothorax is progressive and consists of continued air leakage into the pleural space and progressive lung collapse. This continued air leak results in positive pressure within the hemi-thorax and displacement of the mediastinum.

A tension pneumothorax may develop if the communication between the pleura and lung persists but is small and acts as a one-way valve which allows air to enter the pleural space during inspiration and coughing but prevents it from escaping. Very large amounts of air may be trapped in the pleural space and the intra-pleural pressure may rise to well above atmospheric levels. This causes not only compression of the underlying deflated lung but also mediastinal displacement towards the opposite side，with consequent compression of the opposite lung and cardiovascular compromise. Tension pneumothorax is a life-threatening emergency. The positive pressure results in a shift of the mediastinal structures to the contralateral side，which causes a decrease in cardiac output as a consequence of decreased venous return and leads to rapidly progressive shock and death if not treated.


Symptoms


The severity of the symptoms depends on the extent of the lung collapse. The onset is usually sudden，with pain or a feeling of tightness on the affected side of the chest that may be aggravated by deep breathing. The patient becomes increasingly breathless and in severe casers cyanosed.


Physical Examination


Physical signs in the chest are of air in the pleural space but when the penumothorax is small and localized there may be no abnormal signs and it may be revealed only by a radiograph.


Closed spontaneous pneumothorax：
 Breathlessness，which is seldom severe unless there is underlying bronchopulmonary disease，gradually abates over the course of a few days. Progressive spontaneous absorption of air takes place and re-expansion of the lung is usually complete within a few weeks，depending upon the initial size of the pneumothorax. Pleural infection is uncommon in this type of pneumothorax.


Open spontaneous pneumothorax：
 This usually follows rupture of an emphysematous bulla，a small pleural bleb，a tuberculous cavity or a lung abscess into the pleural space. The onset is similar to that of the closed type but breathlessness does not improve and，when the cause is tuberculosis or lung abscess，pyrexia and systemic disturbance soon ensure. There are the physical and ratiological signs of air，or air and fluid，in the pleural space. Acid-fast bacilli can be isolated from the pleural fluid in tuberculosis.


Tension pneumothorax：
 A tension or valvular pneumothorax produces the most dramatic clinical picture. Breathlessness is rapidly progressive and is accompanied by central cyanosis. Death may occur from asphyxia within a few minutes，but usually the course of events is less rapid and medical attention can be obtained in time to avert a fatal outcome.

A patient with a simple pneumothorax may either be asymptomatic or present with symptoms such as chest pain and dyspnea. A more extensive pneumothorax often produces pleuritic chest pain，dyspnea，tachypnea，cyanosis，and decreased breath sounds on the involved side. Hyperresonance to percussion may be noted on the affected side. Patients with a tension pneumothorax may present in shock and have trachea displacement to the unaffected side. If the pneumothorax is due to trauma，look for contusions or abrasions on the chest wall or a small puncture wound that does not allow free movement of air between the outside and the pleural cavity.


Diagnosis


The diagnosis of pneumothorax is usually made on clinical history and review of chest radiographs. The chest radiograph usually shows a sharply defined edge of the deflated lung which may be more easily seen when the film is taken in expiration. There is complete translucency between this and chest wall，with no lung markings. The degree of pulmonary deflation varies. In some cases，computed tomographic（CT）scanning may be necessary for diagnosis. CT scans can be used to document or identify unilateral or bilateral bullous abnormalities during or after episodes of pneumothorax. CT scans can also be helpful to guide chest tube drainage in patients with complex，uniloculated or multiloculated penumothoraces，and to help differentiate pleural air collections from bullsions air collections. This is important to avoid inadvertently inserting chest tubes into lung bullae.


Treatment


The management of pneumothorax depends on the setting in which it occurs. In generally，treat a small，simple pneumothorax conservatively unless the patient is symptomatic；use oxygen to increase reabsorption of intrapleural air，observe the patient，and repeat chest radiographs. However，a small，simple pneumothorax in a trauma patient is best treated with a chest tube since it may rapidly convert into a tension pneumothorax，especially if positive pressure ventilation is applied. Large or symptomatic pneumothoraces requires chest tube placement and surgical intervention. A tension pneumothorax requires immediate decompression with needle thoracostomy. It is now recognized that perutaneous aspiration is a simple，effective and well-tolerated alternative to intercostal tube drainage in patients presenting with spontaneous pneumothorax. However，even a small pneumothorax may cause severe respiratory failure in patient with COPD and hence such patients are more likely to patients with require intercostals tube drainage and inpatient observation. If required，an intercostal drain should be inserted in the 4th，5th or 6th intercostals space in the mid-axillary line following blunt dissection through to the parietal pleural. The tube should advance in an apical direction，connected to an underwater seal and secured firmly to the chest wall. Clamping of the drain is unnecessary and potentially dangerous. The drain should be removed 24 hours after the lung has fully re-inflated and bubbling stopped.


Prophylaxis：
 Patients presenting with a spontaneous pneumothorax should be not fly for 3 months and should be advised to stop smoking and about the risks of a further attack.











24 Primary Bronchogenic Carcinoma






Malignant lung tumors arise from the respiratory epithelium and are termed bronchogenic carcinoma.


Etiology


Risk factors：Cigarette smoking is the most important risk factor for lung cancer. Other risk factors include secondhand smoke，occupational or environmental exposures to radon and asbestos（particularly among smokers），certain metals（chromium，cadmium，arsenic），some organic chemicals，radiation，air pollution，coal smoke，and indoor emissions from burning other fuels，diet. Genetic susceptibility contributes to risk，especially in those who develop the disease at a younger age.


Epidemiology


Worldwide，lung cancer is the leading cause of cancer death in men and the second leading cause of cancer death in women，with about 975，000 men and 376，000 women projected to die from it in 2007. The five-year survival rate for all stages combined is about 15% in the United States and Europe.


Pathophysiology


The respiratory epithelium develops as an out pouching from the endoderm of the primitive foregut. All respiratory epithelial cells differentiate from the primitive respiratory epithelium. In the alveolar epithelium，the type Ⅱ cell is the proliferative stem cell. All histologic subtypes of bronchogenic carcinoma are believed to be derived from the respiratory epithelium. The different histologic subtypes are a reflection of the differentiation pathway taken by a particular tumor. The plasticity of this differentiation is demonstrated by the occurrence of mixed tumors expressing differentiation markers for more than one histologic subtype. In addition，experimental expression of specific oncogenes in lung cancer cell lines can alter their differentiation characteristics.


Pathology



Non-small cell lung cancer（NSCLC）：
 Adenocarcinoma has increased in incidence and is now the most frequent histologic subtype. Adenocarcinomas can be derived from either the periphery of the lung or the central airways.

Squamous cell carcinoma tends to originate in the central airways. Histologically，squamous cell carcinomas are characterized by keratinization with keratin “pearl” formation（i.e.，flattened cells surrounding central cores of keratin）. Squamous carcinomas are also characterized by predominant desmosomes that can be visualized on histologic sections as intercellular bridges.

Large cell carcinoma，often referred to as large cell undifferentiated carcinoma，is a group of carcinomas undifferentiated at the light microscopic level. Large cell carcinomas may exhibit neuroendocrine or glandular differentiation markers when studied by immunohistochemistry or electron microscopy. Two rare subtypes of large cell carcinomas are the giant cell carcinomas，associated with peripheral leukocytosis，and clear cell carcinomas，which resemble renal cell carcinomas.

Bronchoalveolar carcinoma，a subcategory of adenocarcinoma，arises in the periphery and tends to spread in a lepidic fashion along preexisting alveolar septa. Bronchoalveolar carcinoma characteristically contains air bronchograms on imaging studies.

Bronchial carcinoids are well-differentiated neuroendocrine tumors that often cause localized bronchial obstruction and appear in young people. Although carcinoids tend not to metastasize widely，they can exhibit a spectrum of biologic behavior. Carcinoid syndrome is uncommon in patients with pulmonary carcinoid.


Small cell lung cancer（SCLC）：
 SCLC is characterized by small，dark-staining cells with little cytoplasm. The nuclear chromatin is finely distributed，and nucleoli are inconspicuous. Biopsies frequently exhibit a “crush artifact”，in which the tumor cells are compressed and distorted.


Symptoms


Lung cancer is clinically silent for most of its course. Symptoms can be divided into four categories：


Those caused by tumor growing locally cough：
 Either a new cough or a change in the nature of a chronic cough is the most common presenting symptom of bronchogenic carcinoma. Hemoptysis，either gross or minor，commonly occurs when mucosal lesions ulcerate. Wheezing：Tumors that obstruct major airways can produce wheezing，and unilateral wheezing suggests a localized obstruction. Fever，emaciation：Airway obstruction can result in atelectasis or postobstructive pneumonia. Bronchogenic carcinomas are often associated with cavitation and lung abscess formation，due either to airway obstruction with postobstructive pneumonia or to necrosis of a large tumor mass. Clinical signs particularly indicative of malignancy-associated lung abscess include chronicity of symptoms，lack of high fever，and lack of leukocytosis.


Those caused by tumor invading adjacent structures


1. Chest pain，dyspnea：Local invasion can produce chest pain，dyspnea from pleural effusion，and symptoms referable to nerves，heart，and great vessels.The superior vena cava syndrome is characterized by facial suffusion and swelling due to blockage of the superior vena cava by either tumor or associated thrombosis.

2. Horner’s syndrome：Horner’s syndrome results from disruption of the cervical sympathetic nerves and is characterized by unilateral facial anhidrosis，ptosis，and miosis in its full-blown form.

3. Hoarseness：Hoarseness can occur from invasion of the recurrent laryngeal nerve，usually by either tumor directly extending into the mediastinum or by adjacent malignant lymph nodes.

4. The Pancoast syndrome：The Pancoast syndrome occurs in tumors involving the apex and superior sulcus of the lung and results from local invasion into the brachial plexus as well as the cervical sympathetic nerves. Clinical manifestations are dominated by shoulder and arm pain and may include Horner’s syndrome.


Those caused by metastatic disease：
 Common sites of metastases of bronchogenic carcinomas include brain，bone，adrenal gland，and liver. In addition，metastatic carcinoma is a frequent cause of cervical and supraclavicular lymphadenopathy.


Paraneoplastic syndromes：
 Paraneoplastic manifestations can be divided into systemic，endocrine，neurologic，cutaneous，hematologic，and renal categories.


Physical Examination


Systemic manifestations are often nonspecific and can include weight loss，anorexia，and fever. The endocrine and neurologic manifestations of bronchogenic carcinoma are more specific. Digital clubbing is seen in a variety of pulmonary conditions but occurs most commonly in association with bronchogenic carcinoma. Clubbing is caused by soft tissue subungual thickening that most commonly involves the fingernails，resulting in loss of the normal angle between the fingernail and nail bed. In addition，the fingernails are easily compressed against the nail bed and have a spongy feel. Hypertrophic pulmonary osteoarthropathy is often associated with clubbing，and patients commonly present with exquisite tenderness over the long bones. Hypercoagulable states can result from bronchogenic carcinoma. Invasion of the bone marrow can produce anemia or leukocytosis with a leukoerythroblastic reaction.


Diagnosis


International Staging of Small Cell Lung Cancer




	STAGE
	
DEFINITION




	Limited
	Tumor confined to chest plus supraclavicular nodes，but excluding cervical，axillary nodes



	Extensive
	Tumor outside of above confines






STAGING DEFINITIONS FOR NON-SMALL CELL LUNG CANCER




	STAGE
	DEFINITION



	Tumor



	T0
	No tumor



	TX
	Primary tumor cannot be assessed；or positive cytology，no apparent tumor



	Tis
	Carcinoma in situ



	T1
	Tumor＜3 cm in diameter，no visceral pleural or main bronchial involvement



	T2
	Tumor＞3 cm diameter，visceral pleural or main bronchial involvement＜2 cm from carina； atelectasis extending to hilum but not involving whole lung



	T3
	Direct extension to chest wall，diaphragm，mediastinal pleura，parietal pericardium or＜2 cm from carina，but not involving carina；atelectasis involving whole lung



	T4
	Invades heart， great vessels， esophagus， trachea， carina， vertebrae， malignant pleural or pericardial effusion，or satellite tumor nodules within the ipsilateral primary tumor lobe of lung



	Notes



	N0
	No involvement



	NX
	Cannot assess regional lymph nodes









	STAGE
	
DEFINITION




	N1
	Ipsilateral peribronchial or hilar nodal involvement and intrapulmonary nodes involved by direct extension



	N2
	Ipsilateral mediastinal or subcarinal nodal metastasis



	N3
	Contralateral mediastinal or hilar nodal metastasis； any supraclavicular or scalene nodal metastasis



	Metastasis



	M0
	None detected
	



	M1
	Any distant metastasis
	






STAGE GROUPING AND SURVIVAL FOR NON-SMALL CELL LUNG CANCER




	STAGE
	DEFINITION
	5‐Y EAR SURVIVAL（％）



	0
	Carcinoma in situ
	Clinical Staging
	Pathologic Staging



	Ⅰ A
	T1N0M0
	60
	67



	Ⅰ B
	T2N0M0
	38
	57



	Ⅱ A
	T1N1M0
	34
	55



	Ⅱ B
	T2N1M0， T3N0M0
	22 —24
	38



	Ⅲ A
	T3N1M0， T1N2M0T2N2M0， T3N2M0
	9 —13
	25



	Ⅲ B
	T4， any N，M0 T1 ‐3， N3， M0
	3 —7
	　



	Ⅳ
	Any T，any N，M1
	1
	　






T=tumor；N=node；M=metastasis.


Imaging studies：
 The chest radiograph is often the most important radiologic study in the evaluation of lung nodules，especially if old films are available. The stability of a lesion over time can be very helpful in suggesting either a benign or a malignant diagnosis.

CT scanning：of the thorax is usually undertaken in patients with suspicious nodules. In many cases，dense or diffuse calcification（suggesting a high likelihood that the lesion is a granuloma）or fat（suggesting a hamartoma）can be detected. CT scans also reliably detect enlarged lymph nodes，although biopsy is required to determine whether the lymphadenopathy is due to metastatic tumor.

Magnetic resonance imaging studies are particularly useful to detect vertebral，spinal cord，and mediastinal invasion in selected patients.

PET scanning or contrast nodule enhancement CT is highly reliable in differentiating between benign and malignant nodules，although both false-positive findings，which are particularly common in the presence of active inflammation，and false-negative findings occur.


Pathologic diagnosis：
 Sputum cytology is the least invasive means to establish a tissue diagnosis. Sputum cytology is approximately 60% to 70% sensitive for central lesions but much less accurate for small peripheral lesions.

Other relatively noninvasive means of establishing a diagnosis include pleural fluid cytologic analysis，biopsy or aspiration cytologic analysis of enlarged cervical and supraclavicular lymph nodes，and biopsies of skin lesions.

More invasive means of establishing a tissue diagnosis include bronchoscopy，needle biopsy，video-assisted thoracoscopy，cervical mediastinoscopy，and thoracotomy.


Treatment


Treatment options are determined by the histologic type of tumor（small cell，non-small cell），stage at diagnosis and a patient’s performance status. Treatments include surgery，radiation therapy，chemotherapy，and targeted biological therapies. For localized cancers，surgery is usually the treatment of choice. Recent studies indicate that survival with early stage non-small cell lung cancer is improved by chemotherapy following surgery. Because the disease has usually spread by the time it is discovered，radiation therapy and chemotherapy are often used，sometimes in combination with surgery. Chemotherapy alone or combined with radiation is the treatment of choice for small cell lung cancer.


Non-small cell lung cancer


1. Surgery：Surgery offers the best chance for curing appropriately staged patients with NSCLC. Patients with stages Ⅰ through ⅢA NSCLC are routinely considered for surgery，with 5-year survival rates ranging from 60 to 80% for patients with stage Ⅰ disease to 15% to 25% for selected patients with stage ⅢA disease.

2. Radiation therapy：Radiation therapy for NSCLC often effectively controls local disease. Significant physiologic impairment does result；however，so most patients who might be considered for curative radiation therapy are also candidates for curative surgical therapy. Radiation therapy is often used to palliate symptoms，endobronchial symptoms，including hemoptysis and obstruction，frequently respond to radiation. Distant metastases also are frequently treated primarily with radiation. Radiation therapy is an important component of combined-modality therapy for NSCLC.

3. Chemotherapy：A number of drugs are frequently used：cisplatin，carboplatin，paclitaxel，mitomycin，vinca alkaloids，gemcitabine，vinorelbine，ifosfamide，and etoposide.

In selecting patients with NSCLC for chemotherapy，several factors should be kept in mind. Survival is reduced and side effects of chemotherapy are increased in patients who are not fully ambulatory；benefits to this group are likely to be minimal.


Small cell lung cancer：
 Chemotherapy is the cornerstone of treatment for both limited-and extensive-stage SCLC. A variety of agents have activity. Many experts believe that regimens containing etoposide or irinotecan and either carboplatin or cisplatin offer the best combination of efficacy and lack of toxicity.

In patients with limited-stage SCLC，the most frequent site of recurrence is the primary lesion. Therefore，at the present time，either concurrent or alternating chest radiation therapy with chemotherapy is preferred in patients with limited-stage disease. Radiation therapy is used as palliation in patients in whom initial chemotherapy fails. The addition of radiation therapy does not seem to increase survival，but it does increase toxicity.


Prophylaxis：
 Lung cancer is one of the most preventable cancers. Most lung cancers could be prevented by reducing smoking initiation among adolescents and increasing smoking cessation among adults.

This requires a comprehensive tobacco control program that includes raising the price of tobacco products through excise taxes，banning smoking in public places，restricting tobacco advertising and promotion，counter advertising，and providing treatment and counseling for tobacco dependence.











25 Respiratory Failure






Respiratory failure is defined as a failure of gas exchange due to inadequate fuction of one or more essential components of function of one or more essential components of the respiratory system. Clinically，respiratory failure can be manifest either as hypoxemia（PO2
 ＜60 mmHg at sea level），i.e.，inadequate blood oxygenation；hypercarbia（PCO2
 ＞45 mmHg），i.e.，excess of circulating carbon dioxide；or frequently，a combination of both types of gas exchange abnormalities. Respiratory failure is classified as hypoxemic，hypercaribic，or combined. It is not a disease entity；it is the presence of severe dysfunction of pulmonary ventilation and/or gas diffusion caused by a great variety of disorders leading to remarkable hypoxia（with or without hypercapnia）in resting status. In case of respiratory failure there is coexistence of a series of metabolic disturbances and multiple functional abnormalities.


Classification and Etiology



According to arterial blood gas analysis：


Respiratory failure typeⅠ：hypoxia without hypercapnia（PO2
 ＜60 mmHg，PCO2
 decreased or normal）. It is commonly seen in ARDS，pulmonary interstitial fibrosis and disorders associated with impaired pulmonary diffusion，etc.

Respiratory failure typeⅡ：arterial hypoxia with hypercapnia（PO2
 ＜60 mmHg，PCO2
 ＞50 mmHg）. It is due to impaired alveolar ventilation. In case of COPD the impairment of ventilation and diffusion may coexist，thus aggravating the hypoxia.

According to course of the illness：Acute respiratory failure：the respiratory failure occurs abruptly due to acute remarkable impaired ventilation and/or diffusion resulting from a great variety of underlying disorders，even if patient’s original pulmonary function may be normal or compensated. The common causative factors include：acute airway obstruction，ARDS，severe asthma. Various kinds of pulmonary edema，severe respiratory tract infection，medicine intoxications，chest-lung injurys，intracranial disease with respiratory center suppression and paralysis of respiratory muscle，etc.

Chronic respiratory failure：it is due to gradual of respiratory function caused by a great variety of chronic disease，including respiratory disease and neuro-muscular disease. COPD is one of the most common diseases；others are severe chest deformity and extensive pleural thickening.


According to pathophysical：


Pump failure：such as respiratory failure caused by neuromuscular disease.

Lung failure：due to disorder of respiratory organ itself.


Epidemiology


Respiratory failure is a common diagnosis among patients in medical intensive care units（ICUs）and is associated with a poor prognosis. The incidence of respiratory failure is 137 cases per 100，000 population，or 360，000 cases per year in the United States，with 36% of these individuals failing to survive the hospitalization. Both the incidence of and mortality from respiratory failure increase exponentially with age and in the presence of other comorbid conditions. Therapeutic advances in both mechanical ventilation and airway management have improved the prognosis for patients with respiratory failure over the past several decades. Even patients with irreversible chronic respiratory failure can now be provided with ventilator support systems that allow an acceptable quality of life and can be managed at home. Lung transplantation is also an option for selected patients with chronic respiratory failure，although the widespread use of transplantation is limited by both the availability of organ donors and the number of qualified transplant centers.


Pathophysiology


Respiratory failure can arise from an abnormality in any of the components of the respiratory system，including the airways，alveoli，CNS，peripheral nervous system，respiratory muscles，and chest wall. Patients who have hypoperfusion secondary to cardiogenic，hypovolemic，or septic shock often present with respiratory failure.

Hypoxemic respiratory failure：the pathophysiologic mechanisms that account for the hypoxemia observed in a wide variety of diseases are ventilation-perfusion（V/Q）mismatch and shunt. There two mechanisms lead to widening of the alveolar-arterial oxygen difference，which normally is less than 15mmHg. With V/Q mismatch，the areas of low ventilation relative to perfusion contribute to hypoxemia. An intrapulmonary or intracardiac shunt causes mixed venous blood to bypass ventilated alveoli and results in venous admixture. In most patients with hypoxemic respiratory failure，these two mechanisms coexist.

Hypercapnic respiratory failure：A decrease in ventilation can result from a reduction in overall ventilation or an increase in the proportion of dead space ventilation. A reduction in minute ventilation is observed primarily in the setting of neuromuscular disorders and CNS depression. In pure hypercapnic respiratory failure，the hypoxemia is easily corrected with oxygen therapy.

Hypoventilation，V/Q mismatch，and shunt are the most common pathopyhsiologic causes of acute respiratory failure. Hypoventilation is an uncommon cause of respiratory failure and usually occurs from depression of the CNS from drugs or neuromuscular disease affecting respiratory muscles. Hypoventilation is characterized by hypercapnia and hypoxemia. V/Q mismatch is the most common cause of hypoxemia. V/Q units may vary from low to high ratios. Slunt is defined as the persistence of hypoxemia despite 100% oxygen inhalation.


Symptoms and Physical Examination


The symptoms and signs of acute respiratory failure reflect the underlying disease process and the associated hypoxemia and hypercapnia. Localized pulmonary findings reflecting the acute cause of hypoxemia，such as pneumonia，pulmonary edema，asthma，or COPD，may be readily apparent. In patients with ARDS，the manifestations may be remote from the thorax，such as abdominal pain or long-bone fracture. Neurological manifestations include restlessness，anxiety，confusion，seizures，or coma. Asterixis may be observed with severe hypercapnia. Cyanosis，a bluish color of skin and mucous membranes，indicates hypoxemia. Dyspnea，an uncomfortable sensation of breathing，often accompanies respiratory failure. Both confusion and somnolence may occur in respiratory failure. Myoclonus and seizures may occur with severe hypoxemia. Polycythemia is a complication of long-standing hypoxemia.


Diagnosis


There are primary diseases capable of leading to respiratory failure.There are clinical manifestations of hypoxia and hypercapnia，such as dyspnea，cyanosis，increase in heart rate，peripheral venous dilatation. Sweaty and neuro-psychiatric symptoms（headache，lethargy，excitation，delirium，tremor，tic，papilloedema，etc）.Blood-gas analysis：PO2
 ＜60 mmHg，PCO2
 ＞50 mmHg.

Criteria for the diagnosis of acute respiratory distress syndrome：

Clinical presentation-Tachypnea and dyspnea；crackles upon auscultation.

Clinical setting-Direct insult（aspiration）or systemic process causing lung injury（sepsis）.

Radiologic appearance-Three-quadrant or 4-quadrant alveolar flooding.

Lung mechanics-Diminished compliance（＜ 40 mL/cm water）.

Gas exchange-Severe hypoxia refractory to oxygen therapy（PaO2
 /FiO2
 ＜ 200）.

Normal pulmonary vascular properties-Pulmonary capillary wedge pressure＜ 18 mmHg.


Treatment


The primary disease should be well treated. Effective and prompt measures should be taken for relieving hypoxia and hypercapnia.Establishing a patient airway：clear the pharynx；encourage the patient to cough out the sputum；expectorants can be used to facilitate expectoration of the sputum；application of bronchodilators，such as β2
 -receptor agonist，salbutanmol，selective M-receptor blocker，etc. If above therapeutic measures are not satisfactory and the patient is underwent a critical condition，endotracheal tube or tracheotomy can be used to establish an artificial airway.


Oxygen therapy：
 the concentration of O2
 should be adjusted according to different clinical conditions in order to increase PaO2
 and SaO2
 appropriately. In the respiratory failure typeⅠ，high concentration of O2
 （＞ 35%）is advisable to make PO2
 ＞60 mmHg and SaO2
 ＞90%，administration of high concentration of O2
 for long time may lead to oxygen intoxication unless O2
 concentration is less than 50%. In respiratory failure typeⅡ，low concentration and continuous flow（inhalation of ＜35% O2
 is appropriate for this kind of patient），the higher the inspired O2
 concentration，the greater risk of hypercapnea，which may predispose to the possibility of pulmonary encephalopathy. Method of administration：nasal tube，catheter or nasal probe can be used for administration of O2
 . The ratio of FiO2
 and inspirited O2
 flow can be roughly calculated as follows：FiO2
 = 21+ ［（4×inspirated O2 flow
 L/min）］.

Make attempt to decrease hypercapnia：respiratory stimulant，it is used selectively for typeⅡrespiratory failure in order to increase respiratory frequency and tidal volume，to favor keeping consciousness of the patient and to facilitate the spontaneous expectoration of sputum，and the respiratory stimulant is not indicated for typeⅠrespiratory failure. Mechanical ventilation，it is a vital technique to rescue the patient from respiratory failure. An artificial airway should be established as soon as possible in case of severe respiratory failure with the following indications：mental disturbance；large amount of sputum or difficulty in expectoration. Coexistence of some disorder such as bulbar paralysis and severe abdominal distention liable to have repeated vomiting which has the risk of retrograde tracheal aspiration，poor general condition of the patient，severe hypoxia and/or hypercapnia（PO2
 ≤45 mmHg，PCO2
 ≥70 mmHg）. Complicated with MOF. Mechanical ventilation includes invasive ventilation and noninvasive ventilation.


Treatment for acid-base imbalance and electrolyte disturbance：
 Respiratory acidosis：it is essential to improve alveolar ventilation，while alkaline supplement is not necessary. Respiratory acidosis complicated with metabolic acidosis：first of all，the cause of metabolic acidosis should be clarified and treated，such as severe hypoxia may lead to increase in lactic acid or it is due to renal dysfunction. Respiratory acidosis complicated with metabolic alkalosis：metabolic alkalosis caused by iatrogenic factors should be prevented.


Antibiotic treatment：
 Respiratory infection is the usual predisposing factor of respiratory failure and is hard to be controlled in care of pneumonia associated with mechanical ventilation and with immune depression. It is advocated to select antibiotics to control the respiratory infection according to culture of sputum and drug-sensitivity test. The airway should be cleaned as possible.


Supportive measures：
 There is malnutrition and weakness or fatigue in the majority of patients with respiratory failure. Thus，diet with high protein，high fat，low carbohydrate，multivitamins，trace elements should be given through nasal gastric tube or high caloric intravenous feeding may be used if necessary，to attain basic energy consumption.









SECTION Ⅴ Renal Disease




Li Rongshan Tan Zhicheng Bai Bo Qiao Xi

26 Structure and Function of the Kidney



Kidneys are paired retroperitoneal organs situated in the posterior part of the abdomen on each side of the vertebral column. In humans，the kidney is approximately 10 to 11 cm in length，5.0 to 6.0 cm in width，and 3.0 to 4.0 cm in thickness. Two distinct regions can be identified on the cut surface of a bisected kidney：a pale outer region（the cortex）and a darker inner region（the medulla）. In humans，the medulla is divided into 8 to 18 striated conical masses，the renal pyramids. The base of each pyramid is positioned on the corticomedullary boundary，and the apex extends toward the renal pelvis to form a papilla. On the tip of each papilla are 10 to 25 small openings that represent the distal ends of the collecting ducts. The functional unit of the kidney is the enthrone，the kidney of human contains roughly two million nephrons，this number is already established during prenatal development. After birth new nephrons cannot be developed，a lost nephron cannot be replaced.


Nephrons


A nephron consist of a renal corpuscle（glomerulus）connected to a complicated and twisted tubule that finally drains into a collecting duct. Based on the location of renal corpuscles within the cortex，three types of nephron can be distinguished：superficial，midcortical and juxtamedullary nephrons.The tubular part of the nephron consist of a proximal tubule and a distal tubule connected by a loop of Henle.There are two types of nephron，those with long loops of Henle and those with short loops.Short loops turn back in the outer medulla or even in the cortex. Long loops turn back at successive levels of the inner medulla.


Collecting Ducts


A collecting duct is formed in the renal cortex when several nephrons join. A collecting tubule is interposed between a nephron and a cortical collecting. Cortical collecting ducts descend within the medulla rays of the cortex. They traverse the outer medulla as unbranched tubes. On entering the inner medulla they fuse successively and open finally as papillary ducts into the renal pelvis.


The Renal Glomerulus（Renal Corpuscle）


The glomerulus comprises a tuft of specialized capillaries attached to the mesangium，both of which are enclosed in a pouch-like extension of the tubule. The capillaries together with the mesangium are covered by epithelial cells（podocytes），forming the visceral epithelium of Bowman’s capsule. At the vascular pole，this is reflected to become the parietal epithelium of Bowman’s capsule. At the interface between the glomerular capillaries and the mesangium on one side and podocyte layer on the other side，the glomerular basement membrane（GBM）is developed. The space between both layers of Bowman’s capsule represents the urinary space，which at the urinary pole continues as the tubule lumen.

When entering the tuft，the afferent arteriole immediately divides several primary capillary branches，each of which gives rise to an anastomosing capillary network representing a glomerular lobule. In contrast to the afferent arteriole，the efferent arteriole is already established inside the tuft by confluence of capillaries from each lobule. Thus，the efferent arteriole has a significant intraglomerular segment located within the glomerular stalk.

Glomerular capillaries are a unique type of blood vessel made up of nothing but an endothelial tube. A small stripe of the outer aspect of this tube directly abuts the mesangium；a major part bulges towards the urinary space and is covered by the GBM and the podocyte layer. This peripheral portion of the capillary wall represents the filtration area. The glomerular mesangium represents the axis of a glomerular lobule to which the glomerular capillaries are attached.


The Renal Tubule


The renal tubule is subdivided into several distinct segments：a proximal tubule，an intermediate tubule，a distal tubule，a connecting tubule，and the collecting duct. The loop of Henle comprises the straight part of the proximal tubule（representing the thick descending limb），the thin descending and the thin ascending limb（both thin limbs together represent the intermediate tubule），and the thick ascending limb（representing the straight portion of the distal tubule），which includes the connecting tubule and the various collecting duct segments form the collecting duct system.


Renal Function


The kidney has many function including glomerular filtration，reabsorption and secretion in the tubules，concentration and dilution of urine，acidification of urine and production and metabolism of hormones. Above all，the most important parameter in assessing kidney function and progression of renal disease is glomerular filtration rate（GFR）.The GFR represents the renal excretory capacity which may correspond to the functioning mass of the kidney. The prime function of the kidney is to maintain a stable milieu interior by the selective retention and elimination of water，electrolytes，and other solutes.











27 Water and Electrolyte Metabolism






In healthy adults，body water constitutes approximately 60% of the total body weight. It exists in two compartments：the intracellular fluid（ICF）compartment containing two thirds of the total body water and the extracellular fluid（ECF）compartment containing the remaining one third. The capillary endothelial membrane further divides the ECF into two compartments. The intravascular or plasma fluid compartment makes up one fourth of the ECF and the extravascular or interstitial compartment makes up the remaining three fourths of the ECF volume.

The ICF and ECF compartments are in osmotic equilibrium because the cell membranes in the body are freely permeable to water. The ECF volume is determined primarily by the total amount of osmotically active solutes in the compartment. Sodium salts，by virtue of being the most abundant solutes in the ECF，are the most important determinant of ECF volnme.The amount of sodium in the ECF is，therefore，tightly regulated.ECF sodium deficiency results in renal sodium retention and excess ECF sodium promotes increased urinary excretion of sodium.

The most fundamental characteristic of fluid and electrolyte homeostasis is the maintenance of ECF volume and circulatory stability. In normal human，despite significant day-to-day variation in the intake of salt and water，the ECF volume is maintained within a normal range. Maintaining the appropriate ECF volume is critical because it determines the mean arterial pressure and left ventricular filling volume.Furthermore，ECF bathes the cells and is responsible for the delivery of oxygen and nutrients and the removal of metabolic products.


Glomerular Filtration


The amount of sodium excreted by the kidney is dependent on the filtered load of sodium. The determinants of filtered load of sodium include the glomerular filtration rate（GFR）and the serum sodium concentration. In the human kidney，about 1000 mmol（23 g）sodium is filtered each hour. Of this，about 990 mmol（22.8 g）is reabsorbed from the renal tubules.Consequently，any fluctuation in GFR ultimately impacts on the renal handing of sodium.


Glomerulo-tubular Balance


Glomerulo-tubular balance is fundamental property of the kidney whereby changes in GFR automatically induce a proportional change in the rate of proximal tubular sodium reabsorption.Thus，the fractional excretion of sodium is maintained constant in the setting of increases or decreases in GFR.


Segmental Tubular Sodium Reabsorption


The control of tubular sodium reabsorption is more important than GFR in the regulation of urinary sodium excretion. The net urinary sodium excretion is the balance between the filtered load of sodium and amount of sodium reabsorbed from the nephron.As mentioned above，about 99% of the total filtered sodium is reclaimed from the renal tubules. This occurs via four major sodium transporters located along the length of the nephron.The proximal nephron reclaims about 70% and Henle loop accounts for about 20% of the glomerular filtrate. In the distal nephron，about 5% of the filtered sodium is reabsorbed in the distal convoluted tubule and the final 2%—4% is reabsorbed in the collecting duct.


Humoral Mechanisms



Renin-angiotensin-aldosterone system：
 Volume contraction of the ECF leads to renal hypoperfusion，which enhances renin release by the juxtaglomerular apparatus（JGA）.Renal renin release into the plasma accelerates the formation of angiotensin Ⅱ，the direct actions of which on the kidney tend to be anti-natriuretic.These effects occur at relatively low concentrations of angiotensin Ⅱ.The first effect of angiotensin Ⅱ is a direct vasoconstrictor action predominantly on the efferent arteriole，with a subsequent increase in intraglomerular pressure and modulation of peritubular Starling forces；this results in enhanced proximal sodium and water reabsorption. Angiotensin Ⅱ also directly stimulates the proximal tubular reabsorption of sodium independent of changes in renal or systemic hemodynamics.Furthermore，it stimulates the adrenal gland to produce aldosterone，which increases the reabsorption of sodium in the distal parts of the nephron.


Vasopressin：
 The osmotic control for vasopressin release has been well characterized.Vasopression is also released in response to a fall in effective arterial blood volume. This hormone not only enhances water permeability and absorption from the collecting duct but also stimulates sodium chloride reabsorption from the thick ascending limb of the loop of Henle.The systemic vasoconstrictor action of vasopression also help in the defense against perceived ECF volume contraction.


Potassium：
 Potassium is freely filtered at the glomerulus with 65%—70% of K+
 reabsorbed in the proximal tubule. Potassium is secreted into the descending loop of Henle and reabsorbed in the ascending loop of Henle through the action of Na+
 /K+
 /2Cl-
 co-transporter. The net effect is that an additional 25% of K+
 is reabsorbed in the thick ascending loop of Henle，so that only 10%—15% of the filtered load of K+
 reaches the distal nephron.The greater part of K+
 regulation occurs in the distal tubule and collecting duct，with a significant amount of secretion，since approximately 90% of ingested K+
 ends up in the urine. In the normal states，the fractional excretion of K+
 is 10%—20%，with excretion of 70—120 mmol/day.











28 Approach to the Patient with Renal Disease






Glomerular disease has clinical presentation that varies from the asymptomatic individual who is found to have hematuria or proteinuria at a routine medical assessment to a patient with a fulminant illness with acute renal failure possibly associated with life-threatening extrarenal disease. The most dramatic symptomatic presentation is uncommon. Edema is often periorbital in the morning whereas the face is not affected overnight in edema associated with heart failure or cirrhosis.Asymptomatic urine abnormalities are much more common but less specific；they may also indicate a wide range of nonglomerular urinary tract disease.


Asymptomatic proteinuria：
 Asymptomatic proteinuria 150 mg to 3 g per day，hematuria ＞3 red blood cells per high-power field（＞10×106
 cells/L）.


Macroscopic hematuria：
 Brown/red painless hematuria；typically coincides with intercurrent infection，asymptomatic hematuria±proteinuria between attacks.


Nephrotic syndrome：
 Proteinuria adult＞3.5 g/d，child＞40 mg/h per m2
 ，hypoalbuminemia＜30 g/L edema，hypercholesterolemia，lipiduria.


Nephriticsyndrome：
 Oliguria，hematuria：redcellcasts，proteinuria：＜3 g/d，edema，hypertension abrupt onset，usually self-limiting.


Rapidly progression glomerulonephritis：
 Renal failure over days/weeks；proteinuria usually＜3 g/d；hematuria：red cell casts；blood pressure often normal and may have other feature of vasculitis.


Chronic glomerulonephritis：
 Hypertension；renal insufficiency；proteinuria＞3 g/d；shrunken smooth kidneys.


Clinical Investigation of Renal Disease


Assessing renal function and careful examination of the urine are critical in the evaluation of the patient with suspected glomerular diseases. The quantity of urine protein and the presence or absence of dysmorphic red cells and casts will help to classify the clinical presentation.


Glomerular filtration rate：
 The glomerular filtration rate may be used to evaluate changes in renal function in an individual patient. But GFR is affected by age，sex，and body size and must therefore be adjusted for body surface area for comparison with other individuals and with reference ranges. Traditionally，GFR has been expressed per 1.73 m2
 surface area，the mean surface of young adults. Surface area can be estimated from a monogram of height and weight.

Neonatal GFR adjusted for surface area is almost half the adult value. It increases to the adult level by approximately 2 year of age and thereafter is stable until the age of 40.The mean values of GFR in young adults are about 130 mL/min per 1.73 m2
 for men and about 120 mL/min per 1.73 m2
 for woman，with a coefficient of variation of 14%—18%.Age related decline of GFR of nearly 10 mL/min per 1.73 m2
 per decade is typical after the age of 40.The mean value of GFR at 80 years of age is almost half the value of a young adult.


Urine color：
 Blood in the urine may appear in colors varying from red through brown to black；it is generally darker with lower pH.When red it must be distinguished from hemoglobinuria，pigments from ingestion of beetroot，and ingested rifampin.When brown it must be distinguished from bilirubin.The urine must be checked on voiding and after standing for an hour since urine becomes darker in some circumstances owing to pigment changes on light exposure.


Turbidity：
 Urine commonly becomes turbid on standing because of precipitation of phosphates；this is of no clinical significance.Hematuria makes the urine slightly cloudy when red cell counts are not quite sufficient to produce a visible colour change. Most overt are the changes of chyluria，in which the urine is milky and laden with fat and leukocytes.


Density：
 Specific gravity（SG）is a measurement of solute load in the urine and is measured by a weighted float known as a hydrometer. It is increase markedly by both proteinuria and glycosuria. An SG value＞1.030 in the absence of proteinuria and glycosuria is most commonly caused by radiographic contrast. SG is usually ＞1.020.A fixed SG of 1.010 is characteristic of chronic renal impairment. A fixed SG of 1.000—1.005 occurs in diabetes insipidus.SG has an important influence on urine microscopy because cells lyse more rapidly in a dilute urine，which may lead to considerable inaccuracies in quantitation of cells. Cells swell and rupture in a dilute urine shrink in a concentrated urine. Casts are rarely seen at low urine osmolality.


Urine pH：
 Urine pH should be measured routinely. The normal range is 4.5—8.0 and changes from this are indicative of certain conditions. Urine is typically pH 5—6 in the initial morning specimen. The pH may rise to 7 on a vegetarian diet. A value of 8 despite metabolic acidosis is characteristic of renal tubular acidosis：A pH of 8 is also seen when there is urine infection with urea-splitting organisms. Changes in pH have particular significance with renal calculi：pH 5 is typical in the presence of uric acid stone and pH 7—8 in the presence of infection stones. Urine pH may also alter urine microscopy. Hemoglobin disappears more rapidly from erythrocytes in acid urine.


Proteinuria：
 Proteinuria is a major manifestation renal disease and a dominant risk factor for deterioration in most renal disease for which risk factors have been defined. In both diabetic renal disease，where the prognostic significance of proteinuria was recognized many years ago，and in nondiabetic renal disease，the risk of cardiovascular morbidity and mortality is also substantially increased by the presence of proteinuria.In normal subjects urine protein excretion is ＜150 mg/24h.Low grade proteinuria may be orthostatic-only present after standing. This is the most benign form of proteinuria and can be excluded by testing the early morning speciman.Proteinuria can be caused by glomerular or tubular disease or may result from overflow，for example light chains in myeloma or myoglobin in rhabdomyolysis.

Routine detection of proteinuria is by dipstick testing，which is at best semiquantitative；the dipstick detects only albumin. There are a number of methods for urine protein quantitation；none is ideal，but all are acceptable in routine use.Quantitation has usually relied on the 24-hour urine collection，which overcomes the circadian variations in protein excretion but has the disadvantage of inaccuracy caused by incomplete collections. The albumin：creatinine ratio provides an accurate quantitative measurement on a single early morning urine specimen and has the added advantage of convenience，especially in children. A ratio of ＜0.2 mg protein/mg creatinine equates to urine protein ＜0.2 g/24h.











29 Acute Renal Failures






Acute renal failure（ARF）is characterized by a rapid decline in glomerular filtration rate（GFR）over hours to days. Retention of nitrogenous waste products，oliguria（urine output ＜400 mL/d contributing to extracellular fluid overload），and electrolyte and acid-base abnormalities are frequent clinical features. ARF is usually asymptomatic and diagnosed when biochemical monitoring of hospitalized patients reveals a new increase in blood urea and serum creatinine concentrations. ARF is often considered to be reversible，although a return to baseline serum creatinine concentrations postinjury might not be sufficiently sensitive to detect clinically significant irreversible damage that may ultimately contribute to chronic kidney disease. ARF is associated with significant in-hospital morbidity and mortality，the latter in the range of 30%—60%，depending on the clinical setting and presence or absence of nonrenal organ system failure.


Etiology and Pathophysiology



Prerenal ARF：
 The most common form of ARF is prerenal ARF，which occurs in the setting of renal hypoperfusion. Prerenal ARF is generally reversible when renal perfusion pressure is restored. By definition，renal parenchymal tissue is not damaged. More severe or prolonged hypoperfusion may lead to ischemic injury，often termed acute tubular necrosis（ATN）. Thus，prerenal ARF and ischemic ATN fall along a spectrum of manifestations of renal hypoperfusion. Prerenal ARF can complicate any disease that induces hypovolemia，low cardiac output，systemic vasodilatation，or selective intrarenal vasoconstriction.


Intrinsic ARF：
 Intrinsic causes of ARF can be conceptually divided based on the predominant compartment of the kidney that is affected：（1）ischemic or nephrotoxic tubular injury，（2）tubulointerstitial diseases，（3）diseases of the renal microcirculation and glomeruli，and（4）diseases of larger renal vessels. Ischemia and nephrotoxins classically induce acute tubular injury. Although many patients with ischemic or nephrotoxic ARF do not have morphologic evidence of cellular necrosis，this disease is often referred to as acute tubular necrosis
 ，or ATN. More recently，because of the important role of sublethal injury to tubular epithelial and other renal cells（e.g.，endothelial cells）in the pathogenesis of this syndrome，the term acute kidney injury
 （AKI）has been proposed.


Ischemic ATN：
 Ischemic ATN differs from prerenal ARF in that the renal tubular epithelial cells are injured in the latter. ATN occurs most frequently in patients undergoing major cardiovascular surgery or suffering severe trauma，hemorrhage，sepsis，and/or volume depletion. Patients with other risk factors for ARF（e.g.，exposure to nephrotoxins or preexisting chronic kidney disease）are at increased risk for ATN. Recovery typically takes 1—2 weeks after normalization of renal perfusion，as it requires repair and regeneration of renal cells.


Nephrotoxic ARF：
 Nephrotoxic ATN may complicate exposure to many structurally diverse pharmacologic agents. With most nephrotoxins，the incidence of ARF is increased in the elderly and in patients with preexisting chronic kidney disease，true or “effective” hypovolemia，or concomitant exposure to other toxins.

Radiocontrast agents，cyclosporine，and tacrolimus（FK506）cause kidney injury through intrarenal vasoconstriction. Antibiotics and anticancer drugs typically cause ATN through direct toxicity to the tubular epithelial cells and/or intratubular obstruction. ARF complicates 10%—30% of courses of aminoglycoside antibiotics. Endogenous nephrotoxins include calcium，myoglobin，hemoglobin，urate，oxalate，and myeloma light chains.


Pathology of ischemic and nephrotoxic ATN：
 The classic pathologic features of ischemic ATN are patchy and focal necrosis of the tubular epithelium，with detachment of cells from the basement membrane，and occlusion of tubule lumens with casts composed of intact or degenerating epithelial cells，and pigments. Leukocyte accumulation is frequently observed in vasa recta；however，the morphology of the glomeruli and renal vasculature is characteristically normal.


Other causes of intrinsic ARF：
 Virtually any pharmacologic agent may trigger allergic interstitial nephritis，which is characterized by infiltration of the tubulointerstitium by granulocytes（typically but not invariably eosinophils），macrophages，and/or lymphocytes and by interstitial edema. The most common offenders are antibiotics（e.g.，penicillin，cephalosporins，quinolones，sulfonamides，and rifampin）and NSAIDs.


Postrenal ARF：
 Urinary tract obstruction accounts for fewer than 5% of cases of hospital-acquired ARF. Because one kidney has sufficient reserve to handle generated nitrogenous waste products，ARF from obstruction requires obstruction to urine flow between the external urethral meatus and bladder neck，bilateral ureteric obstruction，or unilateral ureteric obstruction in a patient with one functioning kidney or with significant preexisting chronic kidney disease. Bladder neck obstruction is the most common cause of postrenal ARF and is usually due to prostatic disease，neurogenic bladder，or therapy with anticholinergic drugs. Less common causes of acute lower urinary tract obstruction include blood clots，calculi，and urethritis with spasm. Ureteric obstruction may result from intraluminal obstruction，infiltration of the ureteric wall（e.g.，neoplasia），or external compression.


Clinical Assessment


Symptoms of prerenal ARF include thirst and orthostatic dizziness. Physical signs of orthostatic hypotension，tachycardia，reduced jugular venous pressure，decreased skin torpor and dry mucous membranes suggest prerenal ARF. Careful clinical examination may reveal stigmata of chronic liver disease and portal hypertension，advanced cardiac failure，sepsis，or other causes of reduced “effective” arterial blood volume. Case records should be reviewed for documentation of a progressive fall in urine output and body weight and recent initiation of treatment with diuretics，NSAIDs，ACE inhibitors，or ARBs.

Hypovolemia，septic shock，and major surgery are important risk factors for ischemic ATN. The risk of ischemic ATN is increased further if ARF persists despite normalization of systemic hemodynamics. Diagnosis of nephrotoxic ATN requires careful review of the clinical data and records for evidence of recent exposure to nephrotoxic medications，radiocontrast agents，or endogenous toxins.

Although ischemic and nephrotoxic ATN account for ＞90% of cases of intrinsic ARF，other renal parenchymal diseases must be considered.Postrenal
 ARF may present with suprapubic and flank pain due to distention of the bladder and of the renal collecting system and capsule，respectively. Colicky flank pain radiating to the groin suggests acute ureteric obstruction. Prostatic disease is likely if there is a history of nocturia，frequency，and hesitancy and enlargement of the prostate on rectal examination. Neurogenic bladder should be suspected in patients receiving anticholinergic medications or with physical evidence of autonomic dysfunction. Definitive diagnosis of postrenal ARF hinges on judicious use of radiologic investigations and rapid improvement in renal function following relief of obstruction.


Urinalysis


Anuria suggests complete urinary tract obstruction but may complicate severe cases of prerenal or intrinsic renal ARF. Wide fluctuations in urine output raise the possibility of intermittent obstruction，whereas patients with partial urinary tract obstruction may present with polyuria due to impairment of urine concentrating mechanisms.

In prerenal ARF，the sediment is characteristically acellular and contains transparent hyaline casts. Hyaline casts are formed in concentrated urine from normal constituents of urine—principally Tamm-Horsfall protein. Postrenal ARF may also present with an inactive sediment，although hematuria and pyuria are common in patients with intraluminal obstruction or prostatic disease. Pigmented “muddy brown” granular casts and casts containing tubule epithelial cells are characteristic of ATN and suggest an ischemic or nephrotoxic etiology. In general，red blood cell casts indicate glomerular injury or，less often，acute tubulointerstitial nephritis. White cell casts and nonpigmented granular casts suggest interstitial nephritis，whereas broad granular casts are characteristic of chronic kidney disease and probably reflect interstitial fibrosis and dilatation of tubules. Eosinophiluria（＞5% of urine leukocytes）is a common finding（～90%）in antibiotic-induced allergic interstitial nephritis and can be detected with Hansel’s stain；however，lymphocytes may predominate in allergic interstitial nephritis induced by NSAIDs and some other drugs. Occasional uric acid crystals are common in the concentrated urine of prerenal ARF but suggest acute urate nephropathy if seen in abundance. Oxalate（envelope-shaped）and hippurate（needle-shaped）crystals raise the possibility of ethylene glycol ingestion and toxicity.

Proteinuria of ＞1 g/d suggests injury to the glomerular ultrafiltration barrier（“glomerular proteinuria”）or excretion of myeloma light chains. The latter may not be detected by conventional dipstick analysis，and other tests may be needed（e.g.，sulfosalicylic acid precipitation，immunoelectrophoresis）. Hemoglobinuria or myoglobinuria should be suspected if urine is strongly positive for heme by dipstick but contains few red cells.


Renal Failure Indices


Analysis of urine and blood biochemistry may be useful for distinguishing prerenal ARF from ischemic or nephrotoxic intrinsic renal ARF. The fractional excretion of sodium（FENa
 ）is most useful in this regard. The FENa
 relates sodium clearance to creatinine clearance. The FENa
 tends to be high in ischemic ATN but is often low in patients with sepsis-induced，pigment-induced，and some forms of nephrotoxic ATN. In contrast，creatinine is not reabsorbed in either setting. Consequently，patients with prerenal ARF typically have a FENa
 of ＜1.0%（frequently ＜0.1%）. In patients with metabolic alkalosis，where there may be obligate losses of sodium in the urine to maintain electroneutrality，the fractional excretion of chloride（FECl
 ）may be more sensitive than the FENa
 in detecting prerenal azotemia. The urine sodium concentration
 is a less-sensitive index for distinguishing prerenal ARF from ischemic and nephrotoxic ARF as values overlap between groups.

Many caveats apply when interpreting biochemical renal failure indices. The FENa
 may be ＞1.0% in prerenal ARF if patients are receiving diuretics or with preexisting chronic kidney disease，certain salt-wasting syndromes，or adrenal insufficiency.


Laboratory Findings


Serial serum creatinine measurements can provide useful insights to the cause of ARF. Prerenal ARF is typified by fluctuating serum creatinine levels that parallel changes in hemodynamic status. Creatinine rises rapidly（within 24—48 h）in patients with ARF following renal ischemia，atheroembolization，and radiocontrast exposure. Peak serum creatinine concentrations are observed after 3—5 days with contrast nephropathy and return to baseline after 5—7 days. In contrast，serum creatinine concentrations typically peak later（7—10 days）in ATN and atheroembolic disease. The initial rise in serum creatinine is characteristically delayed until the second week of therapy with many tubular epithelial cell toxins（e.g.，aminoglycosides，cisplatin）and is thought to reflect the need for accumulation of these agents within tubular epithelial cells to cause injury.


Radiologic Findings


Imaging of the urinary tract by ultrasonography is useful to exclude postrenal ARF. CT and MRI are alternative imaging modalities. Whereas pelvicalyceal dilatation is usual with urinary tract obstruction（98% sensitivity），dilatation may be absent immediately following obstruction or in patients with ureteric encasement（e.g.，retroperitoneal fibrosis，neoplasia）. A plain film of the abdomen or unenhanced helical CT scan is a valuable initial screening technique in patients with suspected nephrolithiasis. Magnetic resonance angiography（MRA）is often used to assess patency of renal arteries and veins in patients with suspected vascular obstruction. Alternative methods include Doppler ultrasound（which is much more operator-dependent than MRA）and CT-based angiography. Catheter-based angiography may be required for definitive diagnosis and treatment.


Renal Biopsy


Biopsy is reserved for patients in whom prerenal and postrenal ARF have been excluded and the cause of intrinsic ARF is unclear. Renal biopsy is particularly useful when clinical assessment and laboratory investigations suggest diagnoses other than ischemic or nephrotoxic injury that may respond to disease-specific therapy. Examples include glomerulonephritis，vasculitis，and allergic interstitial nephritis.


Complications


ARF impairs renal excretion of sodium，potassium，and water and perturbs divalent cation homeostasis and urinary acidification mechanisms. As a result，ARF is frequently complicated by intravascular volume overload，hyponatremia，hyperkalemia，hyperphosphatemia，hypocalcemia，hypermagnesemia，and metabolic acidosis. In addition，patients are unable to excrete nitrogenous waste products and are prone to develop the uremic syndrome. The speed of development and the severity of these complications reflect the degree of renal impairment and catabolic state of the patient. Common complications include expansion of extracellular fluid volume，hyperkalemia，metabolic acidosis and hyperphosphatemia.Protracted periods of severe ARF are invariably associated with the development of the uremic syndrome.

A vigorous diuresis can occur during the recovery phase of ARF，which may be inappropriate on occasion and lead to intravascular volume depletion. Hypernatremia can also complicate recovery if water losses via hypotonic urine are not replaced or if losses are inappropriately replaced by relatively hypertonic saline solutions. Hypokalemia，hypomagnesemia，hypophosphatemia，and hypocalcemia are less common metabolic complications during this period but may develop in response to injury associated with selected drugs.


Diagnosis and Differential Diagnosis


The first step in evaluating a patient with renal failure is to determine if the disease is acute or chronic. If review of laboratory records demonstrates that the rise in blood urea nitrogen and creatinine is recent，this suggests that the process is acute. However，previous measurements are not always available. Findings that suggest chronic kidney disease include anemia，evidence of renal osteodystrophy（radiologic or laboratory），and small scarred kidneys. However，anemia may also complicate ARF，and renal size may be normal or increased in several chronic renal diseases（e.g.，diabetic nephropathy，amyloidosis，polycystic kidney disease，and HIV associated nephropathy）. Once a diagnosis of ARF has been established，the etiology of ARF needs to be determined. If the etiology is felt to be an exogenous nephrotoxin（often a medication），the nephrotoxin should be eliminated or discontinued. Lastly，the prevention and management of complications should be instituted.


Treatment



Prevention：
 Because there are no specific therapies for ischemic or nephrotoxic ARF，prevention is of paramount importance. Many cases of ischemic ARF can be avoided by close attention to cardiovascular function and intravascular volume in high-risk patients，such as the elderly and those with preexisting chronic kidney disease. The incidence of nephrotoxic ARF can be reduced by tailoring the administration（dose and frequency）of nephrotoxic drugs to body size and GFR.A number of preventive measures have been proposed for contrast nephropathy. It is clear that hydration is an effective preventive measure. Other measures that have been proposed include loop diuretics and mannitol，dopamine，fenoldopam，N
 -acetylcysteine，theophylline，and sodium bicarbonate.


Specific therapies：
 By definition，prerenal ARF is rapidly reversible upon correction of the primary hemodynamic abnormality，and postrenal ARF resolves upon relief of obstruction. To date there are no specific therapies for established AKI. Management of these disorders should focus on elimination of the causative hemodynamic abnormality or toxin，avoidance of additional insults，and prevention and treatment of complications. Specific treatment of other causes of intrinsic renal ARF depends on the underlying pathology.


Prerenal ARF：
 The composition of replacement fluids for treatment of prerenal ARF due to hypovolemia should be tailored according to the composition of the lost fluid. Severe hypovolemia due to hemorrhage should be corrected with packed red cells，whereas isotonic saline is usually appropriate replacement for mild to moderate hemorrhage or plasma loss（e.g.，burns，pancreatitis）. Urinary and gastrointestinal fluids can vary greatly in composition but are usually hypotonic. Hypotonic solutions（e.g.，0.45% saline）are usually recommended as initial replacement in patients with prerenal ARF due to increased urinary or gastrointestinal fluid losses，although isotonic saline may be more appropriate in severe cases. Subsequent therapy should be based on measurements of the volume and ionic content of excreted or drained fluids. Serum potassium and acid-base status should be monitored carefully，and potassium and bicarbonate supplemented as appropriate. Cardiac failure may require aggressive management with inotropic agents，preload and afterload reducing agents，antiarrhythmic drugs，and mechanical aids such as intraaortic balloon pumps.


Intrinsic ARF：
 Many different approaches to attenuate injury or hasten recovery have been tested in ischemic and nephrotoxic AKI. These include atrial natriuretic peptide，low-dose dopamine，endothelin antagonists，loop-blocking diuretics，calcium channel blockers，adrenoreceptor blockers，prostaglandin analogues，antioxidants，antibodies against leukocyte adhesion molecules，and insulin-like growth factor type Ⅰ. Whereas many of these are beneficial in experimental models of ischemic or nephrotoxic ATN，they have either failed to confer consistent benefit or proved ineffective in humans.

ARF due to other intrinsic renal diseases such as acute glomerulonephritis or vasculitis may respond to immunosuppressive agents（glucocorticoids，alkylating agents，and/or plasmapheresis，depending on the primary pathology）. Glucocorticoids also may hasten remission in allergic interstitial nephritis，although data are limited to small-case series. Aggressive control of systemic arterial pressure is of paramount importance in limiting renal injury in malignant hypertensive nephrosclerosis. Hypertension and ARF due to scleroderma may be exquisitely sensitive to treatment with ACE inhibitors.


Postrenal ARF：
 Management of postrenal ARF requires close collaboration between nephrologist，urologist，and radiologist. Obstruction of the urethra or bladder neck is usually managed initially by transurethral or suprapubic placement of a bladder catheter，which provides temporary relief while the obstructing lesion is identified and treated definitively. Similarly，ureteric obstruction may be treated initially by percutaneous catheterization of the dilated renal pelvis or ureter. Indeed，obstructing lesions can often be removed percutaneouslyor bypassed by insertion of a ureteric stent. Most patients experience an appropriate diuresis for several days following relief of obstruction. Approximately 5% of patients develop a transient salt-wasting syndrome that may require administration of intravenous saline to maintain blood pressure.


Supportive measures：
 Following correction of hypovolemia，salt and water intake are tailored to match losses. Hypervolemia can usually be managed by restriction of salt and water intake and diuretics. Ultrafiltration or dialysis is used to treat severe hypervolemia when conservative measures fail. Hyponatremia and hypoosmolality can usually be controlled by restriction of free water intake. Conversely，hypernatremia is treated by administration of water or intravenous hypotonic saline or isotonic dextrose-containing solutions.

Metabolic acidosis is not usually treated unless serum bicarbonate concentration falls below 15 mmol/L or arterial pH falls below 7.2. More severe acidosis is corrected by oral or intravenous sodium bicarbonate. Patients should be monitored for complications of sodium bicarbonate administration such as hypervolemia，metabolic alkalosis，hypocalcemia，and hypokalemia. Hyperphosphatemia is usually controlled by restriction of dietary phosphate and by oral phosphate binders to reduce gastrointestinal absorption of phosphate. Hypocalcemia does not usually require treatment unless severe，as may occur with rhabdomyolysis or pancreatitis or following administration of bicarbonate. The objective of nutritional management
 during the maintenance phase of ARF is to provide sufficient calories and protein to minimize catabolism. Nutritional requirements will vary based on the underlying disease process；for example，those with sepsis-associated AKI are likely to be hypercatabolic. The presence of oliguria complicates nutritional management，and if the patient is not on dialysis，minimizing production of nitrogenous waste is a consideration. Often，the institution of dialysis facilitates the provision of adequate nutritional support. Anemia may necessitate blood transfusion if severe. Recombinant human erythropoietin is rarely used in ARF because bone marrow resistance to erythropoietin is common，and more immediate treatment of anemia（if any）is required. Uremic bleeding may respond to administration of desmopressin or estrogens. Often dialysis is instituted to control bleeding that appears to be related to uremia. Gastrointestinal prophylaxis with histamine receptor（H2
 ）antagonists or proton pump inhibitors should be prescribed，especially in the setting of critical illness.


Indications and modalities of dialysis：
 During ARF，dialysis is often used to support renal function until renal repair/recovery occurs. Absolute indications for dialysis include symptoms or signs of the uremic syndrome and management of refractory hypervolemia，hyperkalemia，or acidosis. Although direct clinical comparisons are limited，hemodialysis appears to be somewhat more effective than peritoneal dialysis for management of ARF. Peritoneal dialysis may be useful when hemodialysis is unavailable or if it is impossible to obtain vascular access. However，peritoneal dialysis is associated with increased protein losses and is contraindicated in those patients who have undergone recent abdominal surgery or those with ongoing infection.

Continuous arteriovenous modalities ［continuous arteriovenous hemofiltration，hemodialysis，and hemodiafiltration（CAVH，CAVHD，and CAVHDF，respectively）］ require both arterial and venous access. In continuous venovenous hemodialysis（CVVHD），a blood pump generates ultrafiltration pressure across the dialysis membrane. In continuous venovenous hemofiltration（CVVH），the hemodialysis（diffusive clearance）component is eliminated，and an ultrafiltrate of plasma is removed across the dialysis membrane and replaced by a physiologic crystalloid solution（convective clearance）. In continuous venovenous hemodiafiltration（CVVHDF），these two methods of clearance are combined. The bulk of evidence to date suggests that intermittent and continuous dialytic therapies are equally effective for the treatment of ARF.


Long-Term Prognosis


The in-hospital mortality rate among patients with ARF ranges from 20% to 50% or more，depending on underlying conditions，and has declined only marginally over the past 15 years. Most patients who survive an episode of ARF recover sufficient renal function to remain dialysis-independent，although a fraction（roughly 10%—20%）goes on to require maintenance dialysis. Common etiologies for acute renal failure will vary，depending on the availability of health care in a given country. In general，the most common cause of community-acquired ARF is prerenal azotemia. However，in countries with less well-developed health care systems，infective etiologies for ARF predominate. In developed countries，postoperative and ischemic/nephrotoxic causes of ARF are more common.











30 Chronic Kidney Disease






Chronic kidney disease（CKD）encompasses a spectrum of different pathophysiologic processes associated with abnormal kidney function，and a progressive decline in glomerular filtration rate（GFR）.


Classification


Table 30-1 provides a widely accepted classification，based on recent guidelines of the National Kidney Foundation in which stages of CKD are defined according to the estimated GFR.

Table 30-1 Classification of Chronic Kidney Disease（CKD）




	Stage
	GFR，ml／min per1．73 m2




	0
	＞90 a




	1
	90 b




	2
	60—89



	3
	30—59



	4
	15—29



	5
	＜15






“With risk factors for CKD.”With demonstrated kidney damage（e.g.，persistent proteinuria，abnormal urine sediment，abnormal blood and urine chemistry，abnormal imaging studies）.

The term chronic renal failure
 （CRF）applies to the process of continuing significant irreversible reduction in nephron number，and typically corresponds to CKD stages 3—5. The dispiriting term end-stage renal disease
 （ESRD）represents a stage of CKD where the accumulation of toxins，fluid，and electrolytes normally excreted by the kidneys results in the uremic syndrome
 . This syndrome leads to death unless the toxins are removed by renal replacement therapy，using dialysis or kidney transplantation. ESRD
 will be supplanted by the term stage
 5 CKD.


Etiology and Epidemiology


It has been estimated from population survey data that at least 6% of the adult population in the United States has chronic kidney disease at stages 1 and 2. An unknown subset of this group will progress to more advanced stages of CKD. An additional 4.5% of the U.S. population is estimated to have stages 3 and 4 CKD. The most frequent cause of CKD is diabetic nephropathy，most often secondary to type 2 diabetes mellitus. Hypertensive nephropathy is a common cause of CKD in the elderly，in whom chronic renal ischemia as a result of small and large vessel renovascular disease may be underrecognized.


Pathophysiology


The pathophysiology of CKD involves two broad sets of mechanisms of damage：（1）initiating mechanisms specific to the underlying etiology；and（2）a set of progressive mechanisms that are a common consequence following long-term reduction of renal mass，irrespective of underlying etiology. The responses to reduction in nephron number are mediated by vasoactive hormones，cytokines，and growth factors. Eventually，these short-term adaptations of hypertrophy and hyperfiltration become maladaptive as the increased pressure and flow predisposes to sclerosis and dropout of the remaining nephrons.


The stages of CKD and identification of at-risk populations：
 It is important to identify factors that increase the risk for CKD，even in individuals with normal GFR. Risk factors include hypertension，diabetes mellitus，autoimmune disease，older age，a family history of renal disease，a previous episode of acute renal failure，and the presence of proteinuria，abnormal urinary sediment，or structural abnormalities of the urinary tract. The normal annual mean decline in GFR with age from the peak GFR（～120 mL/min per 1.73 m2
 ）attained during the third decade of life is ～1 mL/min per year per 1.73 m2
 ，reaching a mean value of 70 mL/min per 1.73 m2
 at age 70. The mean GFR is lower in women than in men.


Pathophysiology and Biochemistry of Uremia


Hundreds of toxins that accumulate in renal failure have been implicated in the uremic syndrome. These include water-soluble，hydrophobic，protein-bound，charged，and uncharged compounds. It is thus evident that the plasma concentrations of urea and creatinine should be viewed as being readily measured，but incomplete，surrogate markers for these compounds，and monitoring the levels of urea and creatinine in the patient with impaired kidney function represents a vast oversimplification of the uremic state.

The uremic syndrome and the disease state associated with advanced renal impairment involve more than renal excretory failure. A host of metabolic and endocrine functions normally undertaken by the kidneys are also impaired，and this results in anemia，malnutrition，and abnormal metabolism of carbohydrates，fats，and proteins. Furthermore，plasma levels of many hormones，including PTH，insulin，glucagon，sex hormones，and prolactin，change with renal failure as a result of urinary retention，decreased degradation，or abnormal regulation. Finally，progressive renal impairment is associated with worsening systemic inflammation.

In summary，the pathophysiology of the uremic syndrome can be divided into manifestations in three spheres of dysfunction：（1）those consequent to the accumulation of toxins normally undergoing renal excretion，including products of protein metabolism；（2）those consequent to the loss of other renal functions，such as fluid and electrolyte homeostasis and hormone regulation；and（3）progressive systemic inflammation and its vascular and nutritional consequences.


Clinical and Laboratory Manifestations of Chronic Kidney Disease


Uremia leads to disturbances in the function of virtually every organ system. Chronic dialysis can reduce the incidence and severity of many of these disturbances，so that the overt and florid manifestations of uremia have largely disappeared in the modern health setting. However，even optimal dialysis therapy is not completely effective as renal replacement therapy，because some disturbances resulting from impaired renal function fail to respond to dialysis.


Fluid，electrolyte and acid-base disorders


1. Sodium and Water Homeostasis：In most patients with stable CKD，the total-body content of sodium and water is modestly increased，although this may not be apparent on clinical examination. Many forms of renal disease（e.g.，glomerulonephritis）disrupt glomerulotubular balance such that dietary intake of sodium exceeds its urinary excretion，leading to sodium retention and attendant extracellular fluid volume（ECFV）expansion. In addition to problems with salt and water excretion，some patients with CKD may also have impaired renal conservation of sodium and water. When an extrarenal cause for fluid loss，such as gastrointestinal（GI）loss，is present，these patients may be prone to ECFV depletion because of the inability of the failing kidney to reclaim filtered sodium adequately.

2. Potassium homeostasis：In CKD，the decline in GFR is not necessarily accompanied by a parallel decline in urinary potassium excretion，which is predominantly mediated by aldosterone-dependent secretory events in the distal nephron segments. Another defense against potassium retention in these patients is augmented potassium excretion in the GI tract. Notwithstanding these two homeostatic responses，hyperkalemia may be precipitated in certain settings. These include increased dietary potassium intake，protein catabolism，hemolysis，hemorrhage，transfusion of stored red blood cells，and metabolic acidosis. In addition，a host of medications can inhibit potassium entry into cells and renal potassium excretion. The most important medications in this respect include the angiotensin-converting enzyme（ACE）inhibitors，angiotensin receptor blockers（ARBs），and spironolactone and other potassium-sparing diuretics such as amiloride，eplerenone，and triamterene. Hypokalemia is not common in CKD and usually reflects markedly reduced dietary potassium intake，especially in association with excessive diuretic therapy or concurrent GI losses. Therefore，the use of potassium supplements and potassium-sparing diuretics should be constantly reevaluated as GFR declines.

3. Metabolic acidosis：Metabolic acidosis is a common disturbance in advanced CKD. The majority of patients can still acidify the urine，but they produce less ammonia and，therefore，cannot excrete the normal quantity of protons in combination with this urinary buffer. Hyperkalemia，if present，further depresses ammonia production. Treatment of hyperkalemia may increase renal ammonia production，improve renal generation of bicarbonate，and improve the metabolic acidosis.

4. Management of fluid，electrolyte，and acid-base disorders：Adjustments in the dietary intake of salt and use of loop diuretics，occasionally in combination with metolazone，may be needed to maintain euvolemia. In contrast，overzealous salt restriction or diuretic use can lead to ECFV depletion and precipitate a further decline in GFR. Water restriction is indicated only if there is a problem with hyponatremia. Hyperkalemia often responds to dietary restriction of potassium，avoidance of potassium supplements（including occult sources，such as dietary salt substitutes）or potassium-retaining medications（especially ACE inhibitors or ARBs），or the use of kaliuretic diuretics. Potassium-binding resins，such as calcium resonium or sodium polystyrene，can promote potassium loss through the GI tract and may reduce the incidence of hyperkalemia in CKD patients.

5. Disorders of calcium and phosphate metabolism：The principal complications of abnormalities of calcium and phosphate metabolism in CKD occur in the skeleton and the vascular bed，with occasional severe involvement of extraosseous soft tissues. It is likely that disorders of bone turnover and disorders of vascular and soft tissue calcification are related to each other. Hyperphosphatemia and hypercalcemia are associated with increased vascular calcification，but it is unclear whether the excessive mortality is mediated by this mechanism. The magnitude of the calcification is proportional to age and hyperphosphatemia and is also associated with low PTH levels and low bone turnover. Finally，there is recent evidence indicating that hyperphosphatemia can induce a change in gene expression in vascular cells to an osteoblast-like profile.

The optimal management of secondary hyperparathyroidism and osteitis fibrosa is prevention. Examples of phosphate binders are calcium acetate and calcium carbonate. However，calcitriol therapy may result in hypercalcemia and/or hyperphosphatemia through increased GI absorption of these minerals.


Bone manifestations of CKD：
 The major disorders of bone disease can be classified into those associated with high bone turnover with increased PTH levels（including osteitis fibrosa cystica，the classic lesion of secondary hyperparathyroidism）and low bone turnover with low or normal PTH levels（adynamic bone disease and osteomalacia）.

The pathophysiology of secondary hyperparathyroidism and the consequent high-turnover bone disease is related to abnormal mineral metabolism through the following events：（1）declining GFR leads to reduced excretion of phosphate，and，thus phosphate retention；（2）the retained phosphate stimulates increased synthesis of PTH and growth of parathyroid gland mass；and（3）decreased levels of ionized calcium，resulting from diminished calcitriol production by the failing kidney as well as phosphate retention，also stimulate PTH production. Low calcitriol levels contribute to hyperparathyroidism. In addition to increased production of PTH from the parathyroid cells，the mass of the parathyroid glands increases progressively with CKD.


Cardiovascular abnormalities：
 Cardiovascular disease is the leading cause of morbidity and mortality in patients at every stage of CKD. The incremental risk of cardiovascular disease in those with CKD compared to the age-and sex-matched general population ranges from 10- to 200-fold，depending on the stage of CKD. Between 30 and 45% of patients reaching stage 5 CKD already have advanced cardiovascular complications.


Ischemic vascular disease：
 The presence of any stage of CKD is a major risk factor for ischemic cardiovascular disease，including occlusive coronary，cerebrovascular，and peripheral vascular disease. The increased prevalence of vascular disease in CKD patients derives from both traditional（“classic”）and nontraditional（CKD-related）risk factors. Traditional risk factors include hypertension，hypervolemia，dyslipidemia，sympathetic overactivity，and hyperhomocysteinemia. The CKD-related risk factors comprise anemia，hyperphosphatemia，hyperparathyroidism，sleep apnea，and generalized inflammation. In addition，hemodialysis，with its attendant episodes of hypotension and hypovolemia，may further aggravate coronary ischemia.


Heart failure：
 Abnormal cardiac function secondary to myocardial ischemia，left ventricular hypertrophy，and frank cardiomyopathy，in combination with the salt and water retention that can be seen with CKD，often results in heart failure or even episodes of pulmonary edema. Heart failure can be a consequence of diastolic or systolic dysfunction，or both.


Hypertension and left ventricular hypertrophy：
 Hypertension is one of the most common complications of CKD. It usually develops early during the course of CKD and is associated with adverse outcomes，including the development of ventricular hypertrophy and a more rapid loss of renal function. Left ventricular hypertrophy and dilated cardiomyopathy are among the strongest risk factors for cardiovascular morbidity and mortality in patients with CKD and are thought to be related primarily，but not exclusively，to prolonged hypertension and ECFV overload.


Pericardial disease：
 Pericardial pain with respiratory accentuation，accompanied by a friction rub，is diagnostic of uremic pericarditis. Classic electrocardiographic abnormalities include PR-interval depression and diffuse ST-segment elevation. Pericarditis can be accompanied by pericardial effusion that is seen on echocardiography and can rarely lead to tamponade. Pericarditis is observed in advanced uremia，and with the advent of timely initiation of dialysis，is not as common as it once was.


Hematologic abnormalities


1. Anemia：A normocytic，normochromic anemia is observed as early as stage 3 CKD and is almost universal by stage 4. The primary cause in patients with CKD is insufficient production of erythropoietin（EPO）by the diseased kidneys. Additional factors include iron deficiency，acute and chronic inflammation with impaired iron utilization（“anemia of chronic disease”），severe hyperparathyroidism with consequent bone marrow fibrosis，and shortened red cell survival in the uremic environment. Less common causes include folate and vitamin B12
 deficiency and aluminum toxicity.

The availability of recombinant human EPO and modified EPO products，such as darbopoetin-alpha，has been one of the most significant advances in the care of renal patients since the introduction of dialysis and renal transplantation. Adequate bone marrow iron stores should be available before treatment with EPO is initiated. For the CKD patient not yet on dialysis or the patient treated with peritoneal dialysis，oral iron supplementation should be attempted. If there is GI intolerance，the patient may have to undergo IV iron infusion，often during the dialysis session.

2. Abnormal hemostasis：Patients with later stages of CKD may have a prolonged bleeding time，decreased activity of platelet factor III，abnormal platelet aggregation and adhesiveness，and impaired prothrombin consumption. Clinical manifestations include an increased tendency to bleeding and bruising，prolonged bleeding from surgical incisions，menorrhagia，and spontaneous GI bleeding. Given the coexistence of bleeding disorders and a propensity to thrombosis that is unique in the CKD patient，decisions about anticoagulation that have a favorable risk-benefit profile in the general population may not be applicable to the patient with advanced CKD.


Neuromuscular abnormalities：
 Central nervous system（CNS），peripheral，and autonomic neuropathy as well as abnormalities in muscle structure and function are all well-recognized complications of CKD. Retained nitrogenous metabolites and middle molecules，including PTH，contribute to the pathophysiology of neuromuscular abnormalities. Subtle clinical manifestations of uremic neuromuscular disease usually become evident at stage 3 CKD.


Gastrointestinal and nutritional abnormalities：
 Uremic fetor
 ，a urine-like odor on the breath，derives from the breakdown of urea to ammonia in saliva and is often associated with an unpleasant metallic taste（dysgeusia）. Gastritis，peptic disease，and mucosal ulcerations at any level of the GI tract occur in uremic patients and can lead to abdominal pain，nausea，vomiting，and GI bleeding. These patients are also prone to constipation，which can be worsened by the administration of calcium and iron supplements. The retention of uremic toxins also leads to anorexia，nausea，and vomiting.

Protein restriction may be useful to decrease nausea and vomiting；however，it may put the patient at risk for malnutrition and should be carried out，if possible，in consultation with a registered dietitian. Protein-energy malnutrition，a consequence of low protein and caloric intake，is common in advanced CKD and is often an indication for initiation of renal replacement therapy. In addition to diminished intake，these patients are resistant to the anabolic actions of insulin and other hormones and growth factors. Metabolic acidosis and the activation of inflammatory cytokines can promote protein catabolism. Assessment for protein-energy malnutrition should begin at stage 3 CKD.


Endocrine-metabolic disturbances：
 Glucose metabolism is impaired in CKD，as evidenced by a slowing of the rate at which blood glucose levels decline after a glucose load. However，fasting blood glucose is usually normal or only slightly elevated，and the mild glucose intolerance does not require specific therapy. Because the kidney contributes to insulin removal from the circulation，plasma levels of insulin are slightly to moderately elevated in most uremic patients，both in the fasting and postprandial states.

In women with CKD，estrogen levels are low，and menstrual abnormalities and inability to carry pregnancies to term are common. Men with CKD have reduced plasma testosterone levels，and sexual dysfunction and oligospermia may supervene.


Dermatologic abnormalities：
 Abnormalities of the skin are prevalent in progressive CKD. Anemic patients may be pale，and those with defective hemostasis may show multiple ecchymoses. Pruritus is quite common. In advanced CKD，even on dialysis，patients may become more pigmented，and this is felt to reflect the deposition of retained pigmented metabolites，or urochromes
 .


Evaluation of Patients with CKD



Symptoms and physical examination：
 Symptoms and overt signs of kidney disease are often absent until renal failure supervenes. Thus，the diagnosis of kidney disease often surprises patients and may be a cause of skepticism and denial. Particular aspects of the history that are germane to renal disease include a history of hypertension（which can cause CKD or be a reflection of CKD），diabetes mellitus，abnormal urinalyses，and problems with pregnancy such as preeclampsia or early pregnancy loss. A careful drug history should be elicited：patients may not volunteer use of analgesics，for example.

The physical examination should focus on blood pressure and target organ damage from hypertension. Thus，funduscopy and precordial examination（left ventricular heave，a fourth heart sound）should be carried out. Funduscopy is important in the diabetic patient，seeking evidence of diabetic retinopathy，which is associated with nephropathy.


Laboratory investigation：
 Laboratory studies should focus on a search for clues to an underlying causative or aggravating disease process and on the degree of renal damage and its consequences. If appropriate，tests for systemic lupus erythematosus and vasculitis should be performed. Serum and urine protein electrophoresis should be obtained in all patients ＞35 years with unexplained CKD，especially if there is associated anemia and elevated，or even inappropriately normal，serum calcium concentration in the face of renal insufficiency. In the presence of glomerulonephritis，underlying infectious etiologies such as hepatitis B and C and HIV should be assessed. Serial measurements of renal function should be obtained to determine the pace of renal deterioration and ensure that the disease is truly chronic rather than subacute and hence potentially reversible.


Imaging studies：
 The most useful imaging study is a renal ultrasound，which can verify the presence of two kidneys，determine if they are symmetric，provide an estimate of kidney size，and rule out renal masses and evidence of obstruction. The finding of bilaterally small kidneys supports the diagnosis of CKD of long-standing duration，with an irreversible component of scarring. If the kidney size is normal，it is possible that the renal disease is acute or subacute. The exceptions are diabetic nephropathy，amyloidosis，and HIV nephropathy，where kidney size may be normal in the face of CKD. Polycystic kidney disease that has reached some degree of renal failure will almost always present with enlarged kidneys with multiple cysts. The diagnosis of renovascular disease can be undertaken with different techniques，including Doppler sonography，nuclear medicine studies，or CT or MRI studies. Intravenous or intraarterial dye should be avoided where possible in the CKD patient，especially with diabetic nephropathy，because of the risk of radiographic contrast dye-induced renal failure.


Renal biopsy：
 In the patient with bilaterally small kidneys，renal biopsy is not advised. Other contraindications to renal biopsy include uncontrolled hypertension，active urinary tract infection，bleeding diathesis，and morbid obesity. Ultrasound-guided percutaneous biopsy is the favored approach，but a surgical or laparoscopic approach can be considered，especially in the patient with a single kidney where direct visualization and control of bleeding are crucial.


Diagnosis


The most important initial diagnostic step in the evaluation of a patient presenting with elevated serum creatinine is to distinguish newly diagnosed CKD from acute or subacute renal failure because the latter two conditions may respond to therapy specific to the disease. Previous measurements of plasma creatinine concentration are particularly helpful in this regard. Normal values from recent months or even years suggest that the current extent of renal dysfunction could be more acute，and hence reversible，than might otherwise be appreciated. In contrast，elevated plasma creatinine concentration in the past suggests that the renal disease represents the progression of a chronic process. Even if there is evidence of chronicity，there is the possibility of a superimposed acute process，such as ECFV depletion，supervening on the chronic condition. If the history suggests multiple systemic manifestations of recent onset it should be assumed that renal insufficiency is part of the acute process.

Some of the laboratory tests and imaging studies outlined above can be helpful. Evidence of metabolic bone disease with hyperphosphatemia，hypocalcemia，and elevated PTH and bone alkaline phosphatase levels suggests chronicity. Normochromic，normocytic anemia suggests that the process has been ongoing for some time. The finding of bilaterally reduced kidney size favors CKD.

In the absence of a clinical diagnosis，renal biopsy may be the only recourse to establish an etiology in early-stage CKD. However，as noted above，once the CKD is advanced and the kidneys are small and scarred，there is little utility and significant risk in attempting to arrive at a specific diagnosis.


Treatment


Treatments aimed at specific causes of CKD are discussed elsewhere. The optimal timing of therapy is usually well before there has been a measurable decline in GFR and certainly before CKD is established. It is helpful to sequentially measure and plot the rate of decline of GFR in all patients. Any acceleration in the rate of decline should prompt a search for superimposed acute or subacute processes that may be reversible. These include ECFV depletion，uncontrolled hypertension，urinary tract infection，new obstructive uropathy，exposure to nephrotoxic agents，and reactivation or flare of the original disease，such as lupus or vasculitis.


Slowing the progression of CKD：
 There is variation in the rate of decline of GFR among patients with CKD. However，the following interventions should be considered in an effort to stabilize or slow the decline of renal function.


Protein restriction：
 While protein restriction has been advocated to reduce symptoms associated with uremia，it may also slow the rate of renal decline at earlier stages of renal disease. Sufficient energy intake is important to prevent protein-calorie malnutrition，and 35 kcal/kg is recommended. Monitoring of parameters of nutritional status must accompany the dietary intervention，using the parameters outlined above in the section on GI and nutritional abnormalities.


Reducing intraglomerular hypertension and proteinuria：
 Control of systemic and glomerular hypertension is at least as important as dietary protein restriction in slowing the progression of CKD. Therefore，in addition to reduction of cardiovascular disease risk，antihypertensive therapy in patients with CKD also aims to slow the progression of nephron injury by reducing intraglomerular hypertension. This observation is the basis for the treatment guideline establishing 125/75 mmHg as the target blood pressure in proteinuric CKD patients. ACE inhibitors and ARBs inhibit the angiotensin-induced vasoconstriction of the efferent arterioles of the glomerular microcirculation. This inhibition leads to a reduction in both intraglomerular filtration pressure and proteinuria. Among the calcium channel blockers，diltiazem and verapamil may exhibit superior anti-proteinuric and renoprotective effects compared to the dihydropyridines.


Slowing progression of diabetic renal disease：
 Diabetic nephropathy is now the leading cause of CKD requiring renal replacement therapy in many parts of the world，and its prevalence is increasing disproportionately in the developing world. Furthermore，the prognosis of diabetic patients on dialysis is poor，with survival comparable to many forms of cancer. Accordingly，it is mandatory to develop strategies whose aim is to prevent or slow the progression of diabetic nephropathy in these patients.


Cardiovascular abnormalities treatment


1. Management of hypertension：Hypertension is found in the majority of type 2 diabetic patients at diagnosis. This finding correlates with the presence of albuminuria and is a strong predictor of cardiovascular events and nephropathy. Microalbuminuria precedes the decline in GFR and heralds renal and cardiovascular complications. In all patients with CKD，blood pressure should be controlled to levels recommended by national guideline panels. In CKD patients with diabetes or proteinuria ＞ 1 g per 24 h，blood pressure should be reduced to 125/75 mmHg，if achievable without prohibitive adverse effects. Salt restriction and diuretics should be the first line of therapy. When volume management alone is not sufficient，the choice of antihypertensive agent is similar to that in the general population. The ACE inhibitors and ARBs slow the rate of decline of kidney function，even in dialysis patients，but their use may be complicated by the development of hyperkalemia. Antihypertensive treatment reduces albuminuria and diminishes its progression even in normotensive diabetic patients. In addition to treatment of hypertension in general，the use of ACE inhibitors and ARBs in particular is associated with additional renoprotection.

2. Management of cardiovascular disease：Certainly hypertension，elevated serum levels of homocysteine，and dyslipidemia promote atherosclerotic disease and are treatable complications of CKD. Renal disease complicated by nephrotic syndrome is associated with a very atherogenic lipid profile and hypercoagulability，which increases the risk of occlusive vascular disease. Since diabetes mellitus and hypertension are the two most frequent causes of advanced CKD，it is not surprising that cardiovascular disease is the most frequent cause of death in dialysis patients. Lifestyle changes，including regular exercise，should be advocated but are not often implemented.


Preparation for renal replacement therapy：
 The institution of maintenance dialysis and kidney transplantation has extended the lives of hundreds of thousands of patients with CKD worldwide. Clear indications for initiation of renal replacement therapy for patients with CKD include pericarditis，encephalopathy，intractable muscle cramping，anorexia，and nausea not attributable to reversible causes such as peptic ulcer disease，evidence of malnutrition，and fluid and electrolyte abnormalities，principally hyperkalemia，that are refractory to other measures.

Recommendations for the optimal time for initiation of renal replacement therapy have been established by the National Kidney Foundation in their KDOQI Guidelines and are based on recent evidence demonstrating that delaying initiation of renal replacement therapy until patients are malnourished or have severe uremic complications leads to a worse prognosis on dialysis or with transplantation. Because of the interindividual variability in the severity of uremic symptoms and renal function，it is ill-advised to assign an arbitrary urea nitrogen or creatinine level to the need to start dialysis. Moreover，patients may become accustomed to chronic uremia and deny symptoms，only to find that they feel better with dialysis and realize in retrospect how poorly they were feeling before its initiation.

Although recent studies have not confirmed a clear association of early-start dialysis with improved patient survival，there is still merit in this approach. On a practical level，advanced preparation may help to avoid problems with the dialysis process itself and thus preempt the morbidity associated with resorting to the insertion of temporary hemodialysis access with its attendant risks of sepsis，bleeding，and thrombosis.


Patient education：
 Social，psychological，and physical preparation for the transition to renal replacement therapy and the choice of the optimal initial modality are best accomplished with a gradual approach involving a multidisciplinary team. The more knowledgeable that patients are about hemodialysis，peritoneal dialysis，and kidney transplantation，the easier and more appropriate will be their decisions. Exploration of social service support is also important. In those who may perform home dialysis or undergo preemptive renal transplantation，early education of family members for selection and preparation of a home dialysis helper or a related（or unrelated）kidney donor should occur long before the onset of symptomatic renal failure.











31 Glomerular Diseases







Pathogenesis of Glomerular Disease


There are many forms of glomerular disease with pathogenesis variably linked to the presence of genetic mutations，infection，toxin exposure，autoimmunity，atherosclerosis，hypertension，emboli，thrombosis，or diabetes mellitus. Even after careful study，however，the cause often remains unknown，and the lesion is called idiopathic
 .

Some glomerular diseases result from genetic mutations producing familial disease.（1）Congenital nephrotic syndrome from mutations in nephrin and podocin affect the slit-pore membrane at birth，and cation channel mutations in adulthood produce focal segmental glomerulosclerosis.（2）Partial lipodystrophy from mutations in genes encoding lamin cause a metabolic syndrome that can be associated with membranoproliferative glomerulonephritis which is sometimes accompanied by dense deposits and C3 nephritic factor.（3）Alport’s syndrome，from mutations in the genes encoding for the 3，4，or 5 chains of type Ⅳ collagen，produces split-basement membranes with glomerulosclerosis.（4）Lysosomal storage diseases，such as galactosidase a deficiency causing Fabry’s disease and N
 -acetylneuraminic acid hydrolase deficiency causing nephrosialidosis，produce FSGS.

Systemic hypertension and atherosclerosis can produce pressure stress，ischemia，or lipid oxidants that lead to chronic
 glomerulosclerosis.Malignant hypertension can quickly complicate glomerulosclerosis with fibrinoid necrosis of arterioles and glomeruli，thrombotic microangiopathy，and acute renal failure. Diabetic nephropathy
 is an acquired sclerotic injury associated with thickening of the GBM secondary to the long-standing effects of hyperglycemia，advanced glycosylation end-products，and reactive oxygen species.

Inflammation of the glomerular capillaries is called glomerulonephritis. Most glomerular or mesangial antigens involved in immune-mediated glomerulonephritis are unknown. Bacteria，fungi，and viruses can directly infect the kidney producing their own antigens. Autoimmune diseases like idiopathic membranous glomerulonephritis are confined to the kidney，while systemic inflammatory diseases like lupus nephritis
 or Wegener’s granulomatosis spread to the kidney，causing secondary glomerular injury. Antiglomerular basement membrane disease producing Goodpasture’s syndrome primarily injures both the lung and kidney because of the narrow distribution of the 3NC1 domain of type Ⅳ collagen that is the target antigen.

While the adaptive immune response is similar to that of other tissues，early T cell activation plays an important role in the mechanism of glomerulonephritis. Mononuclear cells by themselves can injure the kidney，but autoimmune events that damage glomeruli classically produce a humoral immune response. Poststreptococcal glomerulonephritis
 ，lupus nephritis
 ，and idiopathic membranous nephritis
 typically are associated with immune deposits along the GBM，while anti-GBM antibodies are produced in anti-GBM disease. Preformed circulating immune complexes can precipitate along the subendothelial side of the GBM，while other immune deposits form in situ on the subepithelial side. These latter deposits accumulate when circulating autoantibodies find their antigen trapped along the subepithelial edge of the GBM. Immune deposits in the glomerular mesangium may result from the deposition of preformed circulating complexes or in situ antigen-antibody interactions. Immune deposits can stimulate the release of local proteases and activate the complement cascade，producing C5—9
 attack complexes. In addition，local oxidants can damage glomerular structures，producing proteinuria and effacement of the podocytes. Overlapping etiologies or pathophysiologic mechanisms can produce similar glomerular lesions，suggesting that downstream molecular and cellular responses often converge towards common patterns of injury.


Progression of Glomerular Disease


Persistent glomerulonephritis that worsens renal function is always accompanied by interstitial nephritis，renal fibrosis，and tubular atrophy. What is not so obvious，however，is that renal failure in glomerulonephritis best correlates histologically with the appearance of tubulointerstitial nephritis rather than with the type of inciting glomerular injury.

Loss of renal function due to interstitial damage can be explained hypothetically by several mechanisms. The simplest explanation is that urine flow is impeded by tubular obstruction as a result of interstitial inflammation and fibrosis. Thus，obstruction of the tubules with debris or by extrinsic compression results in aglomerular nephrons. A second mechanism suggests that interstitial changes，including interstitial edema or fibrosis，alter tubular and vascular architecture and thereby compromise the normal tubular transport of solutes and water from tubular lumen to vascular space. This failure increases the solute and water content of the tubule fluid，resulting in isothenuria and polyuria. Adaptive mechanisms related to tubuloglomerular feedback also fail，resulting in a reduction of renin output from the juxtaglomerular apparatus of glomeruli trapped by interstitial inflammation. Consequently，the local vasoconstrictive influence of angiotensin Ⅱ on the glomerular arterioles decreases，and filtration drops owing to a generalized decrease in arteriolar tone. A third mechanism involves changes in vascular resistance due to damage of peritubular capillaries. The cross-sectional volume of these capillaries is decreased in areas of interstitial inflammation，edema，or fibrosis. These structural alterations in vascular resistance affect renal function through two mechanisms. First，tubular cells are very metabolically active，and，as a result，decreased perfusion could lead to ischemic injury. Second，impairment of glomerular arteriolar outflow leads to increased intraglomerular hypertension in less involved glomeruli；this selective intraglomerular hypertension aggravates and extends mesangial sclerosis and glomerulosclerosis to less-involved glomeruli. Regardless of the exact mechanism，early acute tubulointerstitial nephritis suggests potentially recoverable renal function，while the development of chronic interstitial fibrosis
 prognosticates a permanent loss.


Syndromes


Various forms of glomerular injury can also be parsed into several distinct syndromes on clinical grounds. These syndromes，however，are not always mutually exclusive. There is an acute nephritic syndrome
 producing 1—2 g/24 h of proteinuria，hematuria with red blood cell casts，pyuria，hypertension，fluid retention，and a rise in serum creatinine associated with a reduction in glomerular filtration. If glomerular inflammation develops slowly，the serum creatinine will rise gradually over many weeks，but if the serum creatinine rises quickly，particularly over a few days，acute nephritis is sometimes called rapidly progressive glomerulonephritis；the histopathologic term crescentic glomerulonephritis refers to the clinical occurrence of RPGN in a patient with this characteristic glomerular lesion. When patients with RPGN present with lung hemorrhage from Goodpasture’s syndrome，antineutrophil cytoplasmic antibodies（ANCA）small-vessel vasculitis，lupus erythematosus，or cryoglobulinemia，they are often diagnosed as having a pulmonary-renal syndrome. Nephrotic syndrome describes the onset of heavy proteinuria（＞3.0 g/24 h），hypertension，hypercholesterolemia，hypoalbuminemia，edema/anasarca，and microscopic hematuria；if only large amounts of proteinuria are present without clinical manifestations，the condition is sometimes called nephrotic-range proteinuria. The glomerular filtration rate（GFR）in these patients may initially be normal or，rarely，higher than normal，but with persistent hyperfiltration and continued nephron loss，it typically declines over months to years. Patients with a basement membrane syndrome
 either have genetically abnormal basement membranes or an autoimmune response to basement membrane collagen Ⅳ associated with microscopic hematuria，mild to heavy proteinuria，and hypertension with variable elevations in serum creatinine. Glomerular-vascular syndrome describes patients with vascular injury producing hematuria and moderate proteinuria. Affected individuals can have vasculitis，thrombotic microangiopathy，antiphospholipid syndrome，or，more commonly，a systemic disease such as atherosclerosis，cholesterol emboli，hypertension，sickle cell anemia，and autoimmunity. Infectious diseases-associated syndrome
 is most important if one has an international perspective. Save for subacute bacterial endocarditis in the Western Hemisphere，malaria and schistosomiasis may be the most common causes of glomerulonephritis throughout the world，closely followed by HIV and chronic hepatitis B and C. These infectious diseases produce a variety of inflammatory reactions in glomerular capillaries，ranging from nephrotic syndrome to acute nephritic injury，and yield urinalyses that demonstrate a combination of hematuria and proteinuria.

Persistent damage to glomerular capillaries spreads to the tubulointerstitium in association with proteinuria. There is an untested hypothesis that efferent arterioles leading from inflamed glomeruli carry forward inflammatory mediators，which induces downstream interstitial nephritis，resulting in fibrosis. Glomerular filtrate from injured glomerular capillaries adherent to Bowman’s capsule may also be misdirected to the periglomerular interstitium. Most nephrologists believe，however，that proteinuric glomerular filtrate forming tubular fluid is the primary route to downstream tubulointerstitial injury，although none of these hypotheses are mutually exclusive.

The simplest explanation for the effect of proteinuria on the development of interstitial nephritis is that increasingly severe proteinuria，carrying activated cytokines and lipoproteins producing reactive oxygen species，triggers a downstream inflammatory cascade in and around epithelial cells lining the tubular nephron. These effects induce T lymphocyte and macrophage infiltrates in the interstitial spaces along with fibrosis and tubular atrophy.

Tubules disappear following direct damage to their basement membranes，leading to decondensation and epithelial-mesenchymal transitions forming more interstitial fibroblasts at the site of injury. Transforming growth factor β（TGF-β），fibroblast growth factor 2，and platelet-derived growth factor（PDGF）are particularly active in this transition. With persistent nephritis，fibroblasts multiply and lay down tenascin and a fibronectin scaffold for the polymerization of new interstitial collagens Ⅰ/Ⅲ. These events form scar tissue through a process called fibrogenesis. In experimental studies，bone morphogenetic protein 7 and hematopoietic growth factor can reverse early fibrogenesis and preserve tubular architecture. When fibroblasts outdistance their survival factors，they apoptose，and the permanent renal scar becomes acellular，leading to irreversible renal failure.


Approach to the Patient with Glomerular Disease



Hematuria，proteinuria，and pyuria：
 Patients with glomerular disease usually have some hematuria with varying degrees of proteinuria. Hematuria is typically asymptomatic. As little as 3—5 red blood cells in the spun sediment from first voided morning urine is suspicious. The diagnosis of glomerular injury can be delayed because patients will not realize they have microscopic hematuria
 ，and only rarely with the exception of IgA nephropathy and sickle cell disease is gross hematuria
 present. When working up microscopic hematuria，perhaps accompanied by minimal proteinuria（＜500 mg/24 h），it is important to exclude anatomic lesions，such as malignancy of the urinary tract，particularly in older men. Microscopic hematuria may also appear with the onset of benign prostatic hypertrophy，interstitial nephritis，papillary necrosis，renal stones，cystic kidney diseases，or renal vascular injury. However，when red blood cell casts or dysmorphic red blood cells are found in the sediment，glomerulonephritis is likely.


Sustained proteinuria
 ＞1—2 g/24 h is also commonly associated with glomerular disease. Patients often will not know they have proteinuria unless they become edematous or notice foamy urine on voiding. Sustained proteinuria
 has to be distinguished from lesser amounts of so-called benign proteinuria
 in the normal population. This latter class of proteinuria is nonsustained，generally ＜1 g/24 h，and is sometimes called functional
 or transient proteinuria
 . Fever，exercise，obesity，sleep apnea，emotional stress，and congestive heart failure can explain transient proteinuria. Proteinuria only seen with upright posture is called orthostatic proteinuria
 . Occasionally，isolated proteinuria sustained over multiple clinic visits is found in diabetic nephropathy，nil lesion
 ，mesangioproliferative glomerulonephritis
 ，and FSGS. Proteinuria in most adults with glomerular disease is nonselective
 ，containing albumin and a mixture of other serum proteins，while in children with nil lesion from minimal change disease
 ，the proteinuria is selective
 and largely composed of albumin.

These six general categories of syndromes are usually determined at the bedside with the help of a history and physical examination，blood chemistries，renal ultrasound，and urinalysis. These initial studies help frame further diagnostic work up that typically involves some testing of the serum for the presence of various proteins（HIV and hepatitis B and C antigens），antibodies ［anti-GBM，antiphospholipid，ASO，anti-DNAase，antihyaluronidase，ANCA，anti-DNA，cryoglobulins，anti-HIV，and anti-hepatitis B and C antibodies］ or depletion of complement components（C3
 and C4
 ）. The bedside history and physical examination can also help determine whether the glomerulonephritis is isolated to the kidney（primary glomerulonephritis）or is part of a systemic disease（secondary glomerulonephritis）. When confronted with an abnormal urinalysis and elevated serum creatinine，with or without edema or congestive heart failure，one must consider whether the glomerulonephritis is acute
 or chronic
 . This assessment is best made by careful history（last known urinalysis or serum creatinine during pregnancy or insurance physical，evidence of infection，or use of medication or recreational drugs）；the size of the kidneys on renal ultrasound examination；and how the patient feels at presentation. Chronic glomerular disease often presents with decreased kidney size. Patients who quickly develop renal failure are fatigued and weak；feel miserable；often have uremic symptoms associated with nausea，vomiting，fluid retention，and somnolence. Primary glomerulonephritis presenting with renal failure that has progressed slowly，however，can be remarkably asymptomatic，as are patients with acute glomerulonephritis without much loss in renal function. Once this initial information is collected，selected patients who are clinically stable，have adequate blood clotting parameters，and are willing to receive treatment are encouraged to have a renal biopsy. Biopsies can be done safely with an ultrasound-guided biopsy gun.


Renal pathology：
 A renal biopsy in the setting of glomerulonephritis can quickly identify the type of glomerular injury and often suggests a course of treatment. The biopsy is processed for light microscopy using stains for hematoxylin and eosin
 （H＆E）to assess cellularity and architecture，periodic acid-Schiff
 （PAS）to stain carbohydrate moieties in the membranes of the glomerular tuft and tubules，Jones-methenamine silver
 to enhance basement membrane structure，Congo red
 for amyloid deposits，and Masson
 ’s trichrome
 to identify collagen deposition and assess the degree of glomerulosclerosis and interstitial fibrosis. Biopsies are also processed for direct immunofluorescence using conjugated antibodies against IgG，IgM，and IgA to detect the presence of “lumpy-bumpy” immune deposits or “linear” IgG or IgA antibodies bound to GBM，antibodies against trapped complement proteins（C3
 and C4
 ），or specific antibodies against a relevant antigen. High-resolution electron microscopy can clarify the principal location of immune deposits and the status of the basement membrane.

Each region of a renal biopsy is assessed separately. By light microscopy，glomeruli（at least 10 and ideally 20）are reviewed individually for discrete lesions；＜50% involvement is considered focal
 ，and ＞50% is diffuse
 . Injury in each glomerular tuft can be segmental
 ，involving a portion of the tuft，or global
 ，involving most of the glomerulus. Glomeruli can have proliferative
 characteristics，showing increased cellularity. When cells in the capillary tuft proliferate，it is called endocapillary
 ，and when cellular proliferation extends into Bowman’s space，it is called extracapillary
 . Synechiae
 are formed when epithelial podocytes attach to Bowman’s capsule in the setting of glomerular injury；crescents
 ，which in some cases may be the extension of synechiae，develop when fibrocellular/fibrin collections fill all or part of Bowman’s space；and sclerotic
 glomeruli show acellular，amorphous accumulations of proteinaceous material throughout the tuft with loss of functional capillaries and normal mesangium. Since age-related glomerulosclerosis is common in adults，one can estimate the background percentage of sclerosis by dividing the patient’s age in half and subtracting 10. Immunofluorescent and electron microscopy can detect the presence and location of subepithelial，subendothelial，or mesangial immune deposits，or reduplication
 or splitting
 of the basement membrane. In the other regions of the biopsy，the vasculature surrounding glomeruli and tubules can show angiopathy，vasculitis，the presence of fibrils，or thrombi. The tubules can be assessed for adjacency to one another；separation can be the result of edema，tubular dropout，or collagen deposition resulting from interstitial fibrosis. Interstitial fibrosis is an ominous sign of irreversibility and progression to renal failure.


IgA Nephropathy


Berger first described the glomerulonephritis termed IgA nephropathy. It is classically characterized by episodic hematuria associated with the deposition of IgA in the mesangium.IgA nephropathy is one of the most common forms of glomerulonephritis worldwide. There is a male preponderance，a peak incidence in the second and third decades of life，and rare familial clustering. There are geographic differences in the prevalence of IgA nephropathy，with 30% prevalence along the Asian and Pacific Rim and 20% in southern Europe，compared to lower prevalence in northern Europe and North America. It was initially hypothesized that variation in detection，in part，reflected regional differences in the recognition of asymptomatic microscopic hematuria or the frequency of renal biopsies. With clinical care in nephrology becoming more uniform and regional reports coming largely from larger cities，however，this variation in prevalence more likely reflects true differences among racial and ethnic groups.

Clinical and laboratory evidence suggests close similarities between Henoch-Schönlein purpura and IgA nephropathy. Henoch-Schönlein purpura is distinguished clinically from IgA nephropathy by prominent systemic symptoms，a younger age（＜20 years old），preceding infection，and abdominal complaints. Deposits of IgA are also found in the glomerular mesangium in a variety of systemic diseases，including chronic liver disease，Crohn’s disease，gastrointestinal adenocarcinoma，chronic obstructive bronchiectasis，idiopathic interstitial pneumonia，dermatitis herpetiformis，mycosis fungoides，leprosy，ankylosing spondylitis，relapsing polychondritis，and Sjögren’s syndrome. IgA deposition in these entities is not usually associated with clinically significant glomerular inflammation or renal dysfunction and thus is not called IgA nephropathy.


Clinical manifestation：
 IgA nephropathy is an immune complex-mediated glomerulonephritis defined by the presence of diffuse mesangial IgA deposits often associated with mesangial hypercellularity. IgM，IgG，C3
 ，or immunoglobulin light chains may be codistributed with IgA. IgA deposited in the mesangium is typically polymeric and of the IgA1 subclass，the pathogenic significance of which is not clear. Abnormalities have been described in IgA production by plasma cells，particularly secretory IgA；in IgA glycosylation；in IgA clearance，predominately by the liver；in mesangial IgA clearance and receptors for IgA；and in growth factor and cytokine-mediated events. Despite the presence of elevated serum IgA levels in 20%—50% of patients，IgA deposition in skin biopsies in 15%—55% of patients，or elevated levels of secretory IgA and IgA-fibronectin complexes，a renal biopsy is necessary to make the diagnosis. Although the immunofluorescent pattern of IgA on renal biopsy defines IgA nephropathy in the proper clinical context，a variety of histologic lesions may be seen on light microscopy，including DPGN；segmental sclerosis
 ；and，rarely，segmental necrosis with cellular crescent formation
 ，which typically presents as RPGN.

The two most common presentations of IgA nephropathy are recurrent episodes of macroscopic hematuria during or immediately following an upper respiratory infection in children（Henoch-Schönlein purpura）or asymptomatic microscopic hematuria most often seen in adults. Between episodes，the urinalysis is normal. When the hematuria persists，one finds increasing amounts of proteinuria；nephrotic syndrome，however，is uncommon. The presence or absence of proteinuria at the time of diagnosis often determines whether patients with asymptomatic hematuria are biopsied，which reflects the bias in habits of clinical practice. Proteinuria can occur late in the course of the disease. Rarely，patients can present with acute renal failure and a rapidly progressive clinical picture. IgA nephropathy is a benign disease for the majority of patients，with progression to renal failure seen in only 25%—30% over 20—25 years；in fact，5%—30% of patients go into complete remission. Risk factors for the loss of renal function include the presence of hypertension or proteinuria，the absence of episodes of macroscopic hematuria，male age，older age of onset，and more severe changes on renal biopsy.


Treatment：
 There is no agreement on optimal treatment. Both large studies that include patients with multiple glomerular diseases or small studies of patients with IgA nephropathy support the use of angiotensin-converting enzyme（ACE）inhibitors in patients with proteinuria or declining renal function. Tonsillectomy，steroid therapy，and fish oil have all been suggested in small studies to benefit select patients with IgA nephropathy. When presenting as RPGN，patients typically receive steroids，cytotoxic agents，and plasmapheresis.
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Renal Tubular Disorders


There are a variety of disorders of tubular function，both generalised and specific. These disorders may be isolated defects，generalised tubular defects as in Fanconi syndrome，or associated with more generalised disease processes.


Inherited disorders associated with generalized dysfunction of the proximal tubule（Renal Fanconi syndrome）：
 The renal Fanconi syndrome is a generalized dysfunction of the proximal tubule with no primary glomerular involvement. It is usually characterized by variable degrees of phosphate，glucose，amino acid，and bicarbonate wasting by the proximal tubule. The clinical presentation in children is usually rickets and impaired growth. In adults，bone disease is manifested as osteomalacia and osteoporosis. In addition，polyuria，renal salt wasting，hypokalemia，acidosis，hypercalciuria，and low molecular weight proteinuria can be part of the clinical spectrum.


Renal tubular acidosis：
 Renal tubular acidosis（RTA）is a clinical syndrome characterized by hyperchloremic（normal anion gap）metabolic acidosis secondary to abnormal urine acidification. This can be identified by inappropriately high urine pH，bicarbonaturia，and reduced net acid excretion. Proximal and distal forms of RTA are frequently accompanied by hypokalemia. Proximal RTA generally occurs as part of the renal Fanconi syndrome.


Distal renal tubular acidosis（type Ⅰ RTA）：
 Inability to form an acid urine in the distal tubule. May be inherited as a primary disorder or associated with autoimmune disorders（e.g. SLE），hyperparathyroidism，analgesic nephropathy，renal transplant rejection，obstructive uropathy and chronic urinary tract infections.Diagnosis：Hyperchloremic（normal anion gap）metabolic acidosis；hypokalemia；urine pH＞5.5.Treatment：Oral bicarbonate；correct hypokalaemia before acidosis.


Proximal renal tubular acidosis（type Ⅱ RTA）：
 Primary，isolated hereditary proximal RTA is an extremely rare disorder. Proximal RTA usually occurs as part of the spectrum of the Fanconi syndrome in which the excretion of glucose，amino acids，and phosphate is increased. The diagnosis of proximal RTA rests on an appropriately acid urine pH（pH ＜ 5.5）in acidotic patients and a high fractional excretion of bicarbonate（＞10%—15%）during intravenous loading with NaHCO3
 . Large amounts of bicarbonate must be given to correct the serum bicarbonate levels.

1. Etiology：May occur in isolation but is more often associated with other tubular defects as part of the Fanconi syndrome.Defective secretion of hydrogenions and bicarbonate reabsorption in the proximal tubule leads to an excess of bicarbonate in the urine.

2. Diagnosis：Hyperchloremic（normal anion gap）；metabolic acidosis；hypokalemia；high urine bicarbonaturia；urine pH＜5.5.

3. Treatment：High doses of bicarbonate are required but the prognosis is good. Correcting acidosis and low potassium levels allows normal growth and prevents bone disease，but vitamin D supplements may also be required.


Acute Interstitial Nephritis


Acute interstitial nephritis（AIN）defines a pattern of renal injury usually associated with an abrupt deterioration in renal function characterized histopathologically by inflammation and edema of the renal interstitium.


Etiology：
 The most frequent cause of AIN can be found in one of the three general categories：drug-induced，infection-associated，and cases associated with autoimmune idiopathic lesions.Drugs：Antibiotics have long been，and remain，a major cause of drug-related renal toxicity producing both acute renal failure and tubulointerstitial disease.It include：cephalosporins，ciprofloxacin，ethambutol，isoniazid，macrolides，penicillins，rifampin，sulfonamides，tetracycline，vancomycin.Approximately 1% to 5% of patients exposed to NSAIDs develop diverse nephrotoxic syndromes warranting potential physician intervention. Infectious agents：IN is associated with primary renal infections such as acute bacterial pyelonephritis，renal tuberculosis，and fungal nephritis. Systemic infections can cause direct injury because of pathologic processes in the kidney or can be associated with indirect injury caused by medications used in the treatment of infections.Idiopathic：Immunologic diseases such as sarcoidosis，systemic lupus erythematosus，or vasculitides may cause severe renal interstitial involvement.


Clinical manifestations and diagnosis：
 The clinical presentations comprise local and systemic manifestations of acute diffuse inflammation of the kidneys. Patients with AIN typically present with nonspecific symptoms of acute renal failure，including oliguria，malaise，anorexia，or nausea and vomiting with acute or subacute onset. The clinical features can range from asymptomatic elevation in creatinine or blood urea nitrogen or abnormal urinary sediment to generalized hypersensitivity syndrome with fever，rash，eosinophilia，and oliguria renal failure.Renal biopsy is the “gold standard” for diagnosis of AIN，with the typical histopathologic findings of lymphocytic infiltrates in the peritubular areas of the interstitium，usually with interstitial edema.

Treatment：Withdrawal of medications that are likely to cause AIN is the most significant step in early management of suspected or biopsy-proven AIN. The majority of patients with AIN improve spontaneously after the withdrawal of medications that resulted in renal failure. Supportive care interventions include fluid and electrolyte management，maintenance of adequate hydration，symptomatic relief for fever and systemic symptoms，symptomatic relief for rash.

The role of steroids in the treatment in AIN remains to be defined. Small case reports and studies have demonstrated rapid diuresis，clinical improvement，and return of normal renal function within 72 hours after starting steroid treatment，although some case reports indicate lack of efficacy，especially in cases of NSAID-induced AIN. The decision to use steroids should be guided by the clinical course following withdrawal of offending medications. Convincing clinical evidence for a role for steroid therapy，however，comes from the idiopathic form of AIN，particularly that with coexistent anterior uveitis，the so-called TINU syndrome. Both the ocular and the renal changes of these patients respond dramatically to a brief course of steroid therapy. Clearly，steroids are not to be used in cases due to infectious agents，in which proper therapy is directed at eliminating infection.


Urinary Tract Infection


Urinary tract infection，also called UTI，is an infection of the bladder or kidneys. Most infections arise from one type of bacteria，Escherichia coli
 （E
 . coli
 ），which normally lives in the colon. Urinary tract infections are a serious health problem affecting millions of people each year. Infections of the urinary tract are the second most common type of infection in the body.


Pathophysiology：
 In many cases，bacteria first travel to the urethra. When bacteria multiply，an infection can occur. An infection limited to the urethra is called urethritis. If bacteria move to the bladder and multiply，a bladder infection，called cystitis，results. If the infection is not treated promptly，bacteria may then travel further up the ureters to multiply and infect the kidneys. A kidney infection is called pyelonephritis.


Diagnosis


1. Physical examination：Despite the incomplete relationship between clinical symptoms and the presence of infection at various sites in the urinary tract，useful information can be gained from a skillfully obtained history. When a patient with a single acute episode of symptomatic UTI is examined，the first consideration is whether there are signs or symptoms suggesting the presence or imminent development of systemic sepsis：spiking fevers，rigors，tachypnea，colicky abdominal pain，and exquisite loin pain. Such patients require immediate attention and effective antimicrobial therapy. If the patient is not acutely septic，attention turns to such concerns as previous history of renal disease，and such conditions as diabetes mellitus，multiple sclerosis，other neurologic conditions，history of renal stones，and previous genitourinary tract manipulation—conditions that could predispose to UTI and could affect the efficacy of therapy.

2. Urine tests：By far the most commonly used is the griess nitrate reduction test，which is dependent on the bacterial reduction of nitrate in the urine to nitrite，with a variety of commercially available tapes or dipsticks employed to measure the presence of nitrites. The combination of the nitrate test with a test for leukocyte esterase on a single，inexpensive dipstick that can be read in less than 2 minutes has greatly increased the utility of this approach. This system provides a useful assessment for the presence of more than 105
 Enterobacteriaceae per milliliter of urine and of pyuria.The other commonly employed chemical test is the reduction of triphenyltetrazolium chloride to triphenylformazan by bacteria.


Treatment


1. General principles of antimicrobial therapy：The goals of treatment of UTI are to prevent or treat systemic sepsis，to relieve symptoms，to eradicate sequestered infection，to eliminate uropathogenic bacterial strains from fecal and vaginal reservoirs，and to prevent long-term sequelae—all at minimal cost，with the lowest rate of side effects，and with the least selection of an antibiotic-resistant bacterial flora.

2. Acute cystitis：The treatment of choice has been short-course therapy with trimethoprim-sulfamethoxazole（TMP-SMX）or a fluoroquinolone；both of these are superior to β-lactams in the treatment of UTI. Both these drugs achieve high concentrations in vaginal secretions that are more than sufficient to eradicate the usual E
 . coli
 and other major uropathogens.

3. Acute pyelonephritis：If possible，a Gram stain of the urine should be performed to establish whether enterococcal infection could be present. If Gram-positive cocci are present，or if that information is not available，initial therapy should include intravenous ampicillin（or vancomycin）plus gentamicin to provide adequate coverage of both enterococci and the more common gram-negative uropathogens. If only Gram-negative bacilli are present，there are a large number of choices ranging from parenteral TMP-SMX and fluoroquinolones to gentamicin；such broad-spectrum cephalosporins as ceftriaxone，aztreonam，the β-lactam-b-lactamase inhibitor com-binations（ampicillin-sulbactam，ticarcillin-clavulanate，and piperacillin-tazobactam）；and imipenem-cilastatin.











33 Vascular Disorders of Kidney







Hypertension and the Kidney


Hypertension is both a consequence and a cause of CKD. Causes of hypertension include：Renal parenchymal：Acute and chronic glomerulonephritis；pyelonephritis；nephrocalcinosis；neoplasms；glomerulosclerosis；interstitial，hereditary，or radiation nephritis，obstructive uropathies and hydronephrosis，renin-secreting renal tumors，congenital defect in renal Na transport. Renovascular：Renal arterial lesions，occlusions，stenoses，aneurysms，thromboses，renal vasculitis or glomerulitis，coarctation of the aorta with renal ischemia. Adrenocortical disorders：Cushing syndrome，primary aldosteronism due to adenoma.


Pathogenesis of hypertension：
 Several lines of evidence further support the conclusion that the kidney plays an essential role in the pathogenesis of hypertension. First，in human hypertension and virtually all experimental models of hypertension，the ability to excrete Na is impaired at normal BP. Second，when renal excretory function is dampened by infusion of Na- and water-retaining hormones（e.g.，vasopressin，Ang Ⅱ，aldosterone），an increase in renal perfusion pressure is required to restore Na and volume homeostasis. Third，all effective antihypertensive drugs shift the pressure natriuresis relationship back to control levels. Fourth，the BP level in a human or experimental animal renal transplant recipient is directly related to the BP of the kidney donor.


Renovascular hypertension：
 For more than a century，the kidney has been recognized has a source of pressor materials. Recruitment of multiple pathways that raise arterial pressure increases the complexity of managing hypertension in this setting. Identification of components of the renin-angiotensin system provides a crucial link to understanding several of these systems. Circulating renin is derived primarily from the kidney in response to a reduction of renal perfusion pressure detected by loss of afferent arteriolar stretch. Renin itself has biologic activity directed mainly to the enzymatic release of Ang Ⅰ from its circulating substrate，angiotensinogen，in plasma and possibly other sites. Two further peptides are cleaved from Ang Ⅰ through the action of angiotensin-converting enzyme（ACE）to produce Ang Ⅱ. Generation of Ang Ⅱ in plasma occurs mainly during passage through the lung. Hence，the signal of reduced kidney pressures is amplified and transmitted to a major vasopressor system that acts throughout the body，accounting for one major mechanism by which renovascular hypertension develops.


Treatment：
 This task may include the effort to simplify or potentially to eliminate long-term antihypertensive drug therapy. A further goal is to preserve kidney function and to prevent loss of kidney function related to impaired renal blood flow. In some instances，renal revascularization is undertaken to allow improved management of salt and water balance in the process of managing patients with congestive cardiac failure. This may allow safer use of diuretic agents and ACE inhibitor/ARB classes of medication in patients with critical renal artery lesions to the entire renal mass. Because prospective，randomized trial information is limited in renovascular disease，each patient must be considered individually. What cannot be taken for granted currently is the premise that renal revascularization prolongs life or prevents ESRD. As noted previously，the burden of atherosclerotic disease associated with RAS is often widespread and the causes of death include a broad array of cardiovascular events. Both endovascular and surgical intervention in the aorta and renal vasculatures carry substantial risk that may accelerate morbidity and loss of renal function. As a result，these measures must be considered within the entire context of patient management over time.


Renal Vein Thrombosis


Renal vein thrombosis（RVT）was first described by Hunter. Rayer was the first to make its association with nephrotic syndrome. Though uncommon，it can be seen in a variety of clinical settings such as tumors，aneurysm，or abscesses resulting in direct compression，or from hypovolemic or hypercoagulable states. In adults，RVT is most commonly associated with nephrotic syndrome.


Etiology：
 The incidence of RVT in the adult population is difficult to establish. The overall incidence in nephrotic syndrome ranges from 5% to 62%，and is highest in patients affected with membranous nephropathy or membranoproliferative glomerulonephritis.


Clinical presentation：
 Acute presentation seen in young patients with a short history of nephrotic syndrome manifests with acute flank pain，macroscopic hematuria，and loss of renal function. Chronic RVT is more common in nephrotic patients. These patients are usually older，have little or no accompanying symptoms except for peripheral edema，increase in proteinuria，and gradual decline in renal function. They also have greater incidence of pulmonary emboli and other thromboembolic events.


Diagnosis：
 The radiologic manifestations of acute RVT are well defined and characteristic. Ultrasonography with Doppler color flow should be the initial noninvasive diagnostic study.Clinically，renal ultrasound initially reveals an enlarged kidney. Often the renal pelvis can be visualized，and usually is stretched，distorted，and blurred. Inferior venacavography with selective catheterization of the renal vein establishes the diagnosis of RVT. Both contrast enhanced CT and MRI have been used for the diagnosis of RVT. Both are less invasive than venography；CT utilizes ionizing radiation and iodinated contrast agent，and hence MRI has significant advantages over CT.


Treatment：
 Non-operative treatment including supportive therapy and anticoagulation has shown satisfactory survival rates. Anticoagulation is the mainstay of therapy，and is intended to prevent further propagation of the thrombus and thromboembolic complications，while permitting recanalization of occluded vessels. Thrombolytic therapy is likely warranted in patients with bilateral RVT，extension into inferior vena cava，pulmonary embolism，AKI/ARF，or severe flank pain. Anticoagulation is indicated in nephrotic patients who experience a thromboembolic event. Heparin should be given，although its effect may be attenuated in the presence of low ATⅢ levels. Following heparin，oral vitamin K antagonists should be used. Because platelet function is increased in nephrotic patients，anti-platelet，particularly low-dose aspirin are a rational choice.

Amplatz thrombectomy device（ATD），a new recirculation device developed to mechanically macerate the thrombus，used in massive pulmonary embolism，deep venous thrombosis，and acute occlusions of the femoral arteries，provides an alternative option for the treatment of RVT associated with AKI/ARF.

The main prognostic factors are initial renal function and type of nephropathy. Patients with membranous nephropathy had significantly better renal function and a lower mortality rate than did patients with other nephropathies. Initial renal insufficiency was significantly associated with a poor prognosis.


Thromboembolism of the Renal Artery


Acute renal artery thromboembolism is a serious medical condition that requires prompt diagnosis and treatment.


Etiology：
 The heart is the main source of peripheral thromboemboli including those to the renal arteries.Renal thromboemboli constitutes only 2% of peripheral emboli secondary to atrial fibrillation. Myocardial infarction and heart failure may predispose to the formation of thromboemboli.The aorta can be a source of renal artery thromboemboli，and more so following endovascular repair of aortic aneurysms. The rate of renal infarcts after such a procedure is about 9%.


Clinical presentation：
 Although anuria is characteristic of bilateral renal artery and solitary kidney renal artery involvement，it has been reported in unilateral renal artery thromboembolism，probably because of reflex vasospasm of the contralateral kidney. The patient usually presents with unexplained abdominal pain，gross hematuria，abdominal or flank tenderness，fever，and hypertension. There may be signs of involvement of other end organs by thromboembolic events，or recent cardiac events，such as atrial fibrillation or myocardial infarction. Most patients have an elevated serum LDH and hematuria.


Diagnosis：
 Although angiography is considered the gold standard for diagnosis，its use is reserved for situations where intervention is contemplated. Less invasive techniques are used for rapid diagnosis. Contrast-enhanced CT scan readily demonstrates the absence of enhancement in the affected renal tissue. Contrast-enhanced three-dimensional magnetic resonance angiography displays sharp images of the renal arteries and of perfusion abnormalities. Isotopic flow scans，typically with a technetium 99
 m（99m
 Tc）-labeled agent such as dimethylenetriamine pentaacetic acid（DTPA），show absent or markedly reduced perfusion of the affected kidney. Although the use of power Doppler techniques and contrast agents can reduce the number of false negative results，the quality of these studies is operator dependent.


Treatment：
 Treatment options for an acutely occluded renal artery are surgical embolectomy，percutaneous interventional techniques，and intraarterial thrombolysis.
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34 Structure and Function of the Gut



This chapter provides a brief overview of the structure and function of the gastrointestinal tract. Emphasis has been placed on those aspects of gastrointestinal anatomy and physiology which help an understanding of the nature of gastrointestinal symptoms and/or guide an approach to therapy.


Gross Anatomy


The gastrointestinal tract is a hollow tube of approximately 5 to 6 m in length，stretching from the oral cavity to anal sphincter. It is arbitrarily divided into a series of organs which serve different functions，and is joined to the liver and pancreas，the major organs of digestion.


Anatomical structure：
 The gastrointestinal tract possess a broadly similar structure throughout its length with an innermost epithelium，a subepithelial lamina propria，and two muscle layers，an inner circular and an outer longitudinal layer，between which lies the myenteric plexus，the intrinsic neural control system of the musculature. While this description most accurately describes the small intestine，the other organs of the gastrointestinal tract differ only subtly from this stereotype.


Oesophagus：
 In the oesophagus，the innermost layer is a squamous rather than colomnar epithelium. The musculature in the upper third is striated and controlled directly via extrinsic neural pathways，unlike the lower two-thirds which has smooth muscle and a myenteric plexus.


Stomach：
 The anatomy of the stomach differs from the intestine，possessing an additional oblique muscular layer and at either end a sphincter—specialized musculature designed to act as a unidirectional valve to control the flow of luminal contents. The sphincter between the esophagus and stomach（the lower esophageal sphincter）lies at the level of the diaphragm. The sphincter between the stomach and small intestine is known as the pylorus.


Small intestine：
 The small intestine is arbitrarily divided into duodenum，jejunum，and ileum. The duodenum（so named because it is 12 fingers’ breadth in length）is retroperitoneal，and possess on its medial aspect the ampulla of Vater which connects the pancreatic and common bile ducts to the duodenal lumen. The jejunum is mobile and free on a mesentery. The ileum begins indistinctly from the jejunum and ends at the caecum.


Colon and rectum：
 The colon differs from the small intestine in its muscular structure—the inner circular layer is similar but the outer longitudinal layer is condensed into three “worm like” structures，the taeniae coli. At the proximal end of the colon，the caecum arises the vermiform appendix，named because of its worm like appearance. The ascending and descending colon are retroperitoneal whereas the transverse and sigmoid colon are freely mobile on a mesentery，extending to the pelvic floor following which it expands into the rectum.

Anal sphincter：The anal sphincter provides an important continence mechanism and has two parts，an internal sphincter of smooth muscle and an external sphincter of striated muscle.


The Function of the Gastrointestinal Tract


The function of the gastrointestinal tract is the transport，digestion，and elimination of ingested material to supply nutrients，vitamins，minerals，and electrolytes which are essential for life，together with the protection of the rest of the body from injurious or allergenic material.

Secretion/absorption：The gastrointestinal tract is responsible for movement of very large volumes across its lumen. Overall，more than 8 litres enter the lumen per day. In contrast，only 200 to 300 mL is expelled per day as stool，the remainder being efficiently absorbed by the small intestine and proximal colon. The major digestive/absorptive organ of the gastrointestinal tract is the small intestine. Without the small intestine life is impossible whereas the possession of the small intestine without oesophagus，stomach，or colon is still compatible with reasonable nutrition. The various organs of the gastrointestinal tract subserve different functions to ensure that ingested nutrients are adequately digested or eliminated.

Esophageal function：The esophagus functions as a conduit to transport ingested food masticated by the mouth and salivary glands，through the thoracic cavity and into the proximal stomach.

Gastric function：The stomach acts as storage，a sterilizing，and a digestive tank. Its receptive function enables large quantities of food to be eaten rapidly and stored and processed until adequately prepared for delivery to the small intestine. The presence of pathogens in food is reduced by the secretion of hydrochloric acid upon meal ingestion while the production of peptidases and lipase capable of operating in a low pH commence the process of digestion.

Small intestinal function：The small intestine is the major site of digestion and absorption. It regulates the speed of delivery of gastric contents via a sensing mechanism located in the epithelium，comprising endocrine cells sensitive to the pH，osmolarity，and chemical composition of the luminal contents，and signals both to intrinsic and to extrinsic neurones of the vagus to delay gastric emptying. This sensory signal also stimulates the delivery of bile and production of pancreatic secretion ensuring that these major digestive materials are delivered to the intestine only in the presence of nutrients.

The absorption of digesta is achieved through the intestinal mucosa. While some passes between the intestinal cells，most is actively transported through the epithelial cells via specific transporters（e.g.，peptide，hexose transporters）. The small intestinal is also a major absorptive organ，retrieving over 6 litres of fluid per day from the lumen，the end result of which is the delivery of a small quantity of unabsorbed food（1.5 L）into the caecum.

The intestine shows regional differences in its absorptive function. The jejunum is responsible for the majority of nutrient and fluid absorption，whereas the ileum has additional，specific absorptive functions，in particular the absorption of vitamin B12
 and the absorption of bile salts. Surgical resection of the ileum may thus be associated with development of B12
 deficiency and of diarrhoea resulting from passage of bile salts into the colon where they induce secretion.

The colon：The colon’s function is to salvage water and electrolyte from the small intestinal effluent，converting over a litre of material from the intestine into small pellets for elimination. In addition to its water and electrolyte absorptive function，the colon also salvages unabsorbed calories from the lumen，particularly undigested carbohydrate，for example starch polysaccharides. These are incompletely digested in the small intestine and thus pass to the colon where the anaerobic bacteria of the lumen ferment the carbohydrate to short chain fatty acids，which are absorbed to provide a secondary nutrient source.

The rectum：The rectum provides a storage function，enabling the elimination of colonic residue（defecation）to be restricted to times of personal convenience.











35 Symptomatology of Gastrointestinal Disease






The skilful analysis of symptoms indicating disorders of the digestive system is an integral part of the practice of internal medicine. Many patients with abdominal symptoms do not have easily defined organic conditions. The traditional skills of taking a careful history and examining the patient thoroughly are invaluable in managing patients who have functional disorders such as “irritable bowel”，non-ulcer dyspepsia，non-specific diarrhoea，recurrent abdominal pain，and somatization disorder. One might suppose that the enormous advances in endoscopic，scanning，and other techniques will have made clinical diagnosis less important，but this is not so：most gastrointestinal disorders are minor self-limited disorders of uncertain cause or are functional in nature，thereby often eluding definition by these procedures. Moreover the early suspicion of life-threatening disease and prompt referral of patients for investigation depends on clinical judgement.


Disorders of Swallowing



Pharyngeal disease：
 Difficulty in swallowing is an important symptom that requires prompt resolution. Oropharyngeal disorders cause difficulty in initiating swallowing，regurgitation through the nasopharynx，a sensation of sticking in the throat，or the feeling of a lump in the throat on or after swallowing. Coughing and choking on swallowing is usually a symptom of pharyngeal disease and indicates failure to close the larynx. More rarely it is a sign of an obstructive lesion in the lower gullet which allows food and secretions to accumulate and spill into the larynx，especially at night. This symptom needs urgent attention to reduce the risk of aspiration pneumonia. Painful lesions of the oropharynx are usually demonstrated quite easily by simple inspection.

Patients with neurological disorders such as Parkinson’s disease，motor neurone disease，myaesthenia gravis，and dermatomyositis only rarely present with disorders of swallowing and the clinician has only to be aware of the way in which known illnesses may affect the swallowing process. Oropharyngeal dyskinesia is common in the early phase of recovery after a stroke and may be persistently troublesome in patients with brainstem lesions.

Patients with the sensation of a lump in the throat on or after swallowing require an imaging technique to look for a pharyngeal pouch，a postcricoid web，or carcinoma and rarely pressure from a large osteophyte as a result of cervical spondylosis. It is unwise to submit patients with suspected pharyngeal lesions to conventional fibre-optic oesophagoscopy as a first examination because of the risks of perforation. Patients with a persistent feeling of “a lump in the throat” without any demonstrable disease usually respond well to the taking of a careful history，a single scanning procedure，and firm reassurance. They are more often women than men and they nearly always show signs of an anxiety state.


Dysphagia：
 Oesophageal dysphagia causes a sensation of food sticking in the gullet and is nearly always due to organic disease. The symptoms vary from discomfort to severe pain and the patient is rarely able to localize the site of the obstruction accurately. Associated symptoms such as regurgitation，vomiting，and coughing or choking are common. Oesophageal dysphagia is caused by obstructive lesions or more rarely by neuromuscular disorders. The common intrinsic lesions are inflammatory strictures secondary to reflux or tumours. Extrinsic compression may occur as a result of mediastinal lesions or vascular disorders（for example an aortic aneurysm）. Neuromuscular disorders such as diffuse oesophageal spasm and dystrophia myotonica are much less common than obstructive pathology. The duration，progression，and frequency of symptoms help determine the likely nature of the pathology. Steady progression of dysphagia over a few weeks suggests malignant obstruction whereas association with a long history of heartburn suggests an inflammatory stricture. The dysphagia of neuromuscular disorders is usually confined to solids，and progresses，whereas that of achalasia is initially episodic and in the early stages often wrongly attributed to a functional disorder.

Heartburn：Heartburn is an extremely common symptom. It is an episodic lower retrosternal or epigastric burning that radiates upwards. It is caused by gastro-esophageal reflux and commonly occurs an hour or two after meals；it may be precipitated by heavy physical work and bending. Symptoms often occur on lying down and are characteristically relieved by the ingestion of antacids. Most pregnant women suffer heartburn.

Esophageal pain：Odynophagia is esophageal pain felt within 15 s of swallowing and may be associated with the impaction of a lump of food at a site of mechanical blockage or a hold-up with esophageal spasm. Odynophagia without hold-up occurs with intrinsic inflammatory disorders（such as reflux or candidal oesophagitis）and extrinsic disorders（such as mediastinitis）. Hot liquids and alcohol may cause odynophagia in a normal gullet.

Esophageal pain not clearly related to swallowing is characteristically retrosternal，often has a crushing quality，and may radiate to the jaw thereby mimicking cardiac pain. Patients with these symptoms are usually investigated for angina before being referred to a gastroenterologist：some will be shown to have reflux-associated chest pain or a primary disorder of motility. High-amplitude contractions of the distal esophagus are often discovered in patients with attacks of chest pain of uncertain cause and these are believed to be related to psychological stress.

Dyspepsia，nausea，and vomiting：Dyspepsia，nausea，and vomiting are extremely common symptoms which can be produced by a wide range of conditions from the most serious（such as end-stage neoplastic disease）to the most trivial（such as over-indulgence in food or alcohol）. Patients may speak of indigestion（to describe any low-grade upper abdominal discomfort）and sickness（to describe either nausea or vomiting）.

Dyspepsia：Dyspepsia is upper abdominal or lower chest discomfort or pain related to eating which may be described by the patient as a burning，a heaviness，or an aching and is often accompanied by other symptoms such as nausea，fullness in the upper abdomen，or belching. Although the symptoms of upper gastrointestinal disease are imprecise and non-specific，care in taking the clinical history will often facilitate making the correct diagnosis quickly and limit unnecessary investigation. All too often，an over-stretched，relatively inexperienced clinician will spend a few minutes talking to the patient and then arrange a battery of blood tests，gastrointestinal endoscopy（and biopsy），ultrasonic examination of the abdomen，and some conventional radiology.

Nausea：The term nausea should be restricted to the feeling of being about to vomit. Acute nausea is usually accompanied by hypersalivation. Nausea is caused by labyrinthine stimulation（as in motion sickness）；distension of hollow viscera，or any severe somatic pain and by some drugs，especially opiates and those used in chemotherapy for malignant conditions.

Again the clinician has to define carefully what the patient means by nausea. It may be used to describe anorexia，an aversion to food，abdominal fullness，or a sinking feeling in the abdomen. In the absence of a recognizable cause persistent or frequent nausea without vomiting often proves to be psychologically determined.

Vomiting：Vomiting is the forceful ejection of gastric contents through the mouth by the co-ordinated contraction of abdominal and gastric muscles with relaxation of the lower esophageal sphincter. Non-productive vomiting is called retching. Vomiting occurs with peptic ulceration，especially when there is delayed gastric emptying，and with advanced gastric cancer. It occurs with disorders of the biliary tree（especially as a result of gallstones）and with acute pancreatitis. It is an important symptom of intestinal obstruction，and it may occur with any cause of peritoneal inflammation such as appendicitis. Metabolic causes of vomiting include diabetic ketoacidosis，hypoadrenalism，and uraemia. Drugs which cause vomiting include opiates，some antibiotics，and chemotherapeutic agents. Alcoholism，raised intracranial pressure，and pregnancy are important causes of early morning vomiting. Effortless vomiting without a definable cause may be psychogenic. This is usually a disorder of young women many of whom have suffered psychological trauma.


Abdominal Pain



Upper abdominal pain：
 Pain in the upper abdomen has been considered under the heading dyspepsia. Upper abdominal discomfort is so common that its presence alone is of no value in distinguishing between those patients with organic disease and those with a functional disorder. Moreover patients with an irritable bowel，diverticular disease，and occasionally with other colonic pathology may have discomfort in the centre of the abdomen which they may describe as indigestion. In such circumstances there is usually also a history of some change in bowel habit that will indicate the true nature of the condition. Disease in the small intestine is proportionately rather uncommon and is frequently misdiagnosed as an irritable bowel. Symptoms are rarely specific but should be reinterpreted in the light of screening investigations（such as the blood count，a straight radiograph of the abdomen，and assessment of serum markers of inflammatory disease）.


Lower abdominal pain：
 With lower abdominal pain analysis of symptoms often does not help to determine the cause. Indeed inflammatory and neoplastic colonic disorders often may not give rise to pain and when pain does occur，it is usually diffuse and central. However，focal pain and tenderness in the left iliac fossa often indicates diverticulitis and，more rarely，colonic cancer. Focal pain in the right iliac fossa may be a marker of Crohn’s ileocaecal disease. The passage of stool or flatus will often relieve the pain of colonic disease and an irritable bowel；in contrast it tends to exacerbate the pain of local rectal conditions. A history of recent-onset lower abdominal pain in patients over the age of 40 years is an indication for prompt investigation.

Proctalgia fugax is a very painful paroxysmal perineal pain occurring unexpectedly often at night and may last for up to half an hour. The pathogenesis is uncertain and it is unassociated with any signs of disease. The condition is often recurrent but is self-limiting.


Diarrhoea and constipation：
 The general public knows well what is meant by “an attack of diarrhoea” or “being constipated” but these conditions are not easy to define in medical terms. First one must recognize that to a lay person，constipation means passing a stool less often than normal and usually with difficulty. But “normal” may be anything from two or three times a day to two or three times a week. Moreover the mass and consistency of a normal stool varies considerably depending on diet，gender，and individual factors. To add to the difficulty of assessing bowel function，the frequency of bowel habit may bear no relation to the volume of faecal material passed or to the amount of stool in the colon. Thus care must be taken to define exactly what is happening and it is advisable to take the common-sense view that a change in normal bowel habit is significant. Two warnings are appropriate：first，most people are loath to mention incontinence（they will usually say that they have diarrhea and will have to be asked specifically about soiling）；secondly in those with persistent unexplained diarrhea，it is best to examine the stool because patient’s descriptions of their faeces are often uninformative.

1. Diarrhoea：The clinician needs to understand some basic gastrointestinal physiology in order to understand the mechanisms of diarrhoea and to make sense of a patient’s symptoms. Most cases of diarrhoea can be diagnosed quite simply from the history，an examination of the stools，and，when appropriate，direct examination of the rectal mucosa. Acute infective diarrhoea is recognized by its recent onset，sometimes preceded by nausea or vomiting and a general systemic upset. Abdominal pain often occurs with Campylobacter infection.

In assessing chronic or recurrent diarrhea，it is worth trying to distinguish diarrhea of large bowel origin from that of the small intestine. Large bowel diarrhea characteristically occurs on rising，may be associated with pain which is relieved by defaecation，and often contains mucus and sometimes red blood. The differential diagnosis usually rests between inflammation and neoplasm. Small bowel diarrhea occurs at any time，and although often watery，the stool may also contain excess fat. In assessing diarrhea that otherwise remains unexplained，it may be worth distinguishing between osmotic and secretory mechanisms. This is done by measuring the concentration of the major cations（sodium and potassium）and stool osmolality. If the measured osmolality is little more than the sum of the cations multiplied by two（to allow for the unmeasured anions），then the patient has a secretory diarrhoea. In contrast，if there is a significant osmolar gap then there must be another solute in the stool. Unfortunately this test may be unreliable if the volume of stool is less than 500 to 600 mL per day.

2. Constipation：The mode of presentation ranges from the acute onset of colonic obstruction to a lifelong disability. In taking a clinical history it is important to determine exactly what the patient means by constipation. A relatively sudden change in bowel habit without any significant change in dietary habit or medication suggests an organic disorder. A desire to defaecate，especially if associated with colicky discomfort，suggests organic obstruction. Constipation from a young age increasing slowly with time indicates a disorder of normal colonic function，a condition that is much more common in women than men. Some drugs（especially opiates and drugs with anticholinergic activity such as antidepressants），metabolic disorders，and neurological disease must be considered—although in most cases no cause can be established. In women it is also necessary to consider the obstetric history and to consider the possibility of pelvic floor dysfunction. Straining at stool over a prolonged period may lead to rectal prolapse and incontinence and it may be necessary to ask the patient specifically about such symptoms.
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Diagnostic Endoscopy in the Gastrointestinal Tract


Endoscopy has now become the investigation of choice in patients with retrosternal or upper abdominal symptoms where，previously，barium radiology would have been employed. The advantages of detecting grades of inflammation and erosive change，rather than radiologically obvious ulceration，are obvious. Equally，the ability to take samples from the gastrointestinal tract with brush cytology or biopsy greatly enhances the diagnosis，not just in differentiating between benign and malignant ulcers and strictures，but also in assessing degrees of inflammatory change and in detecting dysplasia，for example in Barrett’s esophagus.

Endoscopy will detect esophageal varices in patients with liver disease at an early stage. In the symptomatic patient with liver disease and gastrointestinal bleeding，endoscopy is particularly important as the site of bleeding may be variable and the management very different. Bleeding esophageal varices can be managed endoscopically in a number of therapeutic ways.

In the last 10 years，it has become routine to take gastric biopsies in patients with peptic problems to detect the presence of Helicobacter pylori. The routine use of a simple CLO test，where mucosal biopsies are inserted into gelatine well containing a colouring agent that turns yellow to red in the presence of Helicobacter urease，will be satisfactory. In some patients，gastric biopsies are necessary in this situation for culturing the bacteria to ascertain sensitivity in patients with infection resistant to multiple eradication therapies. In younger patients where malignant disease is less of a concern，serum，faecal，or breath test analysis is an acceptable alternative to establishing Helicobacter infection and thus such patients could be treated initially without endoscopy and gastric biopsy.

Most gastric cancers are diagnosed when the patient is symptomatic and thus the finding of a mucosal cancer is rare. Most lesions are straightforward to diagnose endoscopically and biopsies are usually confirmatory. Cancers that infiltrate the wall of the stomach below the mucosa are difficult to diagnose endoscopically as endoscopic biopsies are usually quite superficial. In this situation a “double punch” type technique is useful，where a second biopsy is taken from the deeper submucosa through the small defect of the first biopsy. “Linitis plastica” is difficult to assess endoscopically，particularly where Buscopan may have been used routinely to inhibit peristalsis at the start of the endoscopy. In such patients，a barium meal may help in the diagnosis by showing the lack of gastric motility.

Small bowel endoscopy（enteroscopy）：For many years，routine upper gastrointestinal endoscopes were not of sufficient length to pass beyond the duodenojejunal flexure into the small bowel. Enteroscopes are now made that can be advanced under direct vision down the upper small intestine or，alternatively，a thinner endoscope is allowed to pass down the small bowel spontaneously and then the bowel lumen is visualized on withdrawal. Such endoscopic procedures are lengthy and difficult and will not necessarily view the entire small bowel. A more comprehensive view is sometimes obtained，particularly in the hunt for obscure bleeding lesions，by passing a standard upper gastrointestinal endoscope up and down the small intestine through small enterotomies at the time of laparotomy，with a surgeon concertinering the small bowel over the shaft of the endoscope. Recently a video capsule has been developed which，when swallowed，transmits a good view of the entire small bowel during transit through the gut.

The rather lengthy，tedious，and unpredictable techniques of small bowel biopsy using a Crosby capsule have been largely superseded by routine upper gastrointestinal endoscopy with biopsies from the distal duodenum. Such biopsies have been shown to be very representative of the upper jejunal mucosa. This technique is now used routinely in the diagnosis of coeliac disease.


Therapeutic Endoscopy in the Upper Gastrointestinal Tract


Gastrointestinal bleeding：Esophageal varices can be injected through the mucosa with ethanolamine oleate under direct vision. Paravasal injection is best avoided as it can lead to secondary bleeding from mucosal ulceration and sometimes later esophageal stricture formation. Endoscopic sclerotherapy can be repeated at weekly or monthly intervals until the varices have been obliterated. Bleeding gastric varices can also be injected but these are more difficult to obliterate. More recently，endoscopic banding techniques have been employed，both in the acutely bleeding patient and the chronic situation. Single or multiple bands could be put on varices in the oesophagus or，sometimes，in the fundus of the stomach. The addition of thrombin into gastric varices after banding may enhance successful eradication and reduce the risk of bleeding if the bands slip off too early.

Bleeding erosions and ulcers can be injected with dilute adrenaline（1∶10 000）. This may be satisfactorily in reducing bleeding in the short term and can always be repeated if necessary. Endoscopic laser therapy can be employed around a visible vessel in the base of an ulcer. A similar effect can be obtained by the use of multicontact diathermy probes or heater probes. Bleeding vascular abnormalities，such as angiodysplasia，can be treated with thermal probes but more satisfactorily with non-contact laser which does not pull off a coagulum and has the extra benefit of destroying vessels just below the mucosa.

Benign esophageal strictures：Commonly，a peptic stricture above a hiatus hernia secondary to reflux will produce dysphagia but benign strictures due to other causes，such the swallowing of corrosive substances and postsurgical anastomotic strictures，can be treated by the same endoscopic techniques. In the past，bougies of increasing size were passed over a previously endoscopically placed guidewire and the stricture slowly dilated. More recently，high pressure dilating balloon catheters，passed over the wire under radiological screening or directly through the scope under direct endoscopic vision，can be used more efficiently and safely with better patient tolerance.

Achalasia of the cardia can be treated with balloon dilatation using a larger balloon of 30 to 40 mm diameter，where the aim is to rupture muscle fibres to weaken the circular muscle sphincter. Alternatively，botulinum toxin can be injected through the mucosa into the muscle sphincter circumferentially at the time of endoscopy. The improvement in swallowing after this procedure is limited and may need to be repeated every 6 months.

Malignant gastro-oesophageal strictures：Most of patients with non-operable tumours of the stomach or oesophagus producing dysphagia are palliated by the insertion of some sort of oesophageal stent. By and large，silicone rubber prostheses have been replaced by self-expanding metal stents which can be very easily and safely placed through a malignant stricture without the need for prior dilatation，thus reducing the risk of perforation. Most of these stents now have a membrane to prevent tumour ingrowth through the mesh but this will sometimes occur at one or either end. Such tumour overgrowth can be treated with endoscopic laser therapy. Brachytherapy can be given via an endoscopically sited tube through the stricture prior to stenting.

Removal of foreign objects：Most solid objects such as marbles，rings，and coins should pass spontaneously and the need for removing foreign bodies is usually because they are sharp and may cause damage if left in situ. Most objects can be snared or trapped in a basket and removed intact. Sharp objects can be pulled into a endoscopic overtube to protect the oesophagus during withdrawal.

Polyps and small tumours：Most gastric polyps are entirely benign and do not need removing. Leiomyomas of the stomach or duodenum can be watched if small，but if over 5 cm in size should probably be removed. Often such patients will go directly to surgery but newer endoscopic techniques using submucosal resection can tackle lesions that do not infiltrate beyond the submucosa. Careful prior assessment with endoscopic ultrasound is usually needed to make sure that a small tumour can be technically removed in this way.

Assisted nutrition：There are now many types of enteral feeding tube that can be sited in the upper gastrointestinal tract. Although most fine-bore feeding tubes can be passed on the ward or under radiological control，the prior passage of an endoscopic guidewire into the stomach which is then rerouted through the nose，can allow feeding tubes to be positioned accurately，often through an oesophageal stricture or difficult anastomosis，or positioned in the duodenum in patients with gastric stasis. The endoscopic positioning of a nasojejunal feeding tube，beyond the duodenojejunal flexure，is now becoming a common alternative to intravenous feeding in patients with complicated pancreatitis where “pancreatic rest” is needed.

Techniques for placing a gastrostomy tube endoscopically（PEG）are now simple and straightforward. After transabdominal puncture into a distended stomach under direct endoscopic vision，a PEG tube with diameters from 8FG to 24FG can be pulled back down the oesophagus through the stomach and a flange，balloon，or button will allow the tube to be anchored firmly up against the gastric mucosa. In patients where there is gastric stasis or in pancreatitis，a small jejunal extension tube can be inserted through the PEG and positioned endoscopically into the distal duodenum or beyond the DJ flexure（PEJ）.

Endoscopic ultrasound：Special endoscopes are available with a dual capability of endoscopic and ultrasound imaging. Either a rotating or a fixed linear array transducer will provide an ultrasound image at a point where the endoscopist can accurately direct the probe in the lumen of the oesophagus，stomach，or duodenum. Although CT scanning will stage larger tumours of the upper gastrointestinal tract，pancreas，and bile duct，endoscopic ultrasound is particularly useful in staging small tumours and particularly mucosal tumours. The linear array ultrasound endoscope can be used for needle biopsy of tumours in the wall of the gastrointestinal tract or head of pancreas and sometimes adjacent lymph nodes. Although endoscopic ultrasound is still developing in the United Kingdom，it is used more commonly elsewhere in Europe where gastroenterologists are routinely trained in abdominal ultrasound.
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Peptic ulcers are common：individuals in world populations have a lifetime risk of 1 in 10 of developing an ulcer. They are a major cause of illness and death and are economically important. Research in the field of peptic ulcers initially focused on the elevated secretion of gastric acid in duodenal ulcer disease. Treatments to combat acid progressed from alkaline antacid preparations through histamine H2
 -receptor antagonists，to proton pump inhibitors；maintenance therapy was required because ulcers recurred when the medication was stopped.


Helicobacter Pylori


Our understanding of peptic ulcer disease was radically changed by the discovery of Helicobacter pylori and thereafter its role in gastric and duodenal ulcers. Most patients with ulcers are infected with H. pylori，and eradicating the infection permanently cures the ulcers. Inhabitants of developing countries are also commonly infected with H. pylori，but the prevalence is lower and is falling in regions where better sanitation and hygiene limit transmission.

As Helicobacter is controlled，another ulcerogenic factor has become important. Non-steroidal anti-inflammatory drugs（NSAIDs），often prescribed for musculoskeletal conditions which particularly affect the elderly，lead to ulcers in a population that is less well able to withstand the major complications of haemorrhage and perforation. The chance of dying as a result of a peptic ulcer is currently about a thousand times greater in the elderly than in the young，and peptic ulcers thus remain a challenge to modern medicine.

Bacteriology and transmission of H. pylori：Helicobacter pylori are a Gram-negative microaerophilic bacillus. It uses its spiral shape and four to six flagellae，located at one end，and to move through the gastric mucus layer. It is well adapted to the gastric environment；for example its abundant urease generates alkali by splitting urea into two NH+
 4
 ions and one HCO-
 3
 ion. Indeed H. pylori can only survive on gastric-type mucosa，perhaps because its adhesins bind specifically to certain motifs on gastric cells. It is readily cultured from gastric biopsies on selective media，but transport to the laboratory must be rapid. Transmission is from person to person，often within families. It is unclear whether spread is usually oral-oral or faecal-oral. Infection via drinking water occurs in developing countries. There is no significant animal reservoir. The genomes of several H. pylori strains have been sequenced and vary considerably. Different strains contain different lengths of “cag pathogenicity island”. This is a cassette of genes involved in pathogenicity，plus the gene cagA. The presence of antibodies to cagA protein in a patient reflects the presence of the island，and is associated with ulcers and cancer. Variations in the gene vacA that encodes the H. pylori vacuolating toxin also appear to influence the likelihood of these consequences of infection.

Diagnosis of H. pylori infection：Three methods can be used to detect H. pylori in gastric biopsies：

1. The biopsy urease test depends on the the ability of the bacterium to generate alkali.

2. H. pylori bacteria are readily detected histological using special stains.

3. Bacterial culture allows the antibiotic sensitivity of the patient’s strain to be determined.

Two tests allow H. pylori to be diagnosed without endoscopy：

1. Serology is accurate and convenient but remains positive for several months after successful eradication，and is not useful for determining whether eradication has been successful.

2. The urea breath test：The patient drinks a solution of urea containing carbon atoms labelled with 13
 C or 14
 C. Labelled CO2
 ，generated by bacterial urease，can be detected in the breath by mass spectroscopy or radioactive counting if the infection is present. This test is ideal for testing the success of eradication，if this is required.

Factors that determine the accuracy of the diagnostic tests：These tests are all quite accurate but can give incorrect results under certain circumstances：all except serology can give false negative results if the patient has received antibiotics during the past month. Also，the bacterium tends to move from the antrum to the proximal stomach when proton pump inhibitors are given. Biopsies should then be taken from the proximal gastric mucosa as well as the antrum. Proton pump inhibitors can inhibit H. pylori’s urease，which can affect results based on this enzyme. Serological tests remain positive for up to a year after the infection has been eradicated.


Disease Associations of H. pylori Infection


Gastritis：This was noted to occur in subjects who were accidentally or experimentally infected with the bacterium. A first infection is followed by a period of low or absent acid secretion，which lasts for weeks or months and which was called “epidemic achlorhydria” before the cause was discovered. Before H. pylori were identified，it was well known that patients with duodenal ulcers have antral gastritis，whilst those with gastric ulcers and gastric cancer have pangastritis. H. pylori clearly contribute to the gastritis associated with these diseases because the inflammation resolves when the infection is eradicated. H. pylori gastritis is typically “chronic superficial”，meaning that lymphocytes and macrophages are located superficially. Infiltration with neutrophils “activity” is variable. Prolonged infection predisposes to mucosal atrophy in which the number of chief and parietal cells in the gastric mucosa falls. Atrophy may then proceed to intestinal metaplasia in which the gastric epithelium is replaced with one resembling small or large intestine. The inflammatory response may diminish or even eradicate the infection by reducing acid secretion and the number of gastric cells to which H. pylori can adhere. Inflammatory mechanisms in H. pylori gastritis have been studied in detail because of their role in the pathogenesis of ulcers and cancer and their relevance to vaccine development. This topic is beyond the scope of this chapter. Briefly，H. pylori bacteria remain extracellular but induce gastric epithelial cells to express class molecules and chemokines such as IL-8. These recruit and activate inflammatory cells that express diverse inflammatory mediators including tumour necrosis factor-a，and products such as reactive oxygen species. H. pylori gastritis cannot be diagnosed on the basis of endoscopic appearance alone because the mucosa usually either looks normal or mildly reddened.

Duodenitis：Some individuals develop patches of metaplastic gastric mucosa in their proximal duodenum. This change depends on the rate of gastric acid secretion，being abundant in the Zollinger-Ellison syndrome and absent in pernicious anaemia. Gastric metaplasia is important because it allows H. pylori to colonize the duodenum leading to duodenitis. This can be erosive and increases the risk of chronic duodenal ulceration.

Gastric cancer：The World Health Organization has classified H. pylori as a gastric carcinogen. Infection is associated with an approximately eightfold increased risk of gastric cancer. Eradication of H. pylori from Japanese patents with early gastric cancer greatly diminished the risk of recurrent cancer after endoscopic resection. Gastric cancer is beyond the scope of this chapter but bears on the question of whether to eradicate H. pylori from individuals without ulcers—an issue which is currently unresolved.


Treatment of H. Pylori Infection


Following 1-week triple therapies are recommended because they provide the best combination of efficacy and convenience：Proton pump inhibitor twice daily plus amoxicillin 1000 mg twice daily plus clarithromycin 500 mg twice daily. Proton pump inhibitor twice daily plus metronidazole 400 mg thrice daily plus clarithromycin 500 mg twice daily. The proton pump inhibitor can be either omeprazole 20 mg twice daily or lansoprazole 30 mg twice daily. An H2
 antagonist，such as cimetidine，or an antibacterial agent such as bismuth citrate 400 mg twice daily can be used instead of the proton pump inhibitor.

Whether eradication therapy has been successful or not can be determined by the urea breath test，but this must be performed at least 4 weeks after the end of the eradication regimen to avoid false negative results. Patients must be retested if persistent infection would be hazardous，for example after haemorrhage of an ulcer，but this is unnecessary if symptoms from an uncomplicated ulcer have disappeared.

Other factors which increase the risk of peptic ulceration：Cigarette smoking strongly predisposes to peptic ulceration. This may be because nicotine stimulates acid secretion and reduces mucosal blood flow，but eradication of H. pylori prevents the ulcerogenic effect. A moderate alcohol intake is not harmful and might even decrease the risk of duodenal ulceration. Duodenal ulceration is considerably more common in patients with cirrhosis or chronic pancreatitis，presumably because bile and pancreatic juice normally neutralize gastric acid when it enters the duodenum. It is usual to recommend a ‘bland’ diet in ulcer disease but no particular food is known to increase the risk of duodenal ulcer disease. Indeed the traditional Japanese diet，high in salt，pickles，and raw fish，may contribute to the low prevalence in Japan of duodenal ulcer disease and the high prevalence of gastric ulcers and cancer by causing corpus gastritis，which diminishes acid secretion. Hyperparathyroidism increases the prevalence of duodenal ulcer disease. Elevated circulating calcium concentrations stimulate gastrin release，and parathyroid tumours are associated with gastrinomas in the multiple endocrine neoplasia-1 syndrome.


Duodenal Ulcers


Pathology：In duodenal ulcer disease the duodenum contains patches of gastric metaplasia colonized by H. pylori bacteria leading to infiltration with lymphocytes and neutrophil polymorphs. The ulcer itself consists of a breach in the epithelium with ulcer slough，inflammatory cells，and varying amounts of collagen scar in the base.

Clinical presentation：Duodenal ulcers typically present with pain that is dull and located in the epigastrium or to the right of it over the duodenum itself. It is characteristically relieved by eating，and then gets worse when the stomach empties. The pain usually wakes the patient from sleep in the middle of the night and is relieved by eating food，drinking milk，or taking an alkali preparation（antacid）. Night pain is due to high nocturnal acid secretion without the buffering effect of food. The pain is also episodic with exacerbations lasting a few weeks separated by pain-free periods. These last for several weeks or months and probably reflect spontaneous healing of the ulcer. Pain radiating to the back suggests a posterior penetrating ulcer. Note that many ulcers do not cause pain and present with bleeding. This is particularly likely in the elderly，or if the patient is taking NSAIDs. Patients with duodenal ulcer often have other symptoms such as retrosternal burning and acid regurgitation. Nausea and vomiting are unusual and appetite is preserved. Persistent vomiting suggests pyloric stenosis. Symptoms resulting from other complications are described below.

Differential diagnosis：Gastro-oesophageal reflux disease also causes pain when the patient is in bed but patients usually notice an acid taste in the mouth or burning in the chest. Pancreatic pain typically radiates to the back，is exacerbated by eating，and is relieved by leaning forwards. Gallstone pain tends to be colicky and is exacerbated by eating fat. Pain due to the irritable bowel syndrome can occur in the epigastrium and be affected by eating but it usually extends to the lower abdomen and is typically affected by defaecation. Duodenal ulceration seen at endoscopy is usually due to H. pylori but NSAIDs，Crohn’s disease，and the Zollinger-Ellison syndrome need to be considered，particularly if H. pylori are absent or if ulceration persists after it is eradicated.

Diagnosis of duodenal ulceration：Duodenal ulcers are diagnosed most accurately by endoscopy. Antral biopsies can be tested for H. pylori and local treatment can be applied if the ulcer is bleeding. Between episodes of ulceration the duodenum may show scarring or deformity. The presence of duodenitis also provides a clue to the diagnosis. High-quality double-contrast barium radiology is only slightly inferior. If an ulcer is seen，the likelihood of H. pylori infection is about 90 percent—which is sufficient to justify treatment.


Gastric Ulcers


Gastric ulcers are important because they cause ill health，bleed and occasionally perforate，and because they are sometimes difficult to distinguish from gastric cancers. Most are associated with H. pylori infection and eradicating the bacterium greatly diminishes recurrence of ulcers，which demonstrates the causative role of the bacterium. Most other chronic gastric ulcers are associated with ingestion of NSAIDs.

Pathogenesis：Ulceration occurs when luminal aggressive factors overcome mucosal defence. Suppression of acid accelerates healing of gastric ulcers so acid clearly contributes，but rates of acid secretion are normal or slightly below normal in these patients so acid cannot be regarded as the main cause. The duodenogastric reflux is increased in patients with gastric ulcers，and the refluxed fluid weakens the mucosal barrier. H. pylori might cause ulceration directly by releasing a toxin such as its vacuolating toxin. Alternatively products of the inflammatory cells that it attracts，such as oxygen radicals or proteolytic enzymes，might compromise mucosal integrity. The hydrophobic barrier of the mucosa is impaired in H. pylori infection. Non-steroidal anti-inflammatory drugs cause ulceration largely through inhibiting the production by cyclo-oxygenase-1 of protective prostaglandins in the gastrointestinal tract. In future this can be avoided by using highly selective inhibitors of cyclo-oxygenase-2，such as celecoxib and refecoxib. This is the isoenzyme that is involved in the inflammatory diseases for which these drugs are used.

Clinical features：Patients with chronic gastric ulcers tend to be over 40 years old and from lower socio-economic groups. Epigastric pain is the most frequent symptom. It occasionally radiates to the back if the ulcer is located posteriorly. Food or antacids usually relieve it. It typically occurs in exacerbations lasting for several weeks with symptom-free periods in between. Night pain occurs in a minority of patients with gastric ulcer compared with most of those with duodenal ulcers. Gastric ulcers quite often produce nausea，anorexia，or weight loss suggestive of gastric cancer. Some patients vomit，but many ulcers have no symptoms until the patient presents with haemorrhage，and in practice one cannot reliably distinguish between these diseases on the basis of symptoms. Most patients with epigastric pain have non-ulcer dyspepsia or gastro-oesophageal reflux disease，rather than gastric or duodenal ulcers：gallstones can also cause epigastric pain but this tends to be colicky，at the right costal margin，and is exacerbated by fatty food. Pancreatic pain tends to be more constant，radiates to the back，and may be relieved by leaning forward. The differential diagnosis of gastric ulceration includes gastric cancer，lymphoma，Crohn’s disease，syphilis，tuberculosis，and sarcoidosis. Importantly，gastric cancers occasionally produce ulcers that resemble simple peptic ulcers and these can heal when acid secretion is suppressed；further confusion may arise because biopsies from the ulcer edge do not always contain malignant cells.

Laboratory diagnosis：Histological examination of a chronic gastric ulcer shows a breach in the gastric mucosa that penetrates the muscularis mucosae. The base is composed of chronic inflammatory cells，and slough and fibrous tissue in varying proportions. The edge of the ulcer shows evidence of increased proliferation. The surrounding gastric epithelium may show H. pylori gastritis or chemical gastritis caused by NSAIDs or bile reflux.

Cancer is excluded by examining multiple biopsies from the edge of the ulcer. H. pylori is sought as described above，but biopsy-based methods are prone to give false negative results because the stomachs of these patients typically contain areas of atrophy or intestinal metaplasia which are not colonized by the bacterium.


Complications of ulcer disease


1. Haemorrhage：Haemorrhage remains a challenging problem and is the main cause of death from peptic ulcers. Blood loss may be slow and present as unexplained anaemia but more typically presents acutely with haematemesis or melaena or both with varying degrees of hypovolaemic shock. Such cases should be managed jointly by physicians and surgeons from the outset. Older patients need particular attention because they are much more vulnerable to the effects of hypovolaemia. Immediate action should be directed to the correction of circulatory shock by blood transfusion. Further transfusion may be required to keep the patient’s haemoglobin level above 10 g/dL. Disorders of coagulation，pre-existing or due to transfusion，should also be corrected. Endoscopy is performed，preferably after the patient’s condition has stabilized，to define the source of bleeding and to apply endoscopic treatments. Ulcers which are actively bleeding or show stigmata，such as adherent clot or a visible vessel，which make further bleeding likely can be treated with lasers，heater probes，or local injection of adrenaline. Rebleeding is an indication for surgery. After the acute episode，it is important to attend to the cause of the ulcer. Eradication of H. pylori，if it is present，greatly diminishes the frequency of further episodes of bleeding in future，but this is a measure that is frequently overlooked. Non-invasive tests can be used to diagnose the infection if biopsies were not taken at the time of endoscopy during the acute bleeding. NSAIDs are contraindicated after haemorrhage from NSAID ulcers. It is generally unnecessary to give long-term prophylaxis if the cause of ulceration has been removed，but this may be advisable if the patient is elderly，frail，or does not have rapid access to hospital.

2. Perforation：Ulcer perforation typically presents with a sudden onset or worsening of pain with considerable abdominal tenderness followed by the onset of peritonitis with board-like rigidity，rebound tenderness，and loss of bowel sounds. Gas in the peritoneum may lead to loss of liver dullness to percussion，and is usually visible beneath the diaphragm on erect chest radiograph. The patient is unwell with tachycardia，leucocytosis，and sometimes fever. The differential diagnosis includes acute pancreatitis，acute cholecystitis，and other causes of an acute abdomen such as gut infarction or perforation of other organs. The patient is resuscitated with intravenous fluids and antibiotics before transfer to theatre for repair of the perforation. Note that perforation，like other abdominal emergencies，may have a less specific presentation in the elderly，who may collapse or suffer confusion rather than the characteristic pain. Again，once the acute event has been dealt with，it is important to identify and treat the cause of the ulcer.


Treatments for peptic ulcer disease


1. Antacids：Alkalis provide temporary symptomatic relief of pain in peptic ulcer disease but do not accelerate healing compared with placebo unless very large quantities are given. They usually contain the alkaline salts or hydroxides of magnesium or aluminium. Those based on magnesium are laxative and those based on aluminium tend to cause constipation. Some preparations contain mixtures of magnesium and aluminium to overcome this. Some preparations contain alginate which forms a flocculent raft on the gastric contents to reduce the effects of bile and acid reflux and protect the oesophageal mucosa.

2. Bismuth preparations

Tripotassium dicitratobismuthate：This bismuth complex acts mainly by suppressing H. pylori infection. It also has a protective effect on the mucosa，probably by stimulation of the synthesis of mucosal prostaglandins. Tripotassium dicitratobismuthate heals gastric and duodenal ulcers about as effectively as histamine H2
 -receptor antagonists. It produces longer remissions of duodenal ulcer disease than do H2
 antagonists. This is probably because of its effect against H. pylori and because it remains in the gastric mucosa for several weeks after treatment. Currently tripotassium dicitratobismuthate is chiefly used as a component of second-line Helicobacter eradication regimens. Bismuth preparations cause black stools—not to be confused with melaena. The bismuth content of tripotassium dicitratobismuthate is quite low. In the past “epidemics” of bismuth encephalopathy occurred in Europe after patients ingested large amounts of other preparations containing unchelated bismuth. Tripotassium dicitratobismuthate only causes this complication if patients with impaired renal function take excessive doses for long periods.

Ranitidine bismuth citrate：This complex contains bismuth and the histamine H2
 -receptor antagonist ranitidine. It can be used to treat duodenal ulceration associated with H. pylori infection. However，its main role is as a component of some highly effective H. pylori-eradication regimens（see above）. It is contraindicated in moderate to severe renal failure and is not used for maintenance therapy since it may cause bismuth encephalopathy. It darkens the stools and can cause a black tongue.

3. Sucralfate：Sucralfate is a complex of aluminium hydroxide and sulphated sucrose，the properties of which include protection of the mucosa and ulcer healing. It is a weak antacid and may act by stimulating the synthesis of mucosal prostaglandins. It also binds bile salts. It is about as effective as histamine H2
 -receptor antagonists at healing gastric and duodenal ulcers，but this role has now largely been taken over by proton pump inhibitors and H. pylori eradication. Currently sucralfate is mainly used in the prophylaxis of acute erosive gastritis in severely ill patients . Side-effects are few but include mild constipation. It is to be avoided in patients with renal failure who occasionally develop aluminium toxicity.

Misoprostol is a synthetic prostaglandin that increases the resistance of the stomach and duodenum to damage. Mechanisms include increased blood flow and secretion of mucus and bicarbonate. Misoprostol also mildly inhibits acid secretion. It accelerates healing of gastric and duodenal ulcers but this role has largely been taken over by proton pump inhibitors which are more effective，and by H. pylori eradication. The main use of misoprostol is in the prevention of gastroduodenal damage by NSAIDs，when these have to be given. The idea of replacing prostaglandins，the production of which is blocked by inhibitors of cyclo-oxygenase，is elegant，but this role has largely been taken over by proton pump inhibitors that are more effective and are about equally priced. The main side-effect of misoprostol is diarrhoea. This can be severe but is less likely if single doses do not exceed 200 μg. This is taken two to four times daily for prophylaxis. Note that misoprostol can induce abortion，so it should be avoided in women of childbearing age.

4. Histamine H2
 -receptor antagonists：Secretion of gastric acid is normally stimulated by histamine，released from enterchromaffin-like cells in the gastric mucosa and acting on histamine H2
 receptors on parietal cells. Histamine H2
 -receptor antagonists inhibit acid secretion by blocking this receptor. During the 1980s these drugs provided optimal treatment of peptic ulcer disease before being superceded by proton pump inhibitors and H. pylori eradication in the 1990s. However，they remain useful and are currently much less expensive. They are of use in non-ulcer dyspepsia and milder cases of gastro-oesophageal reflux disease. They protect the duodenum，but not the stomach，from ulceration due to NSAIDs. These drugs are not effective in haematemesis and melaena. Protection against acute erosive gastritis has not been shown consistently in trials. The four H2
 antagonists are cimetidine，ranitidine，nizatidine，and famotidine；but only the first two of these are widely used，largely due to the effects of marketing rather than to any differences in efficacy. Compared with ranitidine，cimetidine is less expensive，but it interacts with the metabolism of warfarin and anticonvulsants；it may cause mental confusion in the elderly.

5. Proton pump inhibitors：These drugs act by inhibiting the hydrogen/potassium adenosine triphosphatase enzyme system（H+
 /K+
 ATPase or “proton pump”）which pumps acid into the gastric lumen. They are prodrugs which are weak bases that are taken up into the acidic spaces in parietal cells，where the low pH creates a sulphenamide that is hydrophobic and therefore cannot diffuse away. The drug then forms disulphide bonds with cystine residues in the alpha chain of the proton pump，leading to its irreversible inactivation. Acid secretion is only restored when the cell synthesizes new proton pump protein. So these drugs are longer acting than H2
 antagonists even though they are cleared rapidly from the circulation. Once-daily dosing is satisfactory in most cases. Proton pump inhibitors are considerably more effective at preventing and healing gastro-oesophageal reflux disease than any other class of drug. In peptic ulcer disease their therapeutic advantage is smaller but significant.

The main side-effects are diarrhoea and headache. The former may be less frequent with omeprazole than lansoprazole. Proton pump inhibitors can interact with the metabolism of other drugs including anticoagulants and anticonvulsants. Antacids and sucralfate impair absorption of lansoprazole.

Prevention and control：H. pylori infection will diminish worldwide if its transmission can be diminished by public health measures. Immunization has been shown to be effective in animal models but a human version is still some way off. Mass eradication is not a serious option due to the cost and the risk of generating antibiotic resistance. NSAID-associated ulceration is diminished by a policy of not using these drugs in non-inflammatory arthritis，and by using cyclo-oxygenase-2-selective drugs.











38 Cirrhosis






Cirrhosis is a consequence of chronic liver disease characterized by replacement of liver tissue by fibrous scar tissue as well as regenerative nodules leading to progressive loss of liver function. Cirrhosis is most commonly caused by alcoholism，hepatitis B and C and fatty liver disease but has many other possible causes. Some cases are idiopathic，i.e.，of unknown cause.Ascites（fluid retention in the abdominal cavity）is the most common complication of cirrhosis and is associated with a poor quality of life，increased risk of infection，and a poor long-term outcome. Other potentially life-threatening complications are hepatic encephalopathy（confusion and coma）and bleeding from esophageal varices. Cirrhosis is generally irreversible once it occurs，and treatment generally focuses on preventing progression and complications. In advanced stages of cirrhosis the only option is a liver transplant.
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Fig.38-1 Cirrhosis with ascites




Clinical Features


Ascites is graded 1 to 3 depending on its severity. Grade 1 ascites is mild，and only detectable by ultrasound examination. Grade 2 ascites is moderate，and is manifest by moderate symmetrical distension of the abdomen；whereas grade 3 ascites is large or gross，with marked abdominal distension. A grade 2 ascites is most easily detected by a shifting dullness. Grade 3 ascites is usually tense and easily detected by the presence of a fluid thrill on palpation. There is often divarification of the rectus abdomini muscles，and prominent veins may be evident on the abdominal wall. Paraumbilical hernias develop in about 20 percent of patients with ascites，an incidence that increases to up to 70 percent in those with long-standing recurrent tense ascites. The main risks are rupture and strangulation. Pleural effusions（hepatic hydrothorax）develop in about 5 percent of patients with cirrhosis. Hepatic hydrothorax may develop in patients with no discernible ascites. The pleural effusions are right-sided in 85 percent of cases，left-sided in 13 percent and bilateral in 2 percent of cases.


Laboratory Diagnosis


The essential investigations on admission of a patient to hospital include：

Serum urea and electrolyte concentrations—patients with ascites due to cirrhosis are prone to hyponatraemia or renal impairment，either spontaneously or following diuretic therapy.

Ascitic aspiration with microscopy，determination of albumin or protein content，culture，cytology，and amylase measurement should be performed to confirm or exclude spontaneous bacterial peritonitis，tuberculosis，malignancy，or pancreatic disease. A Gram stain is usually uninformative.

Ultrasound scans are needed to evaluate liver appearance（nodular and cirrhotic）or congested ［for example，congestive cardiac failure（CCF）］，as well as blood flow in the portal vein（to exclude the portal vein thrombosis that occurs in 8 percent of patients with cirrhosis，and which may precipitate hepatic decompensation），a semi-quantitation of the amount of ascites，and the presence of tumour in the liver or other masses.

Paracentesis：An ascitic tap is used for either diagnostic purposes or for the therapeutic removal of large volumes of ascites. The most common site for aspirating ascites is about 15 cm lateral to the umbilicus，with care being taken to avoid an enlarged liver or spleen. The epigastric arteries run just lateral to the umbilicus towards the mid-inguinal point and should also be avoided.For diagnostic purposes，between 20 and 50 mL of ascitic fluid should be withdrawn，and 3 to 5 mL placed under aseptic conditions（i.e. the needle changed）into each of two blood culture bottles.


Treatment



Bed rest：
 Bed rest is probably of no benefit in patients with a preserved renal function，as indicated by a serum creatinine concentration of less than 125 μmol/L and a good initial response to diuretics. However，there is data to suggest that it may be beneficial in those with a poor response to diuretics，but further studies are required.


Dietary salt restriction：
 There is a general consensus that dietary salt restriction is important in the management of patients with cirrhosis and ascites. However，it is important to maintain an adequate level of nutrition in patients with cirrhosis. Therefore it is generally agreed that sodium intake should be restricted to less than 90 mmol/day，which in effect amounts to a “no added salt” diet with avoidance of preprepared meals. It is also generally agreed that salt restriction should be an adjunct to diuretic therapy，and that it is rarely effective alone.


Diuretics：
 Since they first became available，diuretics have been the mainstay of the treatment of ascites. Diuretic dosage should be increased stepwise if there is an insufficient diuretic response，as defined by a weight loss of less than 1 kg in the first 7 days and/or 2 kg every 7 days thereafter，until the ascites is adequately controlled. The safe upper limit of the rate of weight loss is contentious. However，most experts agree that，in clinical practice，the diuretic dose should be adjusted to achieve a rate of weight loss below an average of 500 g per day in patients without peripheral oedema or 1 kg per day in those with peripheral oedema. Best practice is to add a loop diuretic（furosemide 40 mg/d）once a patient fails to respond to the equivalent of 200 mg spironolactone per day.

1. Spironolactone：Spironolactone is an aldosterone antagonist，acting mainly on the distal tubules to increase natriuresis and conserve potassium. In a controlled study comparing the efficacy of spironolactone in 40 non-azotaemic patients with ascites who were excreting less than 12 mmol of sodium/day，18 of 19 patients responded to spironolactone alone，whereas only 11 of 21 patients responded to furosemide alone. Most patients responding to spironolactone required 150 mg/d，and a few required 300 mg/d. In all cases diuresis occurred by the third day. For those given furosemide，most responders required 80 mg/d，but a few required 160 mg/d. Furosemide was associated with a decrease in the serum potassium concentration，which necessitated potassium supplementation. In those given spironolactone，serum potassium concentrations increased appreciably. The side-effects of spironolactone include gynaecomastia，hyponatraemia，hyperkalaemia，impotence，menstrual disturbance（although most ascitic patients are amenorrhoeic），and osteomalacia.

2. Furosemide：Furosemide is a loop diuretic that causes a marked natriuresis and diuresis in normal subjects. Its efficacy compared with spironolactone is discussed above. In normal subjects it has a half-life of about 75 min，increasing to about 130 min in patients with cirrhosis. It is generally used as an adjunct to spironolactone treatment and has poor efficacy when used alone in cirrhosis. This is probably because there is salt retention in the distal tubules in the subset of patients with high plasma aldosterone concentrations. Furosemide should be used in a dose not exceeding 160 mg/d；its use is associated with severe electrolyte disturbance，and therefore should be prescribed cautiously.


Role of angiotensin-converting enzyme（ACE）inhibitors：
 The therapeutic effect of ACE inhibitors is attractive since they directly target the system involved most intimately with salt and water retention. However，the acute administration of either captopril or enalapril may cause an acute fall in blood pressure. Some studies have suggested that in patients with ascites，the chronic administration of enalapril suppressed plasma aldosterone levels and increased urinary sodium excretion and glomerular filtration rate（GFR），as well as increasing urinary prostaglandin（PG）E2
 and 6-oxo-PGF1a. Recent studies have suggested that low doses of ACE inhibitors may enhance salt excretion，but they should be used very carefully.


Treatment of patients with severe liver dysfunction：
 Patients with endstage liver disease often have subclinical renal impairment，with a typical GFR of around 60 mL/min. For patients with alcoholic liver disease with or without alcoholic hepatitis，the presence of ascites does not generally affect the clinical outcome，unless the ascites becomes a focus for infection. Up to 90 percent of patients dying from alcoholic hepatitis develop renal failure. For those with alcoholic hepatitis that resolves spontaneously or with treatment，the ascites usually improves as salt and water excretion increase with improvement of the liver disease. Most patients with severe liver failure have been excluded from clinical studies assessing the efficacy of diuretics or paracentesis. It is recommended that extreme caution is exerted when trying to diurese patients with endstage liver disease. It is probably safer to paracentese such patients rather than give potentially nephrotoxic drugs，although few studies have been conducted in such patients.











39 Crohn’s Disease






Crohn’s disease is a chronic inflammatory disease of the gastrointestinal tract，the cause of which remains unknown. It is characterized by a granulomatous inflammation affecting any part of the tract，frequently in discontinuity，and by the tendency to form fistulas.


Etiology


The cause of Crohn’s disease is unknown but clearly involves an interplay between genetic and environmental factors. The latter include smoking and intestinal luminal factors. There is a relative risk of 4 to 6 for Crohn’s disease in smokers compared with non-smokers，which is in striking contrast to the reverse association seen in ulcerative colitis. Whether smoking predisposes to Crohn’s disease by altering mucosal blood flow，synthesis of mucus or by an effect on endothelial cells is unknown. The role of luminal factors is suggested by the tendency of Crohn’s colitis to heal if the colon is rendered non-functional by an ileostomy and by the effectiveness of an elemental diet for the treatment of active disease. Other mechanisms may contribute to the pathogenesis and include diet，infective agents，ischaemia，and immune mechanisms. Likewise there are no confirmatory data that Mycobacterium paratuberculosis is involved in disease pathogenesis.


Pathology


Crohn’s disease may occur anywhere in the gastrointestinal tract，although the most common pattern is an ileocolitis. The disease is often discontinuous，giving rise to the so-called skip lesions. Isolated involvement of the mouth，oesophagus，stomach，and anus is recognized but such cases are extremely rare. Macroscopically the bowel is thickened and frequently stenosed. The serosal surface may be inflamed and the mesentery becomes oedematous. The regional mesenteric nodes are usually enlarged. The earliest macroscopic lesion on the mucosal surface is an aphthoid ulcer—a small，superficial lesion often surrounded by hyperaemia. In areas of more severe disease，deep，fissuring ulcers occur in the oedematous and inflamed mucosa，giving rise to a cobblestone pattern. Long，serpiginous ulcers are a further characteristic feature. Strictures occur as a result of submucosal fibrosis and，because of serosal inflammation；the affected intestine may become adherent to adjacent loops of intestine or other structures（such as the bladder or vaginal vault）with the subsequent formation of fistulas.

Histologically，the inflammation is transmural and consists principally of lymphocytes，histiocytes（tissue macrophages），and plasma cells. Granulomas are found in only 65 percent of patients and they occur more commonly the more distal the disease；that is，they are present in most cases with rectal disease but are much less common in ileal disease. The granulomas appear to be in the walls of either blood vessels or lymphatics. The mucosal architecture is well preserved despite heavy inflammation and，in the colon；goblet cells are usually present even though the glands are being infiltrated with inflammatory cells. Fissures，penetrating into the submucosa and lined with histiocytic cells，are frequently present.

Quantitative histological and enzyme studies have suggested that the whole of the gastrointestinal tract is abnormal in patients with Crohn’s disease even though only one segment may be overtly involved at any one time.

Immunofluorescent and immunoperoxidase studies have shown a large increase in IgG- and IgM-containing cells with a smaller rise in IgA-containing cells. Even in quiescent disease，the IgG- and IgM-containing cells appear to be increased compared with the normal intestine.


Symptoms


The manifestations of Crohn’s disease are protean and are partly determined by the anatomical location of the disease. The majority of patients complain of diarrhoea（70 to 90 percent），abdominal pain（45 to 66 percent），and weight loss（65 to 75 percent）. Fever is also common（30 to 49 percent）. Obstructive symptoms（colic，vomiting）are much more commonly associated with ileal disease than colonic Crohn’s disease. Colonic disease causes rectal bleeding more commonly than ileal disease，but even so，it is present in only about 50 percent of patients with Crohn’s colitis. Colonic disease is also associated with perianal disease（in about one-third of patients）and with extraintestinal manifestations，which are not commonly seen when the disease is confined to the ileum. Symptoms of anaemia are common and usually occur as a result of iron deficiency from intestinal blood loss or，less frequently，from vitamin B12
 or folate deficiency. Other features of malabsorption are infrequent，but in patients with extensive small-bowel disease，symptoms and signs of osteomalacia may occur and there may be a bleeding tendency secondary to vitamin K malabsorption. Nutritional deficiencies may also be present，for example deficiencies of magnesium，zinc，selenium，ascorbic acid，and the B vitamins，but these are uncommon and are usually only seen in patients with diffuse small-intestinal disease.

A few patients present with the clinical features of acute appendicitis but at operation they are found to have an acute terminal ileitis. Only a minority of these prove to be due to Crohn’s disease. Diagnostic difficulties may also occur when the disease presents without gastrointestinal symptoms. These include patients presenting with fever，weight loss，and anaemia without diarrhoea or abdominal pain，and those with ileocaecal disease presenting with urinary frequency and dysuria due to ureteric involvement.


Physical Examination


Physical examination may be normal but many patients will show evidence of anaemia. Glossitis and aphthous ulcers in the mouth，beaking or frank clubbing of the nails，evidence of weight loss，and a tachycardia are common features. Abdominal examination usually reveals tenderness over the affected bowel，which can often be felt to be thickened. An abdominal mass is frequently palpable when small- intestinal disease is present. Anal examination often shows the presence of fleshy skin tags，which have a characteristic violaceous hue. Anal fissures，perianal fistulas，and abscesses are particularly associated with colonic disease.


Radiological Appearances


A plain radiograph of the abdomen should always be obtained in patients with severe disease，together with decubitus films. These are often normal but may show evidence of intestinal obstruction or suggest an inflammatory mass in the right iliac fossa. In acute Crohn’s colitis，evidence of mucosal oedema and ulceration may be clearly seen on the plain films. This appearance could obviate the need for barium studies，which should，if possible，be avoided in the presence of severe，active disease. The plain film can also provide evidence of sacroiliitis or ankylosing spondylitis.
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Fig.39-1 Small-bowel enema demonstrating Crohn’s disease of the terminal ileum with fissure ulcers，ileocaecal fistulas，and partial obstruction.



[image: ]
Fig.39-2 Barium enema showing Crohn’s disease of the colon and terminal ileum. Distal sigmoid，rectum，and a segment of ascending colon are normal. The diseased segments show loss of haustration，shortening，and fissure ulcers.



Radiological examination of the colon is made with a double-contrast barium enema after a thorough but gentle preparation. Characteristically there is rectal sparing but the appearances of Crohn’s colitis are otherwise similar to those described for the small intestine. The barium enema is a good means of showing internal fistulas and fistulas to other organs.

CT scans may be helpful in detecting intra-abdominal abscesses and also thickened loops of intestine. Magnetic resonance scans are particularly useful for visualizing peranal and perirectal fistulas，which often migrate between and through the sphincters and arbonize through the levator muscles.


Endoscopy


Sigmoidoscopy and rectal biopsy should be done in all patients. The rectal mucosa is frequently normal but may show a granular proctitis and occasionally the typical appearances of Crohn’s disease. Nevertheless，histological examination of a rectal biopsy specimen from a macroscopically normal rectum often shows an inflammatory infiltrate，which is often focal and may contain granulomas. The indications for colonoscopy are：（i）to examine the colon and obtain biopsies in suspected cases where the barium enema is normal or equivocal；（ii）to obtain biopsies from strictures；（iii）to obtain biopsies when the differential diagnosis is in doubt；and（iv）to assess activity and extent of disease in symptomatic patients when there is little clinical evidence of activity. A further advantage of colonoscopy is that biopsies can often be obtained from the terminal ileum.

Endoscopically the earliest lesion of Crohn’s disease is a small aphthoid ulcer surrounded by normal mucosa with a normal vascular pattern. This contrasts with the erythema and loss of vascular pattern seen in ulcerative colitis. In more severe disease the mucosa becomes oedematous and is penetrated by fissuring ulcers to give a cobblestone appearance. The ulcers are often linear and may eventually become confluent. A diffusely inflamed，granular，friable，and dark-red mucosa is more typical of ulcerative colitis，although discrete ulceration may occur in severe cases. Pseudopolyps and mucosal bridges occur in both diseases.

Multiple biopsies should be taken，even from apparently normal areas of mucosa，because granulomas may be present，which allows a precise diagnosis to be made.


Laboratory Data


Anaemia is common and is often due to mixed deficiencies. Iron deficiency from intestinal blood loss is the most common cause but serum folate and vitamin B12
 concentrations may also be low. The blood film and mean corpuscular volume may therefore show microcytosis or macrocytosis. Serum ferritin is the best indicator of iron stores in those patients with chronic disease. A neutrophil leucocytosis is usually，but not invariably，associated with active disease and there may also be a thrombocytosis. The total lymphocyte count and the absolute number of circulating T lymphocytes may be reduced.

Hypokalaemia is associated with severe diarrhoea and the plasma urea concentration is often low，reflecting a poor dietary intake of nitrogen. Serum albumin is reduced in the presence of active disease，largely due to down-regulation of albumin synthesis by cytokines such as interleukin 1（IL-1），tumour necrosis factor，and IL-6，but studies using albumin labelled with chromium-51 often demonstrate a protein-losing enteropathy. Serum immunoglobulins are normal or mildly elevated and there may be a rise in the α2
 -globulins. A low serum calcium，when corrected for albumin，is unusual unless there is extensive small-bowel disease，and a low urinary calcium is more likely to reflect a poor diet rather than osteomalacia. Liver function tests are frequently abnormal，usually consisting of mild elevations of the aspartate transaminase and alkaline phosphatase. Persistence of abnormal liver tests suggests associated liver disease and should be investigated by liver biopsy and visualization of the biliary tree. Patients with extensive ileal disease or with ileal stricture may have increased faecal fat excretion. This is usually secondary to bacterial overgrowth rather than loss of absorptive surface，and is compounded by the low circulating pool and increased excretion of bile salts，which is often present in patients with long-standing ileal disease. It is important not to miss magnesium，zinc，and selenium deficiencies，which are occasionally present.


Diagnosis


This may be delayed for several years. Intermittent abdominal symptoms and diarrhoea without systemic symptoms are often labelled as an irritable bowel syndrome. Weight loss，fever，and anaemia without gastrointestinal symptoms are another source of misdiagnosis. The diagnosis of Crohn’s disease in children may be considerably delayed when it presents as failure to thrive or delayed puberty but without gastrointestinal symptoms.

Even when the clinical diagnosis seems sound，all patients must have：（1）stool examination to exclude pathogens；（2）sigmoidoscopy and rectal biopsy—characteristic features（such as granuloma）may often be present in the biopsy specimen even when the mucosa is macroscopically normal；（3）radiographs of the small and large intestine to confirm the diagnosis and establish the extent of the disease；and（4）colonoscopy with multiple biopsies is indicated where the above investigations are equivocal or normal and there are strong clinical reasons for suspecting Crohn’s disease. Colonoscopy should also be done if the differential diagnosis is in doubt or if strictures are present.


Differential Diagnosis


Few patients with an acute ileitis and a clinical picture of acute appendicitis subsequently develop Crohn’s disease. Serological examination helps to diagnose those cases caused by yersinia；the aetiology of the remainder is unknown. The main differential diagnosis of ileal Crohn’s disease is tuberculosis，especially when the disease occurs in patients from areas where intestinal tuberculosis is common. Laparoscopy may be helpful if serosal tubercles are present，as biopsies can be taken from them and cultured. Stool culture and circulating antibodies to mycobacteria are unhelpful. Colonoscopy with multiple biopsy specimens may be helpful. If genuine doubt exists，corticosteroid therapy for Crohn’s disease must be covered with antituberculous therapy. Other differential diagnoses include abdominal lymphoma，α-chain disease，actinomycosis，amyloid，Behet’s disease，and carcinoma of the small bowel.

The major differential diagnosis of Crohn’s colitis is ulcerative colitis. Crohn’s disease should also be considered in patients presenting with proctitis，as 30 percent of patients with ileal Crohn’s disease may have a proctitis and may present in this way. When a segmental colitis occurs，ischaemia，tuberculosis，and lymphoma have to be excluded. Young adults may present with an acute segmental colitis，which is self-limiting. The cause is unknown，although in women，oral contraceptives have been implicated. Crohn’s disease can be overlooked on the barium enema when it occurs in association with severe diverticular disease.As indicated above，Crohn’s disease may have to be considered in the differential diagnosis of a fever with weight loss，malabsorption，and delayed development.


Treatment


The management of Crohn’s disease involves a team approach between physician and surgeon and includes nutritional support，medical therapy，and surgical treatment.

Nutritional support：For most patients，a well-balanced diet should be advised. A low-residue diet should be used for patients with strictures and a low-fat diet may be helpful for those with a steatorrhoea. Some centres claim good long-term results with elimination diets，but the value of this approach for all patients is far from proven. A lactose-free diet is obviously indicated for those with hypolactasia.

Iron and vitamin B12
 deficiencies are common and need to be excluded. In patients with chronic active disease，the serum iron，binding capacity and ferritin may all be low，making it difficult to know whether the anaemia is due to iron deficiency or to chronic inflammation. However，if the serum iron is less than 10 percent of the iron-binding capacity it is reasonable to diagnose iron deficiency and treat accordingly. Many patients are intolerant of oral iron and for these a total-dose intravenous infusion is the best form of treatment. Patients with extensive small-intestinal disease may develop deficiencies of the fat-soluble vitamins（A，D，E，and K）. Deficiencies of folic acid and B vitamins may also occur because of poor dietary intake. Parenteral nutrition is often indicated for seriously ill patients who are being prepared for surgery or who have a short bowel syndrome.


Drug Therapy



Active disease：
 In general，Crohn’s disease is only treated if it is causing symptoms；there is no indication for treatment in asymptomatic patients. Active disease can usually be controlled with corticosteroids，the dose and route depending on the severity of the disease. Severe disease requires admission to hospital and treatment with intravenous prednisolone（60 to 80 mg daily）or hydrocortisone（400 mg daily），together with fluids and electrolytes. Most patients settle within 5 to 7 days and can then be given prednisolone orally（for example 40 mg daily）. Patients with less severe disease can be treated with 20 to 40 mg of prednisolone daily. There is no defined duration of corticosteroid therapy but most patients will have made a good symptomatic response by 4 to 6 weeks；the dose can then be reduced over the next 3 to 6 weeks and finally stopped.

Active disease can also be treated with liquid diets. Elemental diets have been repeatedly shown to be as effective as prednisolone in controlling active Crohn’s disease，but the major problem is one of compliance. Some patients intubate themselves at night with a fine-bore nasogastric tube and feed themselves during sleep. Polymeric diets may be as effective as elemental diets and are certainly more palatable. If an individual patient responds well and is willing to carry on with the diet，it should be continued until symptoms have settled and the laboratory indicators of inflammation have returned to normal. Experience then differs as to the course of the disease once normal food is introduced. Some data suggest that relapse occurs more rapidly than if remission has been achieved by the use of corticosteroids.

There is some evidence that antibiotics can be useful in treating active disease（for example metronidazole，ciprofloxacin，or clarithromycin），but the controlled trials are small and many are only published in abstract. However，they are often indicated to treat bacterial overgrowth，perianal sepsis，or abscesses associated with fistulas. Randomized controlled trials of antimycobacterial regimens have failed to confirm the optimism of anecdotal series.

The role of 5-aminosalicylic acid drugs for treating active disease is unclear. Using high doses of mesalazine（4 g daily），the initial trial showed benefit after 12 to 16 weeks but this has not been confirmed in subsequent trials. Meta-analysis of all trials shows no overall benefit compared with placebo.


Chronic active disease：
 There is good evidence from several trials，supported by meta-analysis，that azathoprine（2.0 to 2.5 mg/kg）or 6-mercaptopurine are effective treatment for steroid-dependent or steroid-resistant disease，although they act slowly and it may take up to 16 weeks before an effect is seen. Furthermore，both drugs are effective maintenance therapy in those patients who respond well. Retrospective studies suggest they maintain their effect over 4 to 5 years without inducing long-term side-effects. About 15 percent of patients are unable to tolerate the drug（mostly because of gastrointestinal symptoms，myalgia，and occasionally hepatitis）. Acute pancreatitis is rare. Bone marrow suppression is also rare and is confined to those who are homozygous for a deletion in the gene encoding the thiopurine methyl transferase enzyme（approximately 1 in 300 of the population）. Interestingly，patients who develop nausea，diarrhoea，or myalgias on azathioprine are frequently able to tolerate 6-mercaptopurine. For patients failing to respond，or who are intolerant of these drugs，methotrexate may induce a response in two-thirds as shown by a clinical trial and by open series. In the trial，25 mg of methotrexate by weekly intramuscular injection was used，but open series suggest a similar response when it is given orally. Recently，monoclonal antibodies to tumour necrosis factor have been developed. Infliximab is now licensed as a single infusion for chronic active disease unresponsive to steroids and immunosuppressants. It is an IgG1
 chimeric antibody containing 75 percent human immunoglobulin. A dose of 5 mg/kg by slow intravenous infusion over 2 h appears to give maximal response and this occurs in about 70 percent of cases. Endoscopic healing can be shown but the response is usually temporary and，after a few months，patients begin to relapse. Side-effects are few（nausea，headaches，and rarely，infusion reactions can occur）but about 12 percent of patients develop antibodies to double-stranded DNA，probably secondary to apoptosis induced by the antibody.

Maintenance of remission：There is no good maintenance therapy for Crohn’s disease. The 5-aminosalicylic acid drugs have very little effect if remission has been induced by medical therapy，although high doses（3 g daily）can delay recurrence following surgical resection. However，eight such patients need to be treated to prevent one recurrence over a 5-year period. As described above，azathioprine and 6-mercaptopurine are effective long-term in steroid-dependent patients who make a good initial response to immunosuppression. Undoubtedly the best maintenance therapy is to stop patients smoking—that is associated with a more benign course and lower recurrence rates following surgical resection.









SECTION Ⅶ Endocrine And Metabolic Disorder




40 Diabetes Mellitus




Definition


Diabetes mellitus is a metabolic disorder characterized by chronic hyperglycemia with disturbances of carbohydrate，fat and protein metabolism resulting from defects of insulin secretion，insulin action，or a combination of both. Type 1 diabetes is due to a lack of endogenous pancreatic insulin production while the increase in blood glucose in type 2 diabetes results from more complex processes. Traditionally，diabetes was diagnosed based on symptoms due to hyperglycemia，but during the last decades emphasis has been placed on the need to identify diabetes and other forms of glucose abnormalities in asymptomatic subjects. Diabetes mellitus is associated with development of long-term organ damage including retinopathy，nephropathy，neuropathy and autonomic dysfunction. Patients with diabetes are at a particularly high risk for cardiovascular，cerebrovascular and peripheral artery disease. Four main etiology categories of diabetes have been identified as diabetes type 1，type 2，other specific types such as Maturity-Onset Diabetes in the Young（MODY）or secondary to other conditions or diseases e.g. surgery and gestational diabetes.


Classification and Pathogenesis



Type Ⅰ DM：
 Although it may occur at any age，type Ⅰ DM most commonly develops in childhood or adolescence and is the predominant type of DM diagnosed before age 30. This type of diabetes accounts for 10% to 15% of all cases of DM and is characterized clinically by hyperglycemia and a propensity to diabetic ketoacidosis（DKA）. The pancreas produces little or no insulin. About 80% of patients with type Ⅰ DM have specific HLA phenotypes associated with detectable serum islet cell cytoplasmic antibodies and islet cell surface antibodies.

In these patients，type Ⅰ DM results from a genetically susceptible，immune-mediated，selective destruction of ＞ 90% of their insulin-secreting cells. Their pancreatic islets exhibit insulitis，which is characterized by an infiltration of T lymphocytes accompanied by macrophages and B lymphocytes and by the loss of most of the cells，without involvement of the glucagon-secreting cells. Cell-mediated immune mechanisms are believed to play the major role in the cell destruction. In addition to the genetic background，environmental factors affect the appearance of type Ⅰ DM. Such environmental factors may be viruses（congenital rubella，mumps，and coxsackie B viruses may incite the development of autoimmune cell destruction）and exposure to cow’s milk rather than maternal milk in infancy（a specific sequence of albumin from cow’s milk may cross-react with islet protein）. Geography may play a role in exposure，as the incidence of type Ⅰ DM is particularly high in Finland and Sardinia.


Type Ⅱ DM：
 Type Ⅱ DM is usually the type of diabetes diagnosed in patients ＞ 30 yr，but it also occurs in children and adolescents. It is characterized clinically by hyperglycemia and insulin resistance. DKA is rare. Although most patients are treated with diet，exercise，and oral drugs，some patients intermittently or persistently require insulin to control symptomatic hyperglycemia and prevent hyperosmolar nonketotic syndrome（HNKS）. The concordance rate for type Ⅱ DM in monozygotic twins is ＞ 90%. Type Ⅱ DM is commonly associated with obesity，impaired glucose tolerance associated with aging is closely correlated with the typical weight gain. Type Ⅱ DM patients with obesity may have normal glucose levels after losing weight.

Type Ⅱ DM is a heterogeneous group of disorders in which hyperglycemia results from both an impaired insulin secretory response to glucose and decreased insulin effectiveness in stimulating glucose uptake by skeletal muscle and in restraining hepatic glucose production . However，insulin resistance is common，and most patients with insulin resistance will not develop diabetes，because the body compensates by adequately increasing insulin secretion. Insulin resistance in the common variety of type Ⅱ DM is not the result of genetic alterations in the insulin receptor or the glucose transporter. However，genetically determined postreceptor intracellular defects likely play a role. The resulting hyperinsulinemia may lead to other common conditions，such as obesity，hypertension，hyperlipidemia，and coronary artery disease.

Genetic factors appear to be the major determinants for the development of type Ⅱ DM，yet no association between type Ⅱ DM and specific HLA phenotypes or islet cell cytoplasmic antibodies has been demonstrated. The pancreatic islets in type Ⅱ DM retain cells in ratios to cells that are not consistently altered，and normal cell mass appears to be preserved in most patients. Pancreatic islet amyloid，resulting from a deposition of amylin，is found in a high percentage of type Ⅱ DM patients at autopsy，but its relationship to the pathogenesis of type Ⅱ DM is not well established.

Before diabetes develops，patients generally lose the early insulin secretory response to glucose and may secrete relatively large amounts of proinsulin. In established diabetes，although fasting plasma insulin levels may be normal or even increased in type Ⅱ DM patients，glucose-stimulated insulin secretion is clearly decreased. The decreased insulin levels reduce insulin-mediated glucose uptake and fail to restrain hepatic glucose production.

Hyperglycemia may not only be a consequence but also a cause of further impairment in glucose tolerance in the diabetic patient（glucose toxicity）because hyperglycemia decreases insulin sensitivity and increases hepatic glucose production. Once a patient metabolic control improves，the insulin or hypoglycemic drug dose is usually lowered. Some cases of type Ⅱ DM occur in young，nonobese adolescents ［maturity-onset diabetes of the young（MODY）］ with an autosomal dominant inheritance. Many families with MODY have a mutation in the glucokinase gene. Impairments in insulin secretion and in hepatic glucose regulation have been demonstrated in these patients.


Symptoms and Physical Examination



DM has diverse initial presentations：
 Type Ⅰ DM usually presents with symptomatic hyperglycemia or DKA. Type Ⅱ DM may present with symptomatic hyperglycemia，but is frequently diagnosed in asymptomatic patients during a routine medical examination or when patients present with clinical manifestations of a late complication. Often following the acute onset of type Ⅰ DM，there is substantial secretion of insulin. Type Ⅰ DM patients may experience a honeymoon period characterized by a long phase of near-normal glucose levels without any treatment.


Symptomatic hyperglycemia：
 Polyuria followed by polydipsia and weight loss occur when elevated plasma glucose levels cause marked glucosuria and an osmotic diuresis，resulting in dehydration. Hyperglycemia may also cause blurred vision，fatigue，and nausea and lead to various fungal and bacterial infections. In type Ⅱ DM，symptomatic hyperglycemia may persist for days or weeks before medical attention is sought；in women，type Ⅱ DM with symptomatic hyperglycemia is frequently associated with itching due to vaginal candidiasis.


Late complications：
 Late complications occur after several years of poorly controlled hyperglycemia. Glucose levels are increased in all cells except where there is insulin-mediated glucose uptake（mainly muscle），resulting in an increase in glycolysation and in the activity of other metabolic pathways，which may be caused by complications. Most microvascular complications can be delayed，prevented，or even reversed by tight glycemic control，ie，achieving near-normal fasting and postprandial glucose levels，reflected by near-normal glycosylated hemoglobin（HbA1c）. Macrovascular disease such as atherosclerosis may lead to symptomatic coronary artery disease，claudication，skin breakdown，and infections. Although hyperglycemia may accelerate atherosclerosis，many years of hyperinsulinemia preceding the onset of diabetes（with insulin resistance）may play a major initiating role. Amputation of a lower limb for severe peripheral vascular disease，intermittent claudication，and gangrene remains common. Background retinopathy（the initial retinal changes seen on ophthalmoscopic examination or in retinal photographs）does not significantly alter vision，but it can progress to macular edema or proliferative retinopathy with retinal detachment or hemorrhage，which can cause blindness. About 85% of all diabetics eventually develop some degree of retinopathy.


Diabetic nephropathy
 develops in about one third of type Ⅰ DM patients and in a smaller percentage of type Ⅱ DM patients. In patients with type Ⅰ DM，GFR may be increased initially with hyperglycemia. After about 5 yr of type Ⅰ DM，clinically detectable albuminuria（≥300 mg/L），which is unexplained by other urinary tract disease，may develop. Albuminuria signals a progressive decrease in GFR with a high likelihood of development of end-stage renal disease. Albuminuria is almost 2.5 times higher in type Ⅰ DM patients with diastolic BP ＞ 90 mmHg than in those with diastolic BP ＜ 70 mmHg. Thus，both hyperglycemia and hypertension accelerate the progression to end-stage renal disease. Diabetic nephropathy is usually asymptomatic until end-stage renal disease develops，but it can cause the nephrotic syndrome. Albuminuria and renal disease may be prevented or delayed with the ACE inhibitors. While aggressive treatment of hypertension prevents the deterioration of renal function，ACE inhibitors have shown added benefits over other classes of antihypertensives. In fact，ACE inhibitors prevent proteinurea in hypertensive and nonhypertensive diabetics. Recent evidence suggests that ACE inhibitors also help prevent retinopathy.


Diabetic neuropathy
 commonly occurs as a distal，symmetric，predominantly sensory polyneuropathy that causes sensory deficits，which begin with and are usually most marked by a stocking-glove distribution. Diabetic polyneuropathy may cause numbness，tingling，and paresthesias in the extremities and，less often，debilitating，severe，deep-seated pain and hyperesthesias. Ankle jerks are usually decreased or absent. Other causes of polyneuropathy must be excluded. Acute，painful mononeuropathies affecting the 3rd，4th，or 6th cranial nerve as well as other nerves，such as the femoral，may spontaneously improve over weeks to months，occur more frequently in older diabetics，and are attributed to nerve infarctions. Autonomic neuropathy occurs primarily in diabetics with polyneuropathy and can cause postural hypotension，disordered sweating，impotence and retrograde ejaculation in men，impaired bladder function，delayed gastric emptying，esophageal dysfunction，constipation or diarrhea，and nocturnal diarrhea. Decreases in heart rate response to the Valsalva maneuver or on standing and unchanged heart rate variation during deep breathing are evidence of autonomic neuropathy in diabetics.


Foot ulcers and joint problems
 are important causes of morbidity in DM. The major predisposing cause is diabetic polyneuropathy—the sensory denervation impairs the perception of trauma from such common causes as ill-fitting shoes or pebbles. Alterations in proprioception lead to an abnormal pattern of weight bearing and sometimes to the development of Charcot’s joints.


The risk of infection
 from fungi and bacteria is increased because of decreased cellular immunity caused by acute hyperglycemia and circulatory deficits caused by chronic hyperglycemia. Peripheral skin infections and oral and vaginal thrush are most common. A mycotic infection may be the initial process，leading to wet interdigital lesions，cracks，fissures，and ulcerations that favor secondary bacterial invasion. Patients with infected foot ulcers frequently feel no pain because of neuropathy and have no systemic symptoms until late in a neglected course. Deep ulcers and particularly ulcers associated with any detectable cellulitis require immediate hospitalization，since systemic toxicity and permanent disability may develop. Osteomyelitis should be ruled out by bone scan. Early surgical debridement is an essential part of management，but amputation is sometimes necessary.


Diagnosis


The diagnosis of type 1 diabetes and many cases of type 2，is usually prompted by recent-onset symptoms of excessive urination（polyuria）and excessive thirst（polydipsia），often accompanied by weight loss. These symptoms typically worsen over days to weeks；about a quarter of people with new type 1 diabetes have developed some degree of diabetic ketoacidosis by the time the diabetes is recognized. The diagnosis of other types of diabetes is usually made in other ways. These include ordinary health screening；detection of hyperglycemia during other medical investigations；and secondary symptoms such as vision changes or unexplainable fatigue. Diabetes is often detected when a person suffers a problem that is frequently caused by diabetes，such as a heart attack，stroke，neuropathy，poor wound healing or a foot ulcer，certain eye problems，certain fungal infections，or delivering a baby with macrosomia or hypoglycemia.

The current classification criteria have been issued by World Health Organisation（WHO）and American Diabetes Association（ADA）.The WHO recommendations for glucometabolic classification are based on measuring both fasting and two hour post-load glucose concentrations and recommend that a standardised 75 g oral glucose tolerance test（OGTT）should be performed in the absence of overt hyperglycaemia.


Criteria used for gluco-metabolic classification from WHO（2006）and ADA（1997 ＆ 2003）



Normal glucose regulation（NGR）：
 WHO FPG ＜ 6.1（110）+ 2 h PG ＜ 7.8（140）；ADA（1997）FPG ＜ 6.1（110）；ADA（2003）FPG ＜ 5.6（100）.


Impaired fasting glucose（IFG）：
 WHO FPG ≥ 6.1（110）and ＜ 7.0（126）+ 2 h PG ＜ 7.8（140）；ADA（1997）FPG ≥ 6.1（110）and ＜ 7.0（126）；ADA（2003）FPG ≥ 5.6（100）and ＜ 7.0（126）.

Impaired glucose tolerance（IGT）：WHO FPG ＜ 7.0（126）+ 2 h PG ≥ 7.8 and ＜ 11.1（200）.

Impaired glucose homeostasis（IGH）WHO IFG or IGT


Diabetes mellitus（DM）：WHO
 FPG ≥ 7.0（126）or 2 h PG ≥ 11.1（200）；ADA（1997）FPG≥7.0（126）；ADA（2003）FPG ≥ 7.0（126）.

Notes：

FPG = fasting plasma glucose；2 h PG=two-hour post-load plasma glucose（1 mol/L = 18 mg/dL）. IGT can only be diagnosed by OGTT. OGTT is performed in the morning，after 8—14 h fast；one blood sample is taken before and one 120 min after intake of 75 g glucose dissolved in 250—300 mL water for 5 min（timing is from the beginning of the drink）.

Patients with fasting glucose levels between 110 and 125 mg/dL（6.1 and 7.0 mmol/L）are considered to have impaired fasting glycemia. Patients with plasma glucose at or above 140 mg/dL or 7.8 mmol/L two hours after a 75 g oral glucose load are considered to have impaired glucose tolerance. Of these two pre-diabetic states，the latter in particular is a major risk factor for progression to full-blown diabetes mellitus as well as cardiovascular disease.


Glycated haemoglobin（HbA1c）
 is a useful measure of metabolic control and the efficacy of glucose lowering treatment in people with diabetes.It represents a mean value of blood glucose during the preceding six to eight weeks（life span of erythrocytes）.HbA1c is not recommended as a diagnostic test for diabetes. It is insensitive in the low range and a normal value does not exclude diabetes or impaired glucose tolerance. While not used for diagnosis，an elevated level of glucose irreversibly bound to hemoglobin of 6.0% or higher is considered abnormal by most labs；HbA1c is primarily used as a treatment-tracking test reflecting average blood glucose levels over the preceding 90 days.


Treatment


General considerations：Diet to achieve weight reduction is most important in overweight patients with type Ⅱ DM. If improvement in hyperglycemia is not achieved by diet，trial with an oral drug should be started. Patient education，together with diet and exercise，is essential to ensure the effectiveness of the prescribed therapy，to recognize indications for seeking immediate medical attention，and to ensure appropriate foot care. On each physician visit，the patient should be assessed for symptoms or signs of complications，including a check of feet and pulses and sensation in the feet and legs，and a urine test for albumin. Periodic laboratory evaluation includes lipid profile，BUN and serum creatinine levels，ECG，and an annual complete ophthalmologic evaluation. Hypercholesterolemia or hypertension increases the risks for specific late complications and requires special attention and appropriate treatment. Although β-blockers can be used safely in most diabetics，they can mask the β-adrenergic symptoms of insulin-induced hypoglycemia and can impair the normal counter regulatory response. Thus，ACE inhibitors and calcium antagonists are often the drugs of choice.


Plasma glucose monitoring：
 All patients should learn self-monitoring of glucose，and insulin-treated patients should be taught to adjust their insulin doses accordingly. Glucose levels can be tested with easy-to-use home analyzers using a drop of fingertip blood. A spring-powered lancet is recommended to obtain the fingertip blood sample. The frequency of testing is determined individually. Insulin-treated diabetic patients ideally should test their plasma glucose daily before meals，1 to 2 h after meals，and at bedtime. Most physicians periodically determine glycosylated hemoglobin（HbA1c）to estimate plasma glucose control during the preceding 1 to 3 month. HbA1c is the stable product of nonenzymatic glycosylation of the β-chain of Hb by plasma glucose and is formed at rates that increase with increasing plasma glucose levels. In most laboratories，the normal HbA1c level is about 6%；in poorly controlled diabetics，the level ranges from 9% to 12%. HbA1c is not a specific test for diagnosing diabetes；however，elevated HbA1c often indicates existing diabetes.


Insulin：
 Human insulin is often preferred in initiating insulin treatment because it is less antigenic than animal-derived varieties. However，detectable insulin antibody levels，usually very low；develop in most insulin-treated patients，including those receiving human insulin preparations.

Insulin is routinely provided in preparations containing 100 U/mL（U-100 insulin）and is injected subcutaneously with disposable insulin syringes. The 1/2-mL syringes are generally preferred by patients who routinely inject doses of ≤ 50 U，because they can be read more easily and facilitate the accurate measurement of smaller doses. A multiple-dose insulin injection device（NovolinPen），commonly referred to as an insulin pen，is designed to use a cartridge containing several days’ dosage. Insulin should be refrigerated but never frozen；however，most insulin preparations are stable at room temperature for months，which facilitates their use at work and when traveling.

Insulin preparations are classified as short-acting（rapid-acting），intermediate-acting，or long-acting. Rapid-acting insulins include regular insulin，which is a preparation of zinc insulin crystals in a suspending solution；regular insulin is the only insulin preparation that can be given Ⅳ. Semilente insulin is a slightly slower rapid-acting insulin，containing zinc insulin microcrystals in an acetate buffer. Intermediate-acting insulin includes neutral protamine Hagedorn，which contains a stoichiometric mixture of regular and protamine zinc insulin，and Lente，which contains 30% Semilente insulin and 70% Ultralente insulin in an acetate buffer. Long-acting protamine zinc insulin contains insulin that is negatively charged，combined with an excess of positively charged fish sperm protamine. Ultralente contains large zinc insulin crystals in an acetate buffer.

1.Mixtures of insulin preparations with different onsets and durations of action are frequently given in a single injection by drawing measured doses of two preparations into the same syringe immediately before use. The manufacturers recommend that Semilente be mixed only with Lente or Ultralente to maintain the same buffer solution. However，individual doses of regular insulin and neutral protamine Hagedorn or Lente insulin are commonly drawn up into the same syringe to combine rapid- and intermediate-acting insulin in a single injection. A preparation that contains a mixture of 70% neutral protamine Hagedorn and 30% regular human semisynthetic insulin（Novolin 70/30 or Humulin 70/30）is also available，but its fixed ratio of intermediate- to rapid-acting insulin may restrict its use. Protamine zinc insulin must always be injected separately，because it contains an excess of protamine.

2.Initiation of insulin therapy in adults：In DCCT，type Ⅰ DM patients received an average total dose of about 40 U insulin a day. Because type Ⅱ DM patients are insulin resistant，they require more insulin. Thus，those who are severely hyperglycemic and obese may be started on about 40 U insulin a day. The initial total daily dose may be divided so that 1/2 will be administered before breakfast，1/4 before dinner，and 1/4 at bedtime. Because of severe insulin resistance，type Ⅱ DM patients may need twice that much and often more. After the initial dose is selected，adjustments in the amounts，types，and timing are made based on plasma glucose determinations. The dose is adjusted to maintain preprandial plasma glucose between 80 and 150 mg/dL（4.44 and 8.33 mmol/L）. Increments in insulin dose are generally restricted to 10% at a time，and the effects are assessed over about 3 days before any further increment is made. More rapid adjustments of regular insulin are indicated if hypoglycemia threatens.

3. Initiation of insulin therapy in children：Children who present at an early stage of type Ⅰ DM with moderate hyperglycemia but without ketonuria or acidosis may be started with a single daily subcutaneous injection of 0.3 to 0.5 U/kg of intermediate-acting insulin alone. Children who present with both hyperglycemia and ketonuria but who are not acidotic or dehydrated may be started on 0.5 to 0.7 U/kg of intermediate-acting insulin and then supplemented by subcutaneous injections of 0.1 U/kg of regular insulin at 4 to 6 h intervals. Insulin doses are usually adjusted to maintain preprandial plasma glucose levels between 80 and 150 mg/dL（4.44 and 8.33 mmol/L）or sometimes between 80 and 120 mg/dL（4.44 and 6.66 mmol/L）.

4. Insulin schedules：The goal of insulin therapy is to control hyperglycemic surges after meals and to provide baseline levels that support normal glucose metabolism. Regimens must always be individualized，and some diabetics will achieve tight control with highly idiosyncratic schedules. However，the approach should include：


Bedtime
 intermediate-acting insulin. This helps control nocturnal hepatic glucose production. Starting the day with lower morning glucose levels will improve glucose tolerance throughout the day. Bedtime insulin is associated with less weight gain than is daytime insulin alone. Bedtime insulin is also a reasonable way to initiate insulin therapy in type Ⅱ DM patients who are not controlled by oral drugs alone.


Before-breakfast
 mixed insulin. This often is accomplished with a mixture of about 30% short-acting and 70% intermediate-acting insulin. Most diabetic patients will need about half the daily insulin dose before breakfast.


Before-lunch-and-dinner
 regular insulin. For tight control，supplemental rapid-acting insulin should be taken before meals. The dose should be taken 15 to 30 min before a meal for regular or Semilente and with a meal for Lispro.


Multiple
 subcutaneous insulin injections：These are designed to maintain normal or near-normal plasma glucose levels throughout the day in patients with type Ⅰ DM. Such treatment may increase the risks for frequent and severe episodes of hypoglycemia. Patients should be highly motivated，well educated in DM，informed of the risks and uncertain benefits，competent in self-monitoring of glucose，and under the supervision of a physician experienced in its use. In a typical multiple subcutaneous insulin injection regimen，about 25% of the total daily dose is given as intermediate-acting insulin at bedtime，with additional doses of rapid-acting insulin given before each meal（a four-dose regimen）. Type Ⅰ DM patients may require intermediate- or long-acting insulin in the morning to give coverage throughout the day. The patient adjusts daily dosage on the basis of self-monitoring of glucose before each meal and at bedtime；the plasma glucose level between 2 and 4 am is assessed at least once/wk.

5. Continuous subcutaneous insulin infusion：This mode of intensive insulin treatment in patients with type Ⅰ DM involves a small battery-powered infusion pump that provides a continuous subcutaneous infusion of rapid-acting insulin through a small needle，usually inserted in the abdominal wall. The pump is programmed to infuse a selected basal rate of insulin，supplemented by manually triggered or programmed increased rates before each meal. The patient measures glucose levels several times a day to adjust the dosage. Control obtainable with this method is superior to that obtained with multiple injections. Hypoglycemic episodes are common with pump therapy，especially during the establishment of metabolic control. However，once metabolic control is established，pumps are not associated with more hypoglycemia than are multiple injections. Experimental pump implants and intraperitoneal deliveries of insulin to the portal system may prove superior. However，the indwelling needle increases the risk of infections at needle sites.

The dawn phenomenon refers to the normal tendency of the plasma glucose to rise in the early morning hours before breakfast，which is frequently exaggerated in patients with type Ⅰ DM and in some patients with type Ⅱ DM. Fasting glucose levels rise because of an increase in hepatic glucose production，which may be secondary to the midnight surge of growth hormone. In some patients with type Ⅰ DM，nocturnal hypoglycemia may be followed by a marked increase in fasting plasma glucose with an increase in plasma ketones（Somogyi phenomenon）. Thus，both the dawn and Somogyi phenomena are characterized by morning hyperglycemia，but the latter is due to rebound（counterregulation）hyperglycemia. The frequency with which the latter phenomenon actually occurs is disputed. When it is suspected，the patient should wake between 2 and 4 am to monitor blood glucose levels. If intermediate insulin is administered at bedtime，the dawn and Somogyi phenomena can often be prevented.


Oral antidiabetic drugs：
 These drugs are used for type Ⅱ DM but not for type Ⅰ DM because they cannot prevent symptomatic hyperglycemia or DKA in such patients. Oral hypoglycemic drugs are the sulfonylureas. Oral antihyperglycemic drugs are the biguanides，the glucosidase inhibitors，and the insulin sensitizers（thiazolidinediones）.

1. Sulfonylureas： The sulfonylureas lower plasma glucose primarily by stimulating insulin secretion. Secondary effects on improving peripheral and hepatic insulin sensitivity may be due to the decrease in both glucose toxicity and insulin clearance. All of the sulfonylureas are metabolized in the liver，but only tolbutamide and tolazamide are inactivated exclusively by the liver. About 30% of chlorpropamide is normally excreted in the urine，and the principal hepatic metabolite of acetohexamide is highly active and excreted in urine；both drugs carry an increased risk of prolonged hypoglycemia in patients with impaired renal function and in the elderly. The 2nd-generation sulfonylureas（such as glipizide and glyburide）are about 100 times more potent than the 1st-generation ones，are absorbed rapidly，and are metabolized mainly in the liver. Clinically，the 2nd-generation sulfonylureas are similar in effectiveness.

Allergic reactions and other side effects（eg，cholestatic jaundice）are relatively uncommon. Acetohexamide may be used in patients who are allergic to other sulfonylureas. Chlorpropamide and acetohexamide should not be used in patients with impaired renal function. In addition，chlorpropamide should not be used in elderly patients，because it can potentiate the action of antidiuretic hormone，often leading to hyponatremia and a deterioration in mental status，which in an elderly patient may often not be recognized as a drug-induced effect.

For the initial treatment，many authorities prefer the shorter-acting sulfonylureas，and most do not recommend using a combination of different sulfonylureas. Treatment is started with a low dose，which is adjusted after several days until a satisfactory response is obtained or the maximum recommended dosage is reached. About 10% to 20% of patients fail to respond to a trial of treatment（primary failures），and patients who fail to respond to one sulfonylurea often fail to respond to others. Of patients who initially respond，5% to 10% per year experience secondary failures. In such cases，insulin may be added to sulfonylurea treatment.

Hypoglycemia is the most important complication of sulfonylurea treatment. Hypoglycemia can occur in patients treated with any of the sulfonylureas but occurs most frequently with long-acting ones（glyburide，chlorpropamide）. Sulfonylurea-induced hypoglycemia can be severe and may last or recur for days after treatment is stopped，even when it occurs in patients treated with tolbutamide，whose usual duration of action is 6 to 12 h. A mortality rate of 4.3% in patients hospitalized with sulfonylurea-induced hypoglycemia has been reported recently. Therefore，all sulfonylurea-treated patients who develop hypoglycemia should be hospitalized，because even if they respond rapidly to initial treatment for hypoglycemia，they must be closely monitored for 2 to 3 days. Most of these patients may not require further treatment with sulfonylureas.

Metformin（a biguanide）has been used as primary therapy in type Ⅱ DM patients for over 30 years in most of the world. It acts by decreasing hepatic glucose production and may improve insulin sensitivity in those who lose weight. It is as effective as a sulfonylurea as monotherapy（when used alone it rarely causes hypoglycemia）and is synergistic in combination with sulfonylurea therapy. Metformin also promotes weight loss and decreases lipid levels. Unlike phenformin，metformin rarely causes severe lactic acidosis. GI side effects are common，but often transient，and may be prevented if the drug is taken with meals and if the dosage is gradually increased（by 500 mg/wk up to 2.5 g）. Metformin is contraindicated in patients with kidney and liver diseases or alcoholism. It is also contraindicated in patients with lactic acidosis and should be withheld during acute hospitalization in most patients.

Acarbose is an glucosidase inhibitor that competitively inhibits hydrolysis of oligo- and monosaccharides. This delays carbohydrate digestion in the small intestine and subsequent absorption，resulting in less postprandial elevation of blood glucose levels. Because its mechanism of action differs from that of other oral hypoglycemics，it can be used in combination therapy with other oral agents. GI side effects are very common，but often transient. The drug must be taken with meals，and the dosage should be gradually increased from 25 mg up to 50 to 100 mg with each meal.

2. Thiazolidinediones are the insulin-sensitizer drugs that improve insulin sensitivity in skeletal muscle and suppress hepatic glucose output. It has been recently approved for use in the treatment of type Ⅱ DM patients requiring insulin and has moderate effects on decreasing plasma glucose and triglyceride levels. This drug is administered once a day and has potentially idiosyncratic hepatotoxicity. Patients should be instructed to decrease their daily insulin dosage with the initiation of therapy.


Diet management：
 In insulin-treated diabetics，diet management aims to restrict variations in the timing，size，or composition of meals，which could make the prescribed insulin regimen inappropriate and result in hypoglycemia or marked postprandial hyperglycemia. All insulin-treated patients require detailed diet management，including a prescription for their total daily caloric intake；guidelines for proportions of carbohydrate，fat，and protein in their diets；and instruction on distributing calories among individual meals and snacks. A professional dietitian can tailor the diet plan and education to meet the patient’s individual needs. Flexibility，however，helps maintain patient motivation.

In obese type Ⅱ DM patients，the aims of diet management are losing weight and controlling hyperglycemia. The diet should meet the patient’s minimum daily protein requirement（0.9 g/kg）and be designed to induce a gradual and sustained weight loss until ideal body weight is approached and maintained. A dietitian can assist in developing a diet that the patient will follow. Increased physical activity in sedentary obese type Ⅱ DM patients is valuable and may decrease insulin resistance over time. Diabetics with hypertension should be treated with ACE inhibitors，which have been shown to be more protective against coronary artery disease than Ca channel blockers.











41 Thyroid Disease






Thyroid disorders include euthyroid goiter，euthyroid sick syndrome，hyperthyroidism，hypothyroidism，thyroiditis，and thyroid cancers.

41.1 Hypothyroidism

Impaired production of thyroid hormones is usually due to a primary abnormality of thyroid gland or iodine deficiency；occasionally it is secondary to pituitary or hypothalamic disorders. The onset of primary hypothyroidism is gradual and may be detected when the TSH is elevated（to compensate for impaired thyroid output）but the free thyroid hormone levels are normal. This state is subclinical hypothyroidism. As thyroid damage continues，TSH levels rise further but free T4
 levels fall. The TSH at this stage is usually greater than 10 mU/L，symptoms become apparent，and the patient is said to have overt or clinical hypothyroidism.


Etiology


The commonest cause world-wide is iodine deficiency，in iodine sufficient areas，autoimmune hypothyroidism and thyroid damage after radioiodine or surgical treatment for hyperthyroidism are the major causes.


Pathogenesis


Autoimmune hypothyroidism is primarily the result of auto reactive T-cell-mediated cytotoxicity directed against thyroid follicular cells. Cytokines derived from the locally infiltrating T cells，macrophages，and dendritic cells impair thyroid cell function and enhance T-cell-mediated cytotoxicity. The role of thyroid auto antibodies in thyroid cell destruction is unclear，but thyroid peroxidase antibodies fix complement and may cause secondary damage. In 10 to 20 percent of patients，antibodies which block the TSH receptor are partially or wholly responsible for hypothyroidism and transplacental passage of these antibodies（but not thyroid peroxidase antibodies）occasionally causes transient neonatal hypothyroidism. Genetic and environmental factors are involved in the aetiology but，as with most autoimmune disorders，the complex interaction of these factors has so far prevented a full understanding. Polymorphisms in the HLA-DR and CTLA-4 genes are associated with autoimmune hypothyroidism，and a high iodine intake may be an important environmental factor in some cases.

Congenital hypothyroidism is caused by thyroid aplasia or hypoplasia in 60 percent of cases and in 30 percent there is an ectopic gland. Mutations in thyroid-specific transcription factors have been found in some of these cases. In the remaining 10 percent，hypothyroidism is due to dyshormonogenesis.


Pathology


In Hashimoto’s thyroiditis there is a prominent diffuse and focal lymphocytic infiltrate with germinal centre formation. The thyroid follicles show varying degrees of destruction and little or no colloid. The remaining thyroid follicular cells have an increased number of mitochondria，giving rise to oxyphil metaplasia（Askanazy or Hürthle cells）. There is a variable degree of fibrosis. In atrophic thyroiditis，fibrosis is the most prominent feature，with a less obvious lymphocytic infiltrate than in Hashimoto’s thyroiditis. Thyroid follicles are usually sparse，reflecting the later stage at which this form of autoimmune hypothyroidism is diagnosed. Whether there is a natural progression from Hashimoto’s to atrophic thyroiditis is unclear，although the goitre usually decreases with thyroxine replacement.


Clinical Features


The typical features of hypothyroidism are shown in Table 41-1.

Table 41-1 Tissue-specific Signs and Symptoms of Hypothyroidism




	Central nervous system
	Forgetfulness，stoic appearance，myxedematous dementia，cerebellar ataxia



	Cardiovascular
	Bradycardia，pericardial effusion，hypertension



	Respiratory
	Depressed ventilatory drive，pleural effusion，sleep apnea



	Gastrointestinal
	Constipation，hypomotility



	Muscle
	Delayed tendon reflexes，musclestiffnessand cramps，increased muscle volume weakness



	Skin
	Dry，rough，hyperkeratosis；non‐pitting puffiness due to mucopolysaccharide deposits



	Metabolic
	Basal metabolic rate decreased，cold intolerance，decreased T4 and drug turnover，weight gain






The ready availability of reliable screening tests for hypothyroidism，especially TSH assays，has led to the recognition of many patients in whom there are only vague or non-specific symptoms，such as tiredness，weight gain，and poor concentration，particular in middle aged women with chronic fatigue or depression.

Autoimmune hypothyroidism may present with a goitre（Hashimoto’s thyroiditis）or without（atrophic thyroiditis or primary myxoedema）. When present，the goitre is of variable size but is often hard and irregular；sometimes giving rise to suspicion of a malignancy，which then requires exclusion by fine needle aspiration biopsy. Primary lymphoma of the thyroid is a rare but important association. Thyroid pain due to autoimmune thyroiditis is also a rare complication. Patients may notice a Hashimoto goitre before any thyroid dysfunction has developed and annual follow-up is then needed.

The most dramatic presentation of hypothyroidism is myxoedema coma，which is fortunately rare. In addition to the usual features，there is hypothermia（as low as 23℃）and coma，sometimes with seizures. Mortality is 50 percent even with intensive treatment. Patients are typically elderly and either previously undiagnosed or poorly compliant with medication. There is generally an additional precipitant，such as respiratory depression due to drugs，chest infection，heart failure，stroke，blood loss，or exposure to cold.

Autoimmune hypothyroidism is frequently associated with other autoimmune conditions. In the type 2 autoimmune polyglandular syndrome，autoimmune thyroid disease（hypothyroidism or Graves’ disease）is associated with type 1 diabetes mellitus and/or Addison’s disease. This syndrome is autosomal dominant with variable penetrance. In the rare，autosomal recessive type 1 autoimmune polyglandular syndrome（chronic mucocutaneous candidiasis，Addison’s disease，and hypoparathyroidism），autoimmune hypothyroidism is found in 5 to 10 percent of patients. Other common associations include pernicious anaemia，vitiligo，and alopecia areata and there is a significant excess of autoimmune hypothyroidism in coeliac disease，dermatitis herpetiformis，chronic active hepatitis，rheumatoid arthritis，systemic lupus erythematosus，and Sjögren’s syndrome. Breast cancer patients and individuals with Down’s and Turner’s syndromes have a higher than expected frequency of thyroid autoimmunity. Around 5 percent of patients with thyroid-associated ophthalmopathy have autoimmune hypothyroidism and 15 percent of patients with Graves’ disease successfully treated with antithyroid drugs develop hypothyroidism 10 to 20 years later. This relationship with Graves’ disease is further emphasized by rare patients who oscillate between hyper- and hypothyroidism over a period of months. The likely explanation is fluctuation in the relative levels of TSH receptor stimulating and blocking antibodies，but the cause of these changes is unknown.


Laboratory Diagnosis


Measuring the serum TSH is the first step in diagnosing hypothyroidism，with the important caveat that this approach will miss most cases of secondary hypothyroidism in which the serum TSH measured by immunoassays may be low，normal，or even slightly raised，due to the secretion of bioinactive forms of the hormone. If secondary hypothyroidism is suspected，for instance in the follow-up of a patient with treated pituitary disease，it is essential to check the free T4
 level. The TSH is elevated in other settings besides primary overt hypothyroidism. It is therefore important to confirm the diagnosis by measuring the free T4
 in all samples in which the TSH is elevated. Measurement of free T3
 adds nothing to the diagnosis，especially as values may be within the reference range in a quarter of hypothyroid patients，due to extra thyroidal conversion of T4
 .

If myxoedema coma is expected，it is essential that treatment is initiated immediately without awaiting confirmation of the diagnosis. These patients often have dilutional hyponatraemia，hypoglycaemia，and electrocardiography changes（low voltage，prolonged QT interval，flat or inverted T waves，and heart block）. Other non-specific features which may be found in any patient with hypothyroidism are elevation in serum liver and muscle enzymes（the raised creatine phosphokinase particularly may cause unnecessary concern），raised cholesterol，and anaemia. The anaemia is usually normocytic or macrocytic，but microcytosis occurs when hypothyroidism is accompanied by menorrhagia.

The aetiology is usually easily established. In the absence of a history of treated hyperthyroidism or iodine exposure，the majority of juvenile or adult onset primary hypothyroidism in iodine-sufficient countries is due to autoimmune hypothyroidism. Transient hypothyroidism due to destructive thyroiditis is considered later. The diagnosis of autoimmune hypothyroidism is confirmed by the presence of thyroid peroxidase antibodies，usually at high levels，although occasionally these antibodies are absent. Cytological diagnosis of Hashimoto’s thyroiditis is possible using fine needle aspiration biopsy，but is only necessary if there is uncertainty over the cause of a nodular goitre.


Treatment


In adult patients without heart disease and below the age of 60，treatment can begin with the estimated replacement dose of thyroxine. If there is no remaining thyroid tissue（indicated by a very high TSH and very low or undetectable free T4
 ），the full replacement dose is 1.6 μg thyroxine/kg body weight，which is around 100 to 150 μg/d. In practice，the typical starting dose is 50 to 100 μg thyroxine daily，the lower dose being reserved for patients with mild to moderate biochemical abnormalities. Dosage changes should be based on TSH levels measured 2 to 3 months after starting treatment，the main goal of treatment being to normalize the TSH. A similar period is required to assess the effect of any change to the dosage，made as 25 or 50 μg increments or decrements depending on how abnormal the TSH is. Treatment is usually straightforward，although if there is only partial thyroid failure when treatment is begun，the dose of thyroxine may require adjustment over many months.

Once on a full replacement dose，TSH levels should be checked at intervals of 1 to 3 years，depending on their stability. Fluctuating or elevated TSH levels in a previously stable patient，or thyroxine requirements in excess of 200 μg/d，usually indicate compliance problems. It is important to rule out malabsorption or abnormal thyroxine kinetics caused by drugs：cholestyramine，ferrous sulphate，lovastatin，aluminium hydroxide，rifampicin，amiodarone，carbamazepine，and phenytoin all alter the absorption or clearance of T4
 . A common cause for poor compliance is worsening angina. Optimization of antianginal treatment is then required，although some patients may simply prove intolerant of full thyroxine replacement if their coronary artery disease is extensive and irremediable. It is important to remind poorly compliant patients that，because of the long half-life of thyroxine，missed tablets should always be taken and that this is safe.

In the elderly，or in individuals with heart disease，the usual starting dose is 25 μg thyroxine daily（or on alternate days when there is severe angina）. Dosage should be increased slowly with increments of 12.5 to 25 μg thyroxine. Proportionately higher doses of thyroxine are needed during the first year of life than in adults，and the starting daily dose of thyroxine for congenital hypothyroidism is 10 μg/kg body weight. There is a continuing debate on the benefit of thyroxine in sub clinical hypothyroidism. It is reasonable to commence thyroxine when sub clinical hypothyroidism is coupled with the presence of thyroid peroxidase antibodies，as there is a high risk of progression to overt hypothyroidism. Modest improvements in mental function and lipid levels occur when thyroxine is given to some patients with sub clinical hypothyroidism，but long-term studies on the benefits of treatment have not been conducted. At present，it seems reasonable to offer a 3-month trial of thyroxine to thyroid peroxidase antibody-negative patients with sub clinical hypothyroidism. If the patient notices an improvement in the symptoms which prompted thyroid function testing，thyroxine is continued，but is stopped if there is no benefit. All patients with sub clinical hypothyroidism or positive thyroid peroxidase antibodies should be offered annual testing for the development of overt hypothyroidism.

Another problem is posed by the occasional patient with overt hypothyroidism who continues to feel unwell or who fails to lose weight after the TSH is normalized with thyroxine replacement. It can take around 3 months from achieving full replacement for all symptoms to disappear，and weight gained during hypothyroidism will generally only be lost by following an appropriate diet. It is sensible to ensure that the TSH level is in the lower half of the reference range and sometimes a small increment of thyroxine can achieve this，improving symptoms but not suppressing the TSH. More controversial is the treatment of such patients with higher doses of thyroxine which suppress the TSH. This approach may resolve symptoms but at the risk of atrial fibrillation due to sub clinical thyrotoxicosis. The other recognized adverse effect of excessive thyroxine is a decrease in bone mineral density，particularly in postmenopausal women who have previously had hyperthyroidism and therefore already have a low skeletal mass. However，the changes in bone mineral density are modest and no increase in fracture rate has been reported as a result of thyroxine given at supraphysiological doses. It should be emphasized that，in the absence of coronary artery disease，thyroxine has no adverse effects when given at doses which return TSH levels to normal.

Treatment of myxoedema coma consists of thyroid hormone replacement，treatment of any precipitating factor，and supportive therapy. If an intravenous preparation is available，500 μg thyroxine is given as a single intravenous bolus；the same dose can be given by a nasogastric tube but absorption may be slow. Thereafter，50 to 100 μg thyroxine is given daily. An alternative is to use triiodothyronine，which has the theoretical benefit of not needing conversion for its activity，but the potential disadvantage of excessive doses causing cardiac arrhythmias. The usual dose is 10 μg triiodothyronine every 4 to 6 h and it can be given intravenously or by nasogastric tube. Some centres combine thyroxine（200 μg）with triiodothyronine（25 μg）as a single bolus. Patients usually require ventilation initially but external warming should be avoided as it may provoke cardiac failure through peripheral vasodilation and increased oxygen consumption. Instead，space blankets are used. Intravenous infusion of hypertonic saline or glucose may be required to correct metabolic problems. Parenteral hydrocortisone is given at doses of 50 mg every 6 h to treat the reversible decline in adrenal reserve which occurs in marked hypothyroidism. If infection is suspected as a precipitant，broad spectrum antibiotics should be used early.


Prognosis


Thyroxine treatment is usually life-long and，properly taken，restores normal health and lifespan. Occasional patients may discontinue thyroxine and remain euthyroid. Errors in initial diagnosis account for some of these；in others，a spontaneous decline in TSH receptor blocking antibody levels may be responsible. There is no easy means of ascertaining whether a patient continues to need thyroxine，short of stopping it and measuring the TSH 6 weeks later. As remission is uncommon，and of uncertain duration，few endocrinologists at present attempt withdrawal.

41.2 Thyrotoxicosis

Thyrotoxicosis is defined as the state produced by excessive thyroid hormone. Hyperthyroidism exists when thyrotoxicosis is caused by thyroid over activity but there are several types of thyrotoxicosis which are not due to hyperthyroidism，the most obvious being administration of excessive thyroxine.


Etiology


Graves’ disease is responsible for 60 to 80 percent of cases and nodular thyroid disease（toxic multinodular goitre and toxic adenoma）accounts for most of the rest.


Pathogenesis


Graves’ disease is caused by TSH receptor stimulating antibodies，clearly demonstrated by the occurrence of transient，neonatal thyrotoxicosis in babies born to mothers with Graves’ disease whose antibody levels are high enough for transplacental transfer to affect the fetus. As with autoimmune hypothyroidism，genetic factors，including HLA-DR and CTLA-4 gene polymorphisms，are associated with the disease；the concordance rate in monozygotic twins is about 20 percent and much less in dizygotic twins. A high iodine intake，smoking，and stress have all been identified as environmental factors，but in many patients the genetic and environmental triggers remain elusive. Smoking is a major risk factor for the development of thyroid-associated ophthalmopathy. These eye signs are due primarily to swelling of the extraocular muscles，the result of fibroblast activation by cytokines released by infiltrating T cells and macrophages，leading to glycosaminoglycan accumulation，oedema，and fibrosis. The close correlation between ophthalmopathy and thyroid disease is best explained by an unidentified，shared orbital and thyroid autoantigen.

Toxic multinodular goitre evolves from a non-toxic sporadic goitre（see above）and is particularly likely when iodine intake increases，either gradually as a result of changes in the diet，or acutely when iodine-containing agents（amiodarone，some contrast media）are given. More than 50 percent of toxic adenomas are due to a somatic activating mutation in the genes encoding the TSH receptor or the associated protein，and a similar but unknown mechanism leading to constitutive activation of a clone of thyroid cells must underlie the remainder.


Clinical Features


The typical features of thyrotoxicosis from any cause are shown in Table 41-2.

Table 41-2 Tissue-specific Signs and Symptoms of Thyrotoxicosis




	TISSUE
	SYMPTOMS AND SIGNS



	Central nervous system
	Nervousness and emotional lability fine tremor of hands



	Cardiovascular
	Palpitations, tachycardia, atrial fibrillation, increased difference between systolic and diastolic blood pressure



	Gastrointestinal
	Hyperdefecation, gastrointestinal hypermotility, diarrhea



	Muscle
	Proximal muscle weakness, muscle atrophy, hyperreflexia



	Skin
	Warm moist smooth skin, onycholysis, fine hair, hair loss, excessive perspiration



	Metabolic
	Heat intolerance, weight loss usually with increased appetite



	Thyroid
	Enlargement of nodule






Symptoms to presence and severity depend on the duration of disease and the age of the patient. Occasionally there are paradoxial manifestations，such as the weight gain which can occur in up to 10 percent of patients when the increase in appetite exceeds the effects of increased metabolism，and apathetic or masked thyrotoxicosis in the elderly which mimics depression. The most dramatic but rare presentation is thyrotoxic crisis or storm，with a mortality of 20 to 30 percent even with treatment. Patients typically are previously undiagnosed or partially treated，and have an acute exacerbation of thyrotoxicosis precipitated by acute illness（infection，stroke，and diabetic ketoacidosis）or trauma，especially directly to the thyroid（surgery or radioiodine）. Exact diagnostic criteria for thyrotoxic crisis are not agreed and its frequency is sometimes exaggerated. There is marked fever（＞38.5℃），delirium or coma，seizures，vomiting，diarrhoea，and jaundice，death being caused by arrhythmias，heart failure，or hyperthermia.

The differential diagnosis of thyrotoxicosis includes any cause of weight loss，anxiety，and phaeochromocytoma，but simple biochemical testing can readily distinguish thyrotoxicosis from these conditions. Once the diagnosis of thyrotoxicosis is made，it is essential to determine the cause，as this determines treatment. Graves’ disease is usually clinically distinctive；there is a small to moderate，diffuse，firm goitre and around a half of these patients have signs of thyroid-associated ophthalmopathy. There may be evidence of another autoimmune disorder，in the patient or her family，with the same associations as autoimmune hypothyroidism described above. Less than 5 percent of patients have pretibial myxoedema，which is better called thyroid dermopathy as it can occur anywhere，especially after trauma. These patients almost always have moderate to severe ophthalmopathy and 10 to 20 percent have clubbing（thyroid acropachy）. Thyroid dermopathy most commonly occurs as non-pitting plaques with a pink or purple colour but no inflammatory signs. Nodular and generalized forms，the latter mimicking elephantiasis，also occur. Hyperplasia of lymphoid tissue，including splenomegaly and thymic enlargement，is sometimes found in Graves’ disease.

The absence of these features of Graves’ disease and the presence of a multinodular goitre strongly suggest toxic multinodular goitre，although nodular thyroid disease is so common that occasional patients with Graves’ disease may cause confusion when their thyrotoxicosis arises in a pre-existing multinodular gland. In toxic adenoma，the solitary thyroid nodule is usually readily palpable. Other，rare causes of thyrotoxicosis can usually be easily identified from the history and biochemical investigations.


Laboratory Diagnosis


Measuring the serum TSH is the simplest way to exclude primary thyrotoxicosis. A normal or slightly raised TSH level can rarely be associated with hyperthyroidism in the case of a TSH-secreting pituitary adenoma. A low TSH level is not always the result of thyrotoxicosis. Therefore the diagnosis of thyrotoxicosis must be confirmed by measuring thyroid hormone levels. Free hormone assays are preferable to those for total hormone，to eliminate binding protein effects. Measuring only free T4
 alone is adequate in most cases of thyrotoxicosis，which can be confirmed by the presence of a suppressed TSH and elevated free T4
 level. However，in up to 5 percent of patients，only free T3
 levels are elevated（T3
 toxicosis），especially during the earliest phase of the disorder. Therefore，if both free T3
 and T4
 are not measured routinely by a laboratory，it is essential to request free T3
 analysis in any sample showing a suppressed TSH but normal free T4
 level. Rarely，the free T4
 is elevated but the free T3
 is normal. This arises when Graves’ disease or nodular thyroid disease is precipitated by the administration of excess iodine（the Jod-Basedow phenomenon）.

Although it is possible to measure TSH receptor stimulating antibodies and thus prove the existence of Graves’ disease in a thyrotoxic patient，these assays are cumbersome or expensive，and at present therefore are not widely used. Almost as much information can be gained by measuring thyroid peroxidase antibodies which are present in around 75 percent of patients with Graves’ disease. In cases of diagnostic uncertainty，a thyroid scintiscan will demonstrate a diffuse goitre with high isotope intake in Graves’ disease and reveal nodular thyroid disease as well as ectopic thyroid tissue in the extremely rare struma ovarii. In destructive and factitious thyrotoxicosis，the thyroid scan shows virtually no isotope uptake and the diagnosis of factitious thyrotoxicosis can be confirmed by measuring serum thyroglobulin levels，which are suppressed in contrast to the raised levels in all other causes of thyrotoxicosis. When a TSH-secreting pituitary adenoma is suggested biochemically，the diagnosis is made by demonstrating both an elevated level of the subunit common to glycoprotein hormones including TSH and a pituitary tumour on CT，or preferably MR，imaging. Prolonged thyrotoxicosis can cause a number of non-specific biochemical abnormalities，especially abnormal liver function tests，hypercalcuria，and elevated serum levels of ferritin. Less commonly，serum calcium and phosphate may be raised，glucose intolerance or diabetes may occur，and rarely there may be a microcytic anaemia or thrombocytopenia.


Treatment


Definitive diagnosis is the most important determinant of treatment selection for thyrotoxicosis. In particular，antithyroid drugs only achieve a cure in Graves’ disease. When due to a subacute or silent thyroiditis，spontaneous resolution of thyrotoxicosis is expected and symptomatic treatment with β-blockers such as propranolol，20 to 80 mg three times daily，is indicated. Although β-blockers will rapidly alleviate symptoms in all types of hyperthyroidism，definitive treatment is also necessary，and when euthyroidism is restored，β-blockers can be gradually withdrawn.

There are three types of treatment for Graves’ disease：antithyroid drugs，radioiodine（131
 I），and surgery.

The main antithyroid drugs used are carbimazole and its active metabolite methimazole. There is little to choose between them in normal practice，as all exert their principal action by inhibiting iodide oxidation and organification by thyroid peroxidase. Propylthiouracil additionally inhibits the activity of type 1 deiodinase，reducing T3
 formation in many tissues，but this activity is only of clinical importance in very severe hyperthyroidism，and more frequent dosing is necessary with this drug.

Two regimens are used to avoid antithyroid drug-induced hypothyroidism and achieve the best chance of remission，which occurs in 40 to 60 percent of patients and is inversely proportional to dietary iodine intake. The first method is to titrate the dose of antithyroid drug，giving carbimazole（or methimazole）20 mg two or three times daily，and then lowering the dose every 3 to 4 weeks or so，based on free T4
 measurements，until a maintenance dose of 5 to 10 mg once daily is achieved. Equivalent starting and maintenance doses of propylthiouracil are 100 to 200 mg three times daily and 50 mg once or twice daily. Maximum remission rates occur after 18 to 24 months of treatment.

The second regimen is to start with the same dose of antithyroid drug but then to add thyroxine 100 μg daily after 3 to 4 weeks when free T4
 levels are usually becoming normal，rather than lowering the dose of drug. Thereafter the patient is maintained on 40 mg carbimazole or methimazole once daily（alternatively，100 to 150 mg propylthiouracil three times daily）and thyroxine，the latter being adjusted if necessary 4 weeks after starting to achieve normal free T4
 levels. The block-replace regimen achieves the same remission rate as the titration regimen within 6 months；continuation beyond this time is not necessary but can be used if a patient wishes to ensure euthyroidism for a particular period of time. Patients with the biggest goitres almost always relapse after ant thyroid drug treatment，but unfortunately there are no reliable predictors of which other patients will relapse，and therefore it is usual practice to follow patients closely（for example every 3 months）in the first year after stopping treatment. Thereafter，an annual check of thyroid function is warranted as recurrence occurs in 10 to 20 percent 1 to 5 years after treatment，and autoimmune hypothyroidism may supervene in around 15 percent.

The side-effects of ant thyroid drugs most occur in the first 3 months of treatment and there is a moderate dose dependency. Substituting propylthiouracil for carbimazole or vice versa usually reverses the common side-effects but further antithyroid drugs should be avoided if bone marrow disturbance develops. Lower doses of antithyroid drugs can be used in areas of low iodine intake. Lithium and potassium perchlorate have antithyroid actions and are alternatives when antithyroid drugs are not tolerated but these drugs are difficult to use，their side-effects are serious and they are given as a last resort. Anticoagulation with warfarin should be considered in all patients with atrial fibrillation；only 50 percent of patients revert to sinus rhythm when euthyroidism is restored. In the remainder，attempts at cardioversion should be made，ideally when hyperthyroidism has been definitively treated with radioiodine. Digoxin is useful to control atrial fibrillation acutely but higher doses than normal are needed in the thyrotoxic state.

There are several dosage methods for radioiodine administration，which aim to achieve maximum cure rates with the minimum of subsequent hypothyroidism.

Radioiodine is contraindicated in pregnancy and breast feeding. Another concern is the precipitation of thyrotoxic crisis by 131
 I，but in practice this must be rare. To minimize the risk，antithyroid drugs can be given for up to 4 or more weeks prior to radioiodine，particularly in the elderly who are at special risk. Thyroid-associated ophthalmopathy may appear or worsen after radioiodine，especially if the patient smokes.

Surgery for Graves’ disease consists of subtotal or near total thyroidectomy，and in the best centres achieves cure in more than 98 percent of patients but with a hypothyroidism rate similar to radioiodine. Lower rates of hypothyroidism are inevitably associated with a higher recurrence rate. Patient preference is the main determinant of when surgical treatment is used to treat relapses after antithyroid drugs. Euthyroidism must be achieved with a further course of these drugs prior to surgery to avoid thyrotoxic crisis. Stable iodine（e.g.，Lugol’s iodine three drops three times daily）is often also given for 7 to 10 days prior to surgery，to block hormone synthesis acutely. Specific complications of surgery include haemorrhage leading to laryngeal oedema，damage to the recurrent laryngeal nerves，and hypoparathyroidism. These problems occur in less than 1 percent of cases in experienced hands and the last two are often transient.

Thyrotoxic crisis is a medical emergency whose management consists of antithyroid treatment，identification and treatment of any underlying precipitant，and supportive measures. Propylthiouracil is given as a loading dose of 600 mg and then 250 mg four times daily，either orally，by stomach tube，or per rectum. Carbimazole or methimazole are less effective alternatives，as they do not reduce T4
 deiodination. Stable iodine blocks thyroid hormone synthesis and release but is safe to give only when iodine organification is arrested by propylthiouracil. Lugol’s iodine，5 drops four times daily，is given orally or by stomach tube 1 h after the first dose of propyl-thiouracil；ipodate 500 mg twice a day is an alternative. Control of the heart rate is central to managing the heart failure which frequently occurs，and in all but the most severe cases propranolol should be given（40 mg orally or 2 mg intravenously every 4 h），with careful monitoring of ventricular function. Diuretics and digoxin are used as needed. Plasmapheresis，dialysis，or cholestyramine（to interrupt the enterohepatic circulation of thyroid hormones）may be useful in extreme cases. Supportive measures include dexamethasone 2 mg four times daily，which also inhibits T4
 to T3
 conversion，oxygen，cooling，and intravenous fluids.











42 Dyslipidaemia







Hyperlipidemia


Elevated lipoprotein levels in the plasma，which may be primary or secondary. The major plasma lipids，including cholesterol ［or total cholesterol（TC）］ and the triglycerides，do not circulate freely in solution in plasma，but are bound to proteins and transported as macromolecular complexes called lipoproteins. The major lipoprotein classes—chylomicrons，very low density（pre-）lipoproteins（VLDL），low density（-）lipoproteins（LDL），and high density（-）lipoproteins（HDL）.

Hypercholesterolemia can result either from overproduction or defective clearance of VLDL or from increased conversion of VLDL to LDL. Overproduction of VLDL by the liver may be caused by obesity，diabetes mellitus，alcohol excess，nephrotic syndrome，or genetic disorders；each condition can result in increased LDL and TC levels and often is associated with hypertriglyceridemia.


Diagnosis


In diagnosing hyperlipoproteinemia，a normal plasma TC level is difficult to define.

A consensus of the National Cholesterol Education Program（NCEP）defines TC levels ＜ 200 mg/dL（＜ 5.18 mmol/L）as desirable，levels between 200 and 240 mg/dL（5.18 and 6.22 mmol/L）as borderline high，and levels ＞ 240 mg/dL（＞ 6.22 mmol/L）as high.

For patients without clinical evidence of coronary or other atherosclerotic vascular disease，the NCEP recommends health screening，including measurement of TC and HDL cholesterol，at least once every 5 yr. Further evaluation is performed for those patients with a high TC，for those with low HDL cholesterol ［＜ 35 mg/dL（＜ 0.91 mmol/L）］，or for those with borderline TC who have at least two CAD risk factors（age ＞ 45 for men or ＞ 55 for women，high BP，smoking，diabetes，HDL ＜ 35 mg/dL. A triglyceride level of ＜ 200 mg/dL（＜ 2.26 mmol/L）is considered normal，200 to 400 mg/dL（2.26 to 4.52 mmol/L）is borderline high，and ＞ 400 mg/dL（＞ 4.52 mmol/L）is high. Hypertriglyceridemia has been associated with diabetes，hyperuricemia，and pancreatitis.


Treatment


Clinical trials have established beyond all question of doubt that reduction of serum cholesterol decreases both coronary morbidity and mortality and can prolong survival.

Dietary management：It is generally agreed that dietary advice should be given to people whose serum cholesterol exceeds a concentration of 5.0 mmol/litre（200 mg/dL）.

The principal aims of a cholesterol-lowering diet are to reduce obesity by a decrease in dietary energy intake and to decrease saturated fat consumption. Fat is a major source of dietary energy and the reduction in its intake should be the main objective of any weight-reducing diet. In the non-obese，dietary advice should focus on decreasing saturated fat to below 10 percent of dietary energy intake and substituting it with a mixture of unrefined carbohydrate and monounsaturated and polyunsaturated fats. Polyunsaturates in the form of linoleic acid（corn oil，sunflower oil）should not be the only fats to replace saturated fat，because it is not certain that in large amounts they do not have harmful long-term effects. In patients with established coronary disease there is increasing interest in the long-chain omega-3 fatty acids such as those found in fish oil which are more unsaturated and reduce sudden cardiac death，probably by suppressing ventricular arrhythmias. Eating fatty fish twice a week is thus recommended. Increasingly，too，oils rich in monounsaturated oleic acid such as olive oil，present in the diet of Mediterranean people since time immemorial，are being encouraged by nutritionists as substitutes for saturated fat. Rapeseed oil，which is much cheaper，contains almost as much oleic acid as olive oil. Dietary cholesterol itself，although featuring prominently on food labels，usually has a smaller effect on serum cholesterol concentrations than saturated fat. Decreasing its absorption with foods enriched in plant sterol or stanol esters has a small hypocholesterolaemic effect，as also does mucilaginous fibre in fruit，vegetables，and oats. Avoiding coffee is probably pointless. Some authorities believe that the epidemiological evidence indicating that alcohol is protective against coronary heart disease is strong enough to justify encouraging moderate indulgence（red wine finds particular favour in view of the lower risk of coronary heart disease in southern as opposed to northern Europe）. However，alcoholic beverages in excess can lead to obesity，hypertension，atrial fibrillation，and to exacerbation of hypertriglyceridaemia.

These dietary aims do not need to be modified for the treatment of moderate hypertriglyceridaemia and are also suitable for the management of diabetes. Carbohydrate-restricted diets are no longer in general use for either of these purposes. In patients with severe hypertriglyceridaemia it is necessary to limit the production of chylomicrons and so any fat in the diet must be avoided. Often a 25 to 30 g low-fat diet（in which，if the patient is not obese，carbohydrate is substituted to maintain dietary energy intake）can be employed，but occasionally even lower fat intakes must be achieved. Lipid-lowering drugs are frequently ineffective in patients with severe hypertriglyceridaemia，whereas dietary treatment can be particularly effective. Admission to a specialized centre with experienced dietetic services is often desirable.

Drug therapy of hyperlipidaemia：The indication for drug therapy is not the failure of serum cholesterol concentration to decrease below some arbitrary level despite dietary treatment in all patients. There are people with serum cholesterol concentrations as high as 8 mmol/litre（310 mg/dL）whose risk of coronary heart disease is not sufficiently high to justify the use of lipid-lowering drugs. However，when coronary risk is high there is no scientific basis for choosing different cholesterol（or LDL cholesterol）concentrations as thresholds for intervention or as therapeutic targets. Generally if the patient is in one of the following high-risk categories lipid-lowering therapy should be instituted if the serum cholesterol persists about 5.0 mmol/litre（200 mg/dL）（LDL cholesterol ＞ 3.0 mmol/litre（＞ 120 mg/dL）and the aim of treatment should be to decrease serum cholesterol to less than 5.0 mmol/litre（200 mg/dL）（LDL cholesterol ＜ 3.0 mmol/litre（＜ 120 mg/dL）or by 25 percent（LDL by 30 percent），whichever is the lowest. Whether dietary management should be instituted at the same time as lipid-lowering drug therapy or before in order to establish whether it alone will suffice is determined by the degree of risk and the degree to which the serum cholesterol is elevated. Dietary management does not typically decrease serum cholesterol by more than 0.5 mmol/litre（20 mg/dL）. Certainly in patients with established CHD，statin treatment should be introduced without delay.

1. Lipid-modifying drugs：No major therapeutic decision，such as the introduction of a particularly restrictive diet or of lipid-modifying drug therapy，should be taken as the result of a single cholesterol determination，because this will be influenced both by biological and by laboratory variation. A laboratory result for cholesterol concentration is generally within ±10 percent of the true mean value，but may occasionally fluctuate more widely. Increasingly，portable or “on-site” cholesterol analysers are being used in an attempt to make cholesterol measurement as immediate for the clinician as that of blood pressure. This has some advantages，but it must be remembered that such tests may be more expensive than those performed in the laboratory，they are generally less accurate unless performed by someone who is trained and regularly uses the instrument，and the calibrations usually differ from those employed in hospital laboratories.

Non-fasting cholesterol concentrations are satisfactory for the management of patients responding to simple dietary measures，but for those in whom drug therapy is under consideration，two fasting determinations of cholesterol，triglycerides，and HDL cholesterol are generally necessary（serum cholesterol and HDL cholesterol concentrations are not affected by meals，but serum triglyceride levels are）. Knowledge of the HDL and triglyceride levels is essential at this stage because abnormal values for these would be an additional factor in favour of lipid-lowering drug therapy，and because their concentration may influence the choice of drug. Fasting blood glucose and serum creatinine and transaminases should also be measured，and urine should be tested for protein. Serum thyroxine should be measured if there is any suspicion of hypothyroidism，and some authorities advocate its measurement in all patients whose serum cholesterol exceeds 8 mmol/litre（310 mg/dL）even if hypothyroidism is not clinically evident.

The first-line therapy in all forms of hypercholesterolaemia，except that associated with triglyceride levels exceeding 5 mmol/litre（200 mg/dL），are the statin drugs（3-hydroxy-3-methylglutaryl CoA reductase inhibitors）—atorvastatin，fluvastatin，lovastatin，pravastatin，rosuvastatin，and simvastatin. These agents are often effective，even in marked hypercholesterolaemia，as monotherapy. They also have a triglyceride-lowering effect，which tends to be related to the extent to which they lower cholesterol but which is generally less than with a fibrate drug. Evidence that statins decrease coronary events is provided by three large secondary prevention trials using simvastatin or pravastatin，two primary prevention trials which employed pravastatin or lovastatin，and one trial which combined primary and secondary prevention patients and involved simvastation. Advantage may be taken of the synergism of statins with bile acid sequestrating agents（cholestyramine and colestipol），by prescribing two sachets in the morning with an evening dose of statin，in patients resistant to statins alone. Their use in combination with fibrate drugs requires strict clinical supervision；because there is an increased risk that myositis may ensue. There is a small incidence of this occurring spontaneously in patients on statins，and creatine kinase levels should be monitored. Erythromycin and cyclosporin also increase the risk of myositis，and care must be taken if statins are used after cardiac or renal transplantation. Statins may be particularly valuable in patients with renal disease in whom fibrates are contraindicated and in whom bile acid sequestrating agents may exacerbate hypertriglyceridaemia；these latter agents are particularly poorly tolerated in patients already receiving multiple drug regimes.

In patients whose hypercholesterolaemia is combined with more marked hypertriglyceridaemia，the fibrate drugs（bezafibrate，ciprofibrate，fenofibrate，gemfibrozil）are first-line therapy. They are also often highly effective in type Ⅲ hyperlipoproteinaemia and useful in primary type Ⅴ hyperlipoproteinaemia and in the dyslipoproteinaemia of diabetes mellitus. Fibrates are less effective in lowering LDL cholesterol than are statins. Most of their cholesterol-lowering effect is due to a decrease in VLDL cholesterol. They do，however，decrease small dense LDL levels. This is not readily evident from routine laboratory tests，because it is unaccompanied by any substantial reduction in cholesterol. In some particularly high-risk patients with combined hyperlipidaemia statin therapy may be added to fibrate therapy in order to satisfactorily lower LDL cholesterol. The fibrate drugs raise HDL cholesterol by more than statins. They must be avoided in patients with disturbed hepatic or renal function. They potentiate anticoagulants. The mode of action of fibrate drugs，which diminish serum triglyceride levels by stimulating lipoprotein lipase and decreasing circulating non-esterified fatty acids（NEFA），probably involves stimulation of the nuclear peroxisome proliferator-activated receptor.

Nicotinic acid（niacin）can be used to lower serum cholesterol and triglyceride levels. The effective dose is usually associated with unpleasant flushing. This can be minimized if aspirin is taken before the nicotinic acid. Acipimox，a niacin analogue，has a similar spectrum of action to the fibrate drugs and causes less flushing. Probucol is a cholesterol-lowering drug，which lowers HDL cholesterol relatively more than LDL. Despite its undoubted antioxidant properties，it requires further clinical evaluation before it can be regarded as beneficial in its overall action and is now of limited availability. Fish oil pharmacological preparations have triglyceride-lowering properties in daily doses of several millilitres，but do not lower LDL cholesterol and may even exacerbate diabetic hyperlipidaemia. Preparations which concentrate the omega-3 long-chain fatty acids，eicosapentaenoic and docosahexaenoic acid may have greater therapeutic potential. Fish oil improves survival after myocardial infarction in doses which have little effect on serum triglycerides and may relate to a decreased likelihood of ventricular arrhythmias.


The Metabolic Syndrome


There has been an interest in the clustering factors，each one associated with increased risk for CVD，to what has become known as the “metabolic syndrome”. It is debated whether such clustering represents a disease entity in its own，but it helps identifying individuals at high risk for cardiovascular disease and type 2 diabetes.

Currently there are several definitions. The most recent has been issued by the International Federation of Diabetes. The pathogenesis of the metabolic syndrome and its components is complex and not well understood. However，central obesity and insulin resistance are important causative factors. Abdominal circumference is the clinical screening factor for the metabolic syndrome，much more associated with metabolic risk than body mass index.


International Diabetes Federation
 ：Metabolic Syndrome Definition：Central Obesity（defined as waist circumference ≥ 94 cm for Europid men and ≥ 80 cm for Europid women，with ethnicity specific values for other groups）plus any two of the following four factors：

Raised TG level：≥ 1.7 mmol/L（150 mg/dL），or specific treatment for this lipid abnormality.

Reduced HDL cholesterol：＜ 1.03 mmol/L（40 mg/dL）in males and ＜ 1.29 mmol/L（50 mg/dL）in females，or specific treatment for this lipid abnormality.

Raised blood pressure：systolic BP ≥ 130 or diastolic BP ≥ 85 mmHg，or treatment of previously diagnosed hypertension.
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43 Anemias



Anemia is defined as a reduction in the number of circulating erythrocytes. Anemia is present in adults if the hematocrit is less than 41 %（hemoglobin ＜ 13.5 g/dL）in males or 37 %（hemoglobin ＜ 12 g/dL）in females. It is a common manifestation of primary bone marrow disorders（resulting in impaired production of erythrocytes），primary abnormalities of erythrocytes（resulting in an increased rate of destruction），immunologic disorders，nutritional deficiencies，and a broad spectrum of systemic diseases that secondarily result in anemia. Poor diet result in folic acid deficiency and contributes to iron deficiency.

43.1 Iron deficiency anemia

Iron deficiency is a leading cause of microcytic anemia in childred and adults.When iron supply to erythroid marrow is deficient，red blood cell production is impaired and new cell released into circulation are poorly hemoglobinized.The severity of the anemia and the degree of microcytosis and hypochromia generally reflect the severity and chronicity of the iron-deficiency state.


Epidemiology


Iron deficiency is by far the most common cause of anemia worldwide and is among the most frequently encountered medical problems seen by primary care physicians in the United States. It is estimated that between 2% and 5% of adolescent females in the United States have iron deficiency sufficient to cause anemia. Elsewhere，the prevalence of iron deficiency-induced anemia is much higher，with estimates of up to 10% of the world population，or more than 500 million people，being affected. The prevalence rates are especially high in developing countries where dietary insufficiency and intestinal parasites are prevalent.


Etiology


Blood loss：Iron deficiency anemia results from an imbalance between available body iron for hemoglobin production and the minimal requirements needed to sustain normal hemoglobin production during erythropoiesis. Because of the combined effectiveness of dietary absorption and retention of iron under normal circumstances，this mismatch is most often due to blood loss. Gastrointestinal（GI）blood loss is the most common type of blood loss leading to iron deficiency，in developed countries；the blood loss is usually secondary to benign or neoplastic lesions of the GI tract. Chronic ingestion of drugs that cause GI mucosal damage is another frequent cause of blood loss；the most common offending agents are alcohol and salicylates or other nonsteroidal anti-inflammatory agents. Genitourinary（GU）tract blood loss resulting in iron deficiency is most common in menstruating women.

Reproduction and growth：Although in most cases an increased iron requirement is due to blood loss，there are also other causes of increased iron needs：rapid growth in infancy and adolescence，and both pregnancy and lactation in adulthood. It is estimated that the increased iron requirements during pregnancy，if not met with supplemental iron，may result in a deficiency equivalent to a cumulative blood loss of up to 1500 mL.

Inadequate iron intake：The other major cause of iron deficiency is inadequate iron intake. Because normally only about 1 to 2 mg per day of dietary iron intake is required to maintain homeostasis，only diets lacking this amount fail to provide adequate iron. The average Western meal contains about 6 mg of iron，and normal intestinal absorption mechanisms are highly efficient，so dietary insufficiency is not a common cause of iron deficiency. Certain diets that lack iron or contain large quantities of phytates from cereals or tannate from tea，both of which inhibit intestinal iron absorption，may result in inadequate iron absorption. Although iron is usually readily absorbed，primarily in the duodenum，pathologic states that can impair the process include generalized intestinal malabsorption，atrophic gastritis with achlorhydria，and extensive gastric surgery. In contrast，chronic use of histamine 2（H2
 ）receptor blockers or proton-pump inhibitors does not appear to be sufficient to cause iron deficiency. In the United States，celiac disease is an increasingly common cause of iron deficiency，and anemia can be the presenting manifestation of the disease.


Symptoms


Because of physiologic compensatory mechanisms，patients with mild iron deficiency anemia may be asymptomatic. Iron deficiency in these patients may be recognized during the evaluation of an underlying disease process or as part of routine laboratory studies. The findings of microcytosis and hypochromia occur only after the hematocrit has fallen to approximately 30%，so neither finding may be present in early stages. The anemia of iron deficiency，like other anemias，manifests with nonspecific symptoms such as weakness，pallor，dizziness，decreased exercise tolerance，or irritability. Rare patients，most frequently elderly women，may have dysphagia due to an esophageal stricture or web（Plummer-Vinson syndrome）. A clinical manifestation unique to iron deficiency is pica，which is an unusual craving for certain non-nutritional substances. Pica may be manifested as a craving for ice（pagophagia），or less commonly for clay（geophagia）or starch（amylophagia）；pagophagia is believed to be the most specific to iron deficiency.
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Fig.43-1 Iron deficiency anemia. Many of these red blood cells are microcytic（smaller than the nucleus of the normal lymphocyte near the center of the field）and hypochromic（with central areas of pallor that exceed half of the diameter of the cells）.



Physical findings that may be associated with the iron-deficient state include glossitis and angular stomatitis. Other less common but highly specific abnormal findings in iron deficiency is spooning of the fingernails（koilonychia）and blue-tinged sclerae.


Diagnosis


The diagnosis of iron deficiency anemia is made by laboratory testing. Because microcytic hypochromic RBCs are a sine qua non of this type of anemia，the initial screening tests consist of determination of hemoglobin levels，mean corpuscular volume，erythrocyte hemoglobin content，and reticulocyte count. In experienced hands，the peripheral blood smear is an excellent indicator of iron deficiency anemia. In iron deficiency anemia，most erythrocytes are smaller in diameter than the nucleus of a typical lymphocyte，and the area of central pallor is greater than 50% of the total diameter of the erythrocyte . Another feature is the variability of size of the erythrocytes，a finding that is in contrast to other conditions that give rise to microcytosis；the calculated variability in RBC volume（the so-called RBC volume distribution width，or RDW），is elevated early in iron deficiency anemia. The definitive diagnosis of iron deficiency anemia is made by tests that measure total body iron stores，because absence of mobilizable iron stores is unique to this microcytic hypochromic anemia. The serum ferritin level is the most reliable，noninvasive，and cost-effective indicator that is routinely available in most clinical laboratories.


Treatment


The treatment of iron deficiency anemia is replenishment of body iron stores. However，the underlying cause should always be investigated before treatment is begun，because in many cases it is a correctable and potentially fatal GI lesion.

Oral administration：The preferred route of iron administration is oral. Oral iron is most readily absorbed in the absence of food especially in the setting of decreased stomach acid production due to atrophic gastritis，gastric surgery，or chronic suppression of gastric acid with an H2
 antagonist or proton-pump inhibitor. The major obstacle to oral iron replacement is unacceptable side effects，chiefly epigastric discomfort or nausea，although diarrhea or constipation also occurs in some patients. Reducing the dose often eliminates nausea and epigastric discomfort. Given both the low toxicity and the low cost of oral iron replacement，a therapeutic trial is a complementary means for confirming a diagnosis of iron deficiency anemia.

Parenteral administration：In situations in which primary blood loss is uncontrollable，iron cannot be absorbed due to severe malabsorption，or oral iron is not tolerated despite concerted efforts to minimize side effects，parenteral iron is an effective alternative treatment. Intramuscular dosing is limited to 100 mg per injection，so intravenous（IV）administration of iron is recommended. Sodium ferric gluconate（given intravenously as a 125 mg dose over 10 minutes）is the preferred form of parenteral iron for routine use due to the low incidence of adverse reactions.

The response to iron repletion therapy is usually quite rapid，with elimination of symptoms within a few days. Increased reticulocytosis usually begins within 4 to 5 days，and the hemoglobin level often rises within 1 week and reaches a normal level after 6 weeks of therapy if adequate iron replacement is achieved. The goal of therapy，which is to reach a serum ferritin level of greater than 50 mg/L，usually takes 4 to 6 months. Therapy must be continued after adequate replacement is achieved if the underlying cause of iron deficiency is not reversible. Because of the avidity of transferrin receptor–rich erythroid precursors for transferrin-bound iron，the serum ferritin level usually will not rise until hemoglobin levels reach normal. An incomplete response，as determined by failure to normalize the hemoglobin level，usually means either that iron replacement has not been adequate or that another condition，such as anemia of chronic disease，is coexistent.

43.2 Folic acid and vitamin B12
 deficiency anemia

Folic acid and vitamin B12
 deficiency are primary uses of macrocytic anemia in adults. The megaloblastic anemias are disorders caused by impaired DNA synthesis. Cells primarily affected are those having relatively rapid turnover，especially hematopoietic precursors and gastrointestinal epithelial cells. Cell division is sluggish，but cytoplasmic development progresses normally，so megaloblastic cells tend to be large，with an increased ratio of RNA to DNA. Megaloblastic erythroid progenitors tend to be destroyed in the marrow. Thus，marrow cellularity is often increased but production of red blood cells（RBC）is decreased，an abnormality termed ineffective erythropoiesis.

Most megaloblastic anemias are due to a deficiency of cobalamin（vitamin B12
 ）and/or folic acid.


Vitamin B12
 Deficiency


Introduction：Vitamin B12
 belongs to the family of cobalamins and serves as a cofactor for two important reactions in humans. As methylcobalamin，it serves as a cofactor for methionine synthetase in the conversion of homocysteine to methionine. As adenosylcobalamin，it serves as a cofactor for the conversion of methylmalonyl-CoA to succinyl-CoA. All vitamins B12
 comes from the diet，and vitamin B12
 is present in all foods of animal origin. The daily absorption of vitamin B12
 is 5ug.After being ingested，vitamin B12
 becomes bound to intrinsic factor，a protein secreted by gastric parietal cells. Other cobalamin-binding proteins（called R factors）compete with intrinsic factor for vitamin B12
 .Vitamin B12
 bound to R factors cannot be absorbed. The vitamin B12
 -intrinsic factor complex travels through the intestine and is absorbed in the terminal ileum by cells with specific receptors for the complex. It is then transported through plasma and stored in the liver. Three plasma transport proteins have been identified. Transcobalamins Ⅰ and Ⅲ（differing only in carbohydrate structure）are secreted by white blood cells. Although approximately 90% of plasma vitamin B12
 circulates bound to these proteins，only transcobalamin Ⅱ is capable of transporting vitamin B12
 into cells. The liver contains 2000—5000μg of stored vitamin B12
 . Since daily losses are 3—5μg/d. The body usually has sufficient stores of vitamin B12
 so that vitamin B12
 deficiency develops more than 3 years after vitamin B12
 absorption ceases.

Etiology：Since vitamin B12
 is present in all foods of animal origin，dietary vitamin B12
 deficiency is extremely rare and seen only in vegans-strict vegetarians who avoid all dairy products as well as meat and fish. Abdominal surgery may lead to vitamin B12
 deficiency in several ways. Gastrectomy will eliminate that site of intrinsic factor production；blind loop syndrome will cause competition for vitamin B12
 by bacterial overgrowth in the lumen of the intestine；and surgical resection of the ileum will eliminate the site of vitamin B12
 absorption.

The most common cause of vitamin B12
 deficiency is that associated with pernicious anemia. Although the disease is hereditary，it is rarely manifested before age 35. Pernicious anemia produce a number of clinical findings in addition to vitamin B12
 deficiency. Atrophic gastritis is invariably present and results in histamine-fast achlorhydria. These patients may also have a number of other autoimmune diseases，including IgA deficiency，as well as polyglandular endocrine insufficiency. The atrophic gastritis is associated with an increased risk of gastric carcinoma.

Symptoms and signs：The hallmark of vitamin B12
 deficiency is megaloblastic anemia. The anemia may be severe，with hematocrits as low as 10%—15%. The megaloblastic state also produces changes in mucosal cells，leading to glossitis as well as other vague gastrointestinal disturbances such as anorexia and diarrhea .Vitamin B12
 deficiency also leads to a complex neurologic syndrome. Peripheral nerves are usually affected first，and patients complain initially of paresthesias. The posterior columns next become impaired and patients complain of difficulty with balance. In more advanced cases，cerebral function may be altered as well，and on occasion dementia and other neuropsychiatric changes may precede hematologic changes.On examination，patients are usually pale and may be mildly icteric. Examination will reveal decreased vibration and position sense.

Laboratory findings：The megaloblastic state produces an anemia of variable severity that on occasion may be very severe. The MCV is usually strikingly elevated，between 110 and 140 fL.However，it is possible to have vitamin B12
 deficiency with a normal MCV. Occasionally，the normal MCV may be explained by coexistent thalassemia or iron deficiency，but in other cases the reason for normal MCV is obscure. Patients with neurologic symptoms and signs that Suggest possible vitamin B12
 deficiency should be thoroughly evaluated for the possibility of that deficiency despite a normal MCV and the absence of anemia. The peripheral blood smear is usually strikingly abnormal，with anisocytosis and poikilocytosis. A characteristic finding is the macro-ovalocyte，but numerous other shapes are usually seen. The neutrophils are hypersegmented. Typical features include a mean lobe count greater than four or the finding of six-lobed neutrophils.The reticulocyte count is reduce. Because vitamin B12
 deficiency affects all hematopoietic cell lines，in many cases the white blood cell count and platelet count are reduced，and pancytopenia is present. Bone marrow morphology is characteristically abnormal. Marked erythroid hyperplasia is present as a response to defective red blood cell production（ineffective erythropoiesis）. Megaloblastic changes in the erythroid series include abnormally large cell size and asynchronous maturation of the nucleus and cytoplasmie，cytoplasmic maturation continues while impaired DNA synthesis causes retarded nuclear development. In the myeloid series，giant metamyelocytes are characteristically seen.

Diagnosis and differential diagnosis：The diagnosis of vitamin B12
 deficiency is made by finding an abnormally low vitamin B12
 serum level. Whereas the normal vitamin B12
 level is 150—350 pg/mL，most patients with overt vitamin B12
 deficiency will have serum levels less than 100 pg/ mL. The Schilling test is used to document the decreased absorption of oral vitamin B12
 characteristic of pernicious anemia. Vitamin B12
 deficiency should be differentiated from folic acid deficiency. The other common cause of megaloblastic anemia，in which red blood cell folate is low while vitamin B12
 levels are normal. The distinction between vitamin B12
 deficiency and myelodysplasia（the other common cause of macrocytic anemia with abnormal morphology）is based on the characteristic morphology and the low vitamin B12
 level. Neurologic symptoms or signs suggestive of vitamin B12
 deficiency should be evaluated for that disorder even in the absence of anemia or macrocytosis.

Treatment：Patients with pernicious anemia are often treated with parenteral therapy. Intramuscular injections of 100 μg of vitamin B12
 are adequate for each dose. Replacement is usually given daily for the first week，weekly for the first month，and then monthly for life. Pernicious anemia is a lifelong disorder，and if patients discontinue their monthly therapy，the vitamin deficiency will recur. Oral cobalamin may be used instead of parenteral therapy in a dose of 1000 μg/d and must be continued indefinitely.

Patients respond to therapy with an immediate improvement in their sense of well-being. Hypokalemia may complicate the first several days of therapy，particularly if the anemia is severe. A brisk reticulocytosis occurs in 5—7 days，and the hematologic picture normalizes in 2 months. Central nervous system symptoms and signs are reversible if they are of relatively short duration（less than 6 months），but they may be permanent if treatment is not initiated promptly.


Folic Acid Deficiency


Introduction：Folic acid is the term commonly used for pteroylmonoglutamic acid. In its reduced form of tetrahydrofolate，it serves as an important mediator of many reactions involving one-carbon transfers.Important reactions include the conversion of homocysteine to methionine and of deoxyuridylate to thymidylate，an important step in DNA synthesis. Folic acid is present in most fruits and vegetables（especially citrus fruits and green leafy vegetables）and daily requirements of 50—100 μg/d are usually met in the diet.Total body stores of folate are approximately 5000 μg，enough to supply requirement for 2—3 months.

Etiology：By far the most common cause deficiency is inadequate dietary intake. Alcoholics，anorectic patients，persons who do not eat fresh fruits and vegetables，those who overcook their food are candidates for folate deficiency. Reduced folate absorption is rarely seen，since absorption occurs from the entire gastrointestinal tract. However，drugs such as phenytion，trimethoprim-sulfamethoxazole，or sulfasalazine may interfere with folate absorption. Folic acid requirements are increased in pregnancy，hemolytic anemia，and exfoliative skin disease，and in these cases the increased requirements may not be met by a normal diet. Patients with increased folate requirements should receive supplementation with 1 mg/d of folic acid.

Symptoms and signs：The features are similar to those of vitamin B12
 deficiency，with megaloblastic anemia and megaloblastic changes in mucosa. However，there are none of the neurologic abnormalities associated with vitamin B12
 deficiency.

Laboratory findings：Megaloblastic anemia is identical to that resulting from vitamin B12
 deficiency. However，the serum vitamin B12
 level is normal. In contrast，the serum folic acid level is low，usually less than 3 ng/mL. The red blood cell folate level is more reliable and has replaced serum folate as the appropriate test. A red blood cell folate level of less than 150 ng/mL is diagnostic of folate deficiency.

Diagnosis and differential diagnosis：The megaloblastic anemia of folate deficiency should be differentiated from vitamin B12
 deficiency by the finding of a normal vitamin B12
 level and a reduced red blood cell folate or serum folate level. Alcoholics，who often have folate deficiency，may also have anemia of liver disease. This latter macrocytic anemia does not cause megaloblastic morphologic changes but rather produces target cells in the peripheral blood. Patients with HIV -related illnesses being treated with zidovudine develop macrocytosis without megaloblastic morphology. Hypothyroidism is associated with mild macrocytosis but also with pernicious anemia.

Treatment：Folic acid deficiency is treated with Folic acid，1 mg/d orally. The response is similar to that seen in the treatment of vitamin B12
 deficiency，with rapid improvement and a sense of well-being，reticulocytosis in 5—7 days，and total correction of hematologic abnormalities within 2 months. Large doses of folic acid may produce hematologic responses in cases of vitamin B12
 deficiency but will allow neurologic damage to progress.

43.3 Aplastic anemia

Aplastic anemia is a disorder of hematopoiesis characterized by pancytopenia and a marked reduction or depletion of erythroid，granulocytic，and megakaryocytic cells in bone marrow. Hematopoiesis is markedly decreased as shown by the near absence of myeloid elements and by the absence or low numbers of CD34 and colony-forming cells in bone marrow. In aplastic anemia，hematopoietic stem cells are unable to proliferate，differentiate，or give rise to mature blood cells and their precursors. In most cases，this failure of stem cells seems to result from an immune mechanism.


Epidemiology


The incidence of aplastic anemia in Western countries is about two new cases per 1 million persons per year. The incidence is higher in Asia，with almost four new cases per 1 million persons per year in China. The disease occurs at all ages but is more common in young adults aged 15 to 30 years and in persons older than 60. The incidence is similar in males and females.


Etiology


Aplastic anemia may occur as the result of inherited abnormalities，such as Fanconi’s anemia，but most cases are acquired. Causative factors include drugs，viruses，organic compounds，and radiation. For more than 50% of patients，however，no cause can be determined.


Pathobiology


Bone marrow failure results from severe damage to the hematopoietic cell compartment. In aplastic anemia，replacement of the bone marrow by fat is apparent in the morphology of the biopsy specimen and magnetic resonance imaging of the spine；cells bearing the CD34 antigen，a marker of early hematopoietic cells，are greatly diminished；and in functional studies，committed and primitive progenitor cells are virtually absent .In vitro assays have suggested that the stem cell pool is reduced to 1% of normal in severe disease at the time of presentation.

The recovery of marrow function in some patients prepared for bone marrow transplantation with antilymphocyte globulin（ALG）first suggested that aplastic anemia might be immune-mediated.


Symptoms and Signs


The most common initial symptoms of aplastic anemia are caused by anemia and thrombocytopenia：progressive weakness，fatigue，headaches，dyspnea on exertion，petechia，ecchymoses，epistaxis，metrorrhagia，and gum bleeding. Even when the neutropenia is very severe，infection is rarely an initial symptom.The most frequent physical findings are cutaneous and conjunctival pallor and hemorrhages（petechiae，ecchymoses，and gum bleeding）. If the anemia is severe，the patient may be tachy-cardic and have cardiac murmurs associated with high-flow states. Hepatosplenomegaly and lymphadenopathy are notably absent.


Diagnosis and Differential Diagnosis


The diagnosis of aplastic anemia should be considered if a pancytopenic patient has a normochromic，normocytic（or slightly macrocytic），and aregenerative anemia；thrombocytopenia with normal-sized platelets；neutropenia；and no abnormal cells in the leukocyte differential. The absolute reticulocyte count is low because the anemia is secondary to reduced or absent red cell production. Confirmation of the diagnosis requires morphologic and cytogenetic evaluation of the bone marrow.Bone marrow typically shows numerous spicules with empty fatty spaces and a few hematopoietic cells. The hypocellularity is due to a marked decrease in megakaryocytes and granulocytic and erythroid cells. Lymphocytes，plasma cells，and mast cells are relatively increased and，in severe cases，constitute more than 65% of the cells.
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Fig.43-2 Aplastic anemia.A bone marrow biopsy specimen shows a virtually empty marrow.



Cytogenetic studies are important to distinguish aplastic anemia from myelodysplasia：the presence of clonal chromosomal abnormalities favors myelodysplasia，but a normal karyotype does not exclude it.Patients with hypocellular myelodysplastic syndrome also have pancytopenia and hypocellular bone marrow. Hypocellular acute leukemia can be misdiagnosed as aplastic anemia when the few mononuclear cells present in bone marrow are not identified as blasts. Although hairy cell leukemia is usually manifested as splenomegaly and hypercellular marrow，the diagnosis is established by recognizing the few hairy cells by their typical morphology，as well as by their cytochemical and phenotypic characteristics.


Determination of Severity


Aplastic anemia can be categorized as moderate，severe，or very severe based on the degree of pancytopenia. Severe aplastic anemia is defined by two or more of the following criteria：neutrophils less than 500/mL，platelets less than 20，000/mL，and reticulocytes less than 20，000/mL；these patients have an 80% risk for death by 2 years after diagnosis if treated with supportive care alone. The very severe form meets the aforementioned criteria and in addition has a neutrophil count of less than 200/mL；this very severe form has the worst prognosis，with a lower response rate and poorer survival rate after immunosuppressive therapy. Patients with less profound cytopenia（neutrophils ＞500/mL，platelets ＞20，000/mL，and reticulocytes ＞20，000/mL）are classified as having a moderate form of aplastic anemia.


Treatment


Prompt and aggressive treatment is indicated for most patients. If a specific cause is suspected，withdrawal of the etiologic agent is the most direct approach to treatment.Once the diagnosis of aplastic anemia is established，family HLA typing should be performed as soon as possible，particularly in younger patients（＜50 years）because these individuals are most likely to benefit from stem cell transplantation from a histocompatible sibling. Transplantation is a curative treatment，but it is associated with an early mortality risk ranging from 10% in children and young adults to more than 20% in older patients.
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Fig.43-3 Management of aplastic anemia. HLA = human leukocyte antigen；KPS = Karnofsky performance status score. *Alternative therapy includes a second course of immunosuppressive therapy and allogeneic stem cell transplantation from an HLA-matched sibling for older patients and stem cell transplantation from an unrelated donor or a partially matched related donor for younger and older patients who are refractory to immunosuppressive therapies and are also severely thrombocytopenic and refractory to platelet transfusions.




Immunosuppression：
 Immunosuppression is the most common therapy used for aplastic anemia because only 25% to 30% of patients have a histocompatible sibling. In older adult patients，the choice between immunosuppression and allogeneic stem cell transplantation is sometimes difficult because of differences in short- and long-term complications. Immunosuppression has a low early mortality rate（＜10%），but it is not curative and carries a 30% to 50% risk for relapse and a 20% to 30% probability of development of a myelodysplastic syndrome or PNH.


ATG
 （40 mg/（kg•d）for 4 days）alone or in combination with cyclosporine（10 mg/（kg•d）divided into two doses，with dose adjustments as needed to maintain levels of 200 to 400 μg/mL for 3 to 6 months and then tapered over a period of 3 months）is the treatment of choice for aplastic patients who lack a histocompatible sibling or are older than 40 years. Combined ATG plus cyclosporine is recommended for patients with the severe and very severe forms of aplastic anemia，whereas ATG alone is often used for patients with moderate aplastic anemia.


High-dose cyclophosphamide
 （50 mg/（kg•d）for 4 days）has also been used successfully to treat patients with aplastic anemia who lack a suitable donor，but experience with this approach is limited，which caused more toxicity，fungal infections，and deaths.


Corticosteroids
 are no longer used as single agents because of their side effects and the better response rates achieved with ATG and cyclosporine. Treatment with androgens is not beneficial in aplastic anemia.

Allogeneic hematopoietic stem cell transplantation：Hematopoietic stem cell transplantation from an HLA-compatible sibling is curative in patients with aplastic anemia. Unfortunately，this approach is applicable only to a minority of patients because the proportion who has an HLA-matched sibling is on the order of 25% to 30%. Current survival rates are about 70% to 90%. Marrow or peripheral blood stem cell transplants from a related single HLA allele-mismatched donor or from an HLA-matched unrelated donor are an accepted form of therapy for aplastic anemia when patients have no histocompatible siblings，have failed immunosuppressive therapy，and are refractory to platelet transfusions.

Supportive therapy：Red cell and platelet transfusions should be used with caution because of short- and long-term complications. The risk of bleeding should be carefully assessed，and platelet transfusions should be given only when the platelet count is less than 10，000/mL or if there is active bleeding with a higher platelet count. Packed red cells should also be transfused when the hemoglobin concentration is less than 7 g/dL.

Patients with aplastic anemia in whom sepsis or other severe bacterial or fungal infections develop require intensive treatment with parenteral antibacterial and antifungal agents. Leukocyte transfusions are indicated only in severely neutropenic（＜200/mL）patients who have documented fungal or bacterial infections that are caused by organisms resistant to first-line antifungal or antibacterial therapy.Hematopoietic growth factors particularly granulocyte colony-stimulating factor（G-CSF），may stimulate more rapid correction of severe neutropenia.











44 Leukemias






44.1 The acute leukemias


Introduction


Normal hematopoiesis requires tightly regulated proliferation and differentiation of pluripotent hematopoietic stem cells that become mature peripheral blood cells. Acute leukemia is the result of a malignant event or events occurring in an early hematopoietic precursor. Instead of proliferating and differentiating normally，the affected cell gives rise to progeny that fail to differentiate but continue to proliferate in an uncontrolled fashion. As a result，immature myeloid cells in acute myeloid leukemia（AML），or lymphoid cells in acute lymphoblastic leukemia（ALL）—often called blasts—rapidly accumulate and progressively replace the bone marrow，diminishing the production of normal red cells，white cells，and platelets. This loss of normal marrow function in turn gives rise to the common clinical complications of leukemia：anemia，infection，and bleeding. With time，the leukemic blasts pour out into the blood stream and eventually occupy the lymph nodes，spleen，and other vital organs. If untreated，acute leukemia is rapidly fatal；most patients die within several months after diagnosis. With appropriate therapy，however，the natural history of acute leukemia can be markedly altered，and many patients can be cured.


Etiology


In most cases，acute leukemia develops for no known reason，but sometimes a possible cause can be identified. Heredity，radiation，chemical and other occupational exposures，and drugs have been implicated in the development of AML. No direct evidence suggests a viral etiology.

Radiation：Ionizing radiation is leukemogenic. ALL，AML，and CML are all increased in incidence among patients given radiation therapy for ankylosing spondylitis and among survivors of the atomic bomb blasts at Hiroshima and Nagasaki.

Oncogenic viruses：The search for a viral cause of leukemia has been intensely pursued，but only two clear associations have been found. Human T-cell lymphotropic virus type Ⅰ，an enveloped，single-stranded RNA virus，is considered to be the causative agent of adult T-cell leukemia（ATL）.Epstein-Barr virus，the DNA virus that causes infectious mononucleosis，is associated with Burkitt’s lymphoma and its leukemic counterpart，mature B-cell ALL.

Chemicals and drugs：Heavy occupational exposure to benzene and benzene-containing compounds such as kerosene and carbon tetrachloride may lead to marrow damage，which can take the form of aplastic anemia，myelodysplasia，or AML. A link between leukemia and tobacco use has recently been reported. With increasing use of chemotherapy to treat other malignancies，the incidence of AML secondary to prior chemotherapy has increased and may represent 6% to 10% of all cases. Prior exposure to alkylating agents such as melphalan and the nitrosoureas is associated with an increased risk of secondary AML，often first manifested as a myelodysplastic syndrome，frequently with abnormalities of chromosomes 5，7，and 8，but with no distinct morphologic features.

Heredity：Certain syndromes with somatic cell chromosome aneuploidy，e.g.，Down（chromosome 21 trisomy），Klinefelter（XXY and variants），and Patau（chromosome 13 trisomy），are associated with an increased incidence of AML. Inherited diseases with excessive chromatin fragility，e.g.，Fanconi anemia，Bloom syndrome，ataxia telangiectasia，and Kostmann syndrome，are also associated with acute leukemias.The acute leukemias are clonal disorders，and all leukemic cells in a given patient are descended from a common progenitor. The clonal nature of acute leukemia suggests that there are leukemic stem cells capable of both self-renewal and proliferation.


Classification


The acute leukemias can be classified in a number of ways，including morphology，cytochemistry，cell surface markers，cytoplasmic markers，cytogenetics，and oncogene expression. For more than three decades the French-American-British（FAB）system，which relies on morphology，was the principal method of classification.

The FAB classification of acute leukemia has two broad categories：acute lymphocytic and acute myeloid leukemia.Some types of acute myeloid leukemias have acute undifferentiated leukemia（M0），acute myeloid leukemia with minimal differentiation（M1），acute myeloid leukemia with differentiation（M2），acute promyelocytic leukemia（M3），acute myelomonocytic leukemia（M4），acute monocytic leukemia promonocytes（M5），acute erythroleukemia（M6），acute megakaryocytic leukemia（M7）. Some types of acute lymphocytic leukemias have acute lymphoid leukemia，childhood variant（L1），acute lymphoid leukemia，adult variant（L2），burkitt-like acutelymphoid leukemia（L3）.The acute leukemias，the proposed new World Health Organization（WHO）classification incorporates genetic aberrations and immunology as major defining features in addition to morphology.Cytogenetic study have emerged as the most powerful prognostic factor in the acute leukemias.Favorable cytogenetics in acute myeloid leukemia include t（8；21），t（15；17），and inv（16）（p13；q22）. Favorable cytogenetics in acute lymphocytic leukemia are the hyperdiploid states.Un-favorable cytogenetics are monosomy 5 and 7，Philadelphia chromosome，and abnormalities of 11q23.


Symptoms and Signs


The signs and symptoms of acute leukemia are usually rapid in onset，developing over a few weeks to at most a few months，and result from decreased normal marrow function and invasion of normal organs by leukemic blasts. Anemia is present at diagnosis in most patients and causes fatigue，pallor，headache，and，in predisposed patients，angina or heart failure. Thrombocytopenia is usually present，and approximately one third of patients have clinically evident bleeding at diagnosis，usually in the form of petechiae，ecchymoses，bleeding gums，epistaxis，or hemorrhage. Most patients with acute leukemia are significantly granulocytopenic at diagnosis. As a result，approximately one third of patients with AML and slightly fewer patients with ALL have significant or life-threatening infections when initially seen，most of which are bacterial in origin.

In addition to suppressing normal marrow function，leukemic cells can infiltrate normal organs. In general，ALL tends to infiltrate normal organs more often than AML does. Enlargement of lymph nodes，liver，and spleen is common at diagnosis. Bone pain，thought to result from leukemic infiltration of the periosteum or expansion of the medullary cavity，is a common complaint，particularly in children with ALL. Leukemic cells sometimes infiltrate the skin and result in a raised，nonpruritic rash，a condition termed leukemia cutis. Leukemic cells may infiltrate the leptomeninges and cause leukemic meningitis，typically manifested by headache and nausea. The CNS requires special therapy. Testicular involvement is also seen in ALL，and the testicles are a frequent site of relapse. In AML，collections of leukemic blast cells，often referred to as chloromas or myeloblastomas，can occur in virtually any soft tissue and appear as rubbery，fast-growing masses.

Certain clinical manifestations are unique to specific subtypes of leukemia. Patients with APL of the M3 type commonly have subclinical or clinically evident disseminated intravascular coagulation（DIC）caused by tissue thromboplastins that are present in the leukemic cells and released as these cells die. Acute monocytic or myelomonocytic leukemias are the forms of AML most likely to have extramedullary involvement. M6 leukemia often has a long prodromal phase. Patients with T-cell ALL frequently have mediastinal masses.


Diagnosis


Abnormalities in peripheral blood counts are usually the initial laboratory evidence of acute leukemia. Anemia is present in most patients. Most are also at least mildly thrombocytopenic，and up to one fourth have severe thrombocytopenia（platelets ＜20，000/μL）. Although most patients are granulocytopenic at diagnosis，the total peripheral white cell count is more variable；approximately 50% have white cell counts between 5000 and 50，000/μL，in most cases，blasts are present in the peripheral blood，although in some patients the percentage of blasts is quite low or absent.

The diagnosis of acute leukemia is typically established by marrow aspiration and biopsy. Marrow aspirates and biopsy specimens are usually hypercellular and contain 20% to 100% blast cells，which largely replace the normal marrow. The prothrombin and partial thromboplastin times are sometimes elevated. In APL，reduced fibrinogen and evidence of DIC are also often seen. Other laboratory abnormalities frequently present are hyperuricemia，in cases of high cell turnover and cell death（e.g.，L3 ALL），evidence of tumor lysis syndrome may be noted at diagnosis.


Differential Diagnosis


The diagnosis of acute leukemia is usually straightforward but can occasionally be difficult. Both leukemia and aplastic anemia can be manifested by peripheral pancytopenia，but the finding of a hypoplastic marrow without blasts usually distinguishes aplastic anemia.A number of processes other than leukemia can lead to the appearance of immature cells in the peripheral blood. Although other small round cell neoplasms can infiltrate the marrow and sometimes mimic leukemia，immunologic markers are effective in differentiating the two.Leukemoid reactions to infections such as tuberculosis can result in the outpouring of large numbers of young myeloid cells，but the proportion of blasts in marrow or peripheral blood almost never reaches 20% in a leukemoid reaction.


Treatment


With the development of effective programs of combination chemotherapy and advances in hematopoietic stem cell transplantation，many patients with acute leukemia can be cured.

Preparing the patient for therapy：Severe bleeding usually results from thrombocytopenia，which can be reversed with platelet transfusions to maintain the platelet count higher than 10，000 to 20，000/μL. If active bleeding is due to DIC，low doses of heparin（50 U/kg）given intravenously every 6 hours can be of benefit. Platelets and fresh-frozen plasma（or cryoprecipitate）should be transfused to maintain the platelet count higher than 50，000/μL and the fibrinogen level greater than 100 mg/dL until the DIC abates. Patients with fever and granulocytopenia should have blood cultures obtained；while awaiting culture results，infection should be assumed and broad-spectrum antibiotics begun empirically. Patients with very high blast counts（＞100，000/μL）may have symptoms attributable to the effects of masses of these immature cells on blood flow. The leukostasis may evolve into vascular injury and local hemorrhage. Leukapheresis，and administration of hydroxyurea（3 g/m2
 given orally for 2 or 3 days）can usually prevent this complication.

Treatment of acute lymphoblastic leukemia：Treatment of newly diagnosed ALL can be divided into three phases：remission induction，postremission therapy，and CNS prophylaxis.

Remission induction：The initial goal of treatment is to induce CR，defined as the reduction of leukemic blasts to undetectable levels and restoration of normal marrow function. A number of different chemotherapeutic combinations can be used to induce remission；all include vincristine and prednisone，and most add l-asparaginase and daunorubicin，administered over a period of 3 to 4 weeks. With such regimens，CR is achieved in 90% of children and 80% to 90% of adults.

Chemotherapy after CR can be given in a variety of combinations，dosages，and schedules. The term consolidation chemotherapy refers to short courses of further chemotherapy given at doses similar to those used for initial induction（requiring rehospitalization）. In the case of ALL，such drugs include high-dose methotrexate，cyclophosphamide，and cytarabine，among others. Maintenance involves the administration of low-dose chemotherapy on a daily or weekly outpatient basis for long periods. The optimal duration of maintenance chemotherapy is unknown，but maintenance is usually given for 2 to 3 years. Optimal chemotherapy for ALL requires both consolidation and maintenance chemotherapy.

Central nervous system prophylaxis：Most chemotherapeutic agents，when given intravenously or orally，do not penetrate the CNS well. However，systemic chemotherapy with high-dose methotrexate（e.g.，200 mg/m2
 intravenously over 2 hours followed by 800 mg/m2
 over 22 hours）and cytarabine（e.g.，3 g/m2
 over 2 hours every 12 hours for 4 doses）can achieve therapeutic drug levels within the CNS. Alternatives are intrathecal methotrexate，intrathecal methotrexate combined with 2400 cGy radiation to the cranium，or 2400 cGy to the craniospinal axis.

Prognosis after initial chemotherapy：A number of factors are predictive of outcome in ALL，the most important of which are younger age，a lower white cell count at diagnosis，and favorable cytogenetics. With currently available treatment regimens，50% to 70% of children and 25% to 45% of adults who initially achieve CR maintain that state for more than 5 years，and these patients are probably cured of their disease.

Hematopoietic stem cell transplantation：The use of high-dose chemoradiotherapy followed by hematopoietic stem cell transplantation from an HLA-identical sibling can cure 20% to 40% of patients with ALL who fail to achieve an initial remission or who have a relapse after an initial CR and 50% to 60% of patients who undergo transplantation during first remission.


Treatment of acute myeloid leukemia


1. Remission induction：Treatment with a combination of an anthracycline（daunomycin 45 to 60 mg/m2
 /day for 3 days or idarubicin 12 mg/m2
 /day for 3 days）and cytarabine（100 to 200 mg/m2
 /day for 7 days）leads to CR in 60% to 80% of patients with AML. Profound myelosuppression always follows when these agents are used at doses capable of achieving CR. Failure to achieve CR is usually due to either drug resistance or fatal complications of myelosuppression.

2. Postremission therapy：Intensive consolidation chemotherapy with repeated courses of daunomycin and cytarabine at doses similar to those used for induction，high-dose cytarabine（1 to 3 g/m2
 /day for 3 to 6 days），or other agents prolongs the average remission duration and improves the chances for long-term disease-free survival. The best results reported to date with chemotherapy have generally been with repeated cycles of high-dose cytarabine. In AML，leukemic recurrence occurs less often in the CNS（～10% of cases），most commonly in patients with the M4 or M5 variant.

3. Prognosis of acute myeloid leukemia after initial chemotherapy：Among patients in whom CR is achieved，20% to 40% remain alive in continuous CR for more than 5 years，suggesting probable cure. As with ALL，younger patients and those with a low white cell count at diagnosis have a more favorable outcome. Patients whose disease is characterized by certain chromosomal abnormalities，particularly t（8；21），t（15；17），and inv（16），do somewhat better，whereas those with 5q-
 ，-7，11q23，inv（3），or t（6；9）do worse. Patients who have a preleukemic phase before their condition evolves into acute leukemia and those whose leukemia is secondary to prior exposure to alkylating agents or radiation respond poorly to chemotherapy. Expression of the multidrug resistance gene 1（MDR1）is also associated with a worse outcome.

Treatment of acute promyelocytic leukemia：CR can be induced in at least 90% of patients with APL by using all-trans-retinoic acid（ATRA；45 mg/m2
 /day until CR）in combination with an anthracycline. Patients treated with ATRA usually have their coagulation disorders corrected within several days. A unique toxicity of ATRA in the treatment of APL is the development of hyperleukocytosis accompanied by respiratory distress and pulmonary infiltrates. By combining ATRA with anthracyclines for induction and consolidation，then using ATRA as maintenance therapy，approximately 70% of patients can be cured.Arsenic trioxide（0.15 mg/（kg•d）until CR）is effective in patients with recurrent APL and is being studied as part of the primary treatment.

Hematopoietic stem cell transplantation：For patients with AML in whom an initial remission cannot be achieved or for those who have a relapse after chemotherapy，stem cell transplantation from an HLA-identical sibling offers the best chance for cure. Fifteen percent of patients with end-stage disease can be saved by this treatment. If the procedure is applied earlier，the outcome is better：approximately 30% of patients who undergo stem cell transplantation at first relapse or second remission are cured，and 50% to 60% of patients are cured if stem cell transplantation is performed during first remission. A large number of studies have prospectively compared the outcome of allogeneic stem cell transplantation with that of chemotherapy in patients with AML in first remission. Currently，allogeneic stem cell transplantation is the treatment of choice for patients with AML who have an initial relapse，and it should be strongly considered for patients with high- or intermediate-risk disease during first remission.

Management of complications：Treatment of acute leukemia，especially AML，is accompanied by a number of complications，the two most serious and frequent being infection and bleeding.

Adequate and prompt blood bank support is critical to therapy of AML. Platelet transfusions should be given as needed to maintain a platelet count＞10，000 to 20，000/μL. We believe that the platelet count should be kept at higher levels in febrile patients and during episodes of active bleeding or DIC. Red blood cell transfusions should be administered to keep the hemoglobin level＞80 g/L（8 g/dL）in the absence of active bleeding or DIC.

Infectious complications remain the major cause of morbidity and death during induction and postremission chemotherapy for AML.Prophylactic administration of antibiotics in the absence of fever is controversial. Fever develops in most patients with AML，but infections are documented in only half of febrile patients. Early initiation of empiric broad-spectrum antibacterial and antifungal antibiotics has significantly reduced the number of patients dying of infectious complications.

Specific antibiotic regimens should be based on antibiotic sensitivity data obtained from the institution at which the patient is being treated. Acceptable regimens include imipenem-cilastin，an antipseudomonal semisynthetic penicillin（e.g.，piperacillin）combined with an aminoglycoside，a third-generation cephalosporin with antipseudomonal activity（i.e.，ceftazidine or cefapime）or doubleb-lactam combinations（ceftazidine and piperacillin）. Empiric vancomycin should be initiated in neutropenic patients who remain febrile for 3 days，and amphotericin B is added at 7 days if fever persists.

Recombinant hematopoietic growth factors have been incorporated into clinical trials in AML. These trials have been designed to lower the infection rate after chemotherapy or to sensitize（prime）the leukemic blasts to chemotherapy，or both. Both granulocyte colony stimulating factor（G-CSF）and granulocyte-macrophage colony stimulating factor（GM-CSF）have reduced the median time to neutrophil recovery，but it has not improved the complete response rate or altered survival.

44.2 Chronic myelogenous leukemia

Chronic myelogenous leukemia（CML），also called chronic myeloid leukemia，chronic myelocytic leukemia，and chronic granulocytic leukemia，is a clonal myeloproliferative disorder of the primitive hematopoietic stem cell that is characterized by overproduction of cells of the myeloid series，which results in marked splenomegaly and leukocytosis. Basophilia and thrombocytosis are common. A characteristic cytogenetic abnormality，the Philadelphia（Ph）chromosome，is present in the bone marrow cells in more than 90% of cases. Most patients（85% to 90%）present in the chronic phase. Eventually，if poorly controlled，CML evolves into the accelerated and blastic phases.


Symptoms and Signs


The clinical onset of the chronic phase is generally insidious. Accordingly，some patients are diagnosed while still asymptomatic，during health screening tests；other patients present with fatigue，malaise，and weight loss or have symptoms resulting from splenic enlargement，such as early satiety and left upper quadrant pain or mass. Less common are features related to granulocyte or platelet dysfunction，such as infections，thrombosis，or bleeding. Occasionally，patients present with leukostatic manifestations due to severe leukocytosis or thrombosis such as vasoocclusive disease，cerebrovascular accidents，myocardial infarction，and venous thrombosis.

Progression of CML is associated with worsening symptoms. Unexplained fever，significant weight loss，increasing dose requirement of the drugs controlling the disease，bone and joint pain，bleeding，thrombosis，and infections suggest transformation into accelerated or blastic phases. Fewer than 10% to 15% of newly diagnosed patients present with accelerated disease or with de novo blastic phase CML.

Physical findings in most patients the abnormal finding on physical examination at diagnosis is minimal to moderate splenomegaly；mild hepatomegaly is found occasionally. Lymphadenopathy is uncommon. Persistent splenomegaly despite continued therapy is a sign of disease acceleration.


Diagnosis


The diagnosis of typical CML is not difficult. Patients with untreated CML usually have leukocytosis ranging from 10，000 to 500，000/μL. The predominant cells are neutrophils，with a left shift extending to blast cells. Basophils and eosinophils are commonly increased. Thrombocytosis is common；a hemoglobin level of less than 11 g/dL is present in one third of patients. Biochemical abnormalities in CML include a low leukocyte alkaline phosphates（LAP）score.

The bone marrow is hypercellular with marked myeloid hyperplasia and，at times，evidence of increased reticulum or collagen fibrosis. The myeloid/erythroid ratio is 15∶1 to 20∶1. About 15% of patients have 5% or more blast cells in the peripheral blood or bone marrow at diagnosis.

Cytogenetics：The presence of the t（9；22）（q34；q11）abnormality establishes the diagnosis of CML. If the Ph chromosome is not found in a patient with suspected CML，molecular studies for the presence of the hybrid BCR-ABL gene should be performed.

Clinical course：Evolution of Chronic Myelogenous Leukemia include three phases：chroic phases，accelerated and blastic phases. More than 90% of patients present with CML in the benign or chronic phase，which becomes asymptomatic once controlled. When poorly controlled，CML evolves into an accelerated phase，usually defined by the presence of 15% or more blasts，30% or more blasts + promyelocytes，20% or more basophils，thrombocytopenia less than 100，000/μL unrelated to therapy，or cytogenetic clonal evolution. The blastic phase of CML is diagnosed when 30% or more blast cells are present in the bone marrow and/or peripheral blood，or in the presence of extramedullary blastic disease. Most patients in accelerated or blastic phase have additional chromosomal abnormalities（clonal evolution）. Blastic phase CML is associated with a very poor median survival time of 5 months. Blast cells can be classified as myeloid，lymphoid，erythroid，or undifferentiated.


Treatment



Nontransplantation therapies
 ：Imatinib mesylate is a 2-phenylaminopyrimidine derivative that binds to the canonical adenosine triphosphate（ATP）lining the groove between the N and C lobes of the ABL kinase domain，thus blocking the phosphorylation of tyrosine residues on substrate protein. Blocking of ATP binding inactivates the ABL kinase，because it cannot transfer phosphate to its substrate. By inhibiting phosphorylation，imatinib prevents activation of signal transduction pathways that induce the leukemic transformation processes that cause CML.

Transplantation therapies：Allogeneic stem cell transplantation，a potentially curative therapy in selected patients with CML，is most effective during the chronic phase，when it is associated with a 20-year survival rate of 40% to 50%. Transplant-related mortality ranges from 5% to 50%，Disease-free survival rates with related allogeneic stem cell transplantation are 40% to 80% in chronic phase，15% to 40% in accelerated phase，and 5% to 20% in blastic phase. The patient as experience has been gained and safety and efficacy have been established，it has become clear that patients should be younger than 65 years and have a healthy and his to compatible donor.


Prognosis


Imatinib therapy has revolutionized the treatment of CML. In cases of newly diagnosed CML，imatinib therapy is associated with an estimated 5-year survival rate greater than 90%. If this favorable trend continues with longer follow-up，the median survival time in CML may exceed 20 years.











45 Disorders of Hemostasis






Normal hemostasis is dependent upon the complex interaction of plasma coagulation and fibrinolytic proteins，platelets，and the blood vasculature. Disorders of hemostasis may be due to defects in either platelet number or function or to problems in formation of a fibrin clot（coagulation）.Bleeding due to platelet disorders is typically mucosal or dermatologic. Common problems include epistaxis，gum bleeding，menorrhagia，gastrointestinal bleeding，purpura，and petechiae. Petechiae are seen almost exclusively in conditions of thrombocytopenia and not platelet dysfunction. Bleeding due to coagulopathy may occur as deep muscle hematomas as well as skin bleeding. Spontaneous hemarthroses are seen only in severe hemophilia.


Thrombocytopenia


Thrombocytopenia may be due to either increased platelet destruction or utilization，abnormal platelet distribution（an enlarged splenic pool），or decreased platelet production. Assuming normal platelet function，the symptoms and signs expected with various platelet counts are as follows：greater than 50，000/μL，no symptoms or signs，although patients may bleed longer with major trauma；25，000 to 50，000/μL，petechiae and bruising with minor trauma；10，000 to 25，000/μL，spontaneous petechiae and bruising greater on the lower extremities and menorrhagia；less than 10，000/μL，prominent bruising，mucosal bleeding ［epistaxis，gum bleeding，gastrointestinal（GI）or genitourinary（GU）bleeding］，and a risk for central nervous system（CNS）bleeding.

Idiopathic（Autoimmune）thrombocytopenic purpura：Idiopathic thrombocytopenic purpura is an autoimmune disorder in which an IgG autoantibody is formed that binds to platelets. It is not clear which antigen on the platelet surface is involved. Although the antiplatelet antibody may bind complement，platelets are not destroyed by direct lysis. Rather，destruction takes place in the spleen. Where splenic macrophages with receptors bind to antibody-coated platelets. Since the spleen is the major site both of antibody production and platelet sequestration，splenectomy is highiy effective therapy.

1. Symptoms and signs：Idiopathic thrombocytopenic purpura occurs commonly in childhood，frequently precipitated by viral infection and usually self-limited. In contrast，the adult form is usually a chronic disease and only infrequently follows a viral infection. It is a disease of young persons，with peak incidence between ages 20 and 50，and there is a 2∶1 female predominance. Patients are systemically well and not febrile. The presenting complaint is mucosal or skin bleeding. Common types of bleeding are epistaxis，oral bleeding，menorrhagia，purpura，and petechiae.

On examination，the patient appears well，and there are no abnormal findings other than those related to bleeding. An enlarged spleen should lead one to doubt the diagnosis. Common signs of bleeding are purpura，petechiae，and hemorrhagic bullae in the mouth.

2. Laboratory findings：The hallmark of the disease is thrombocytopenia，which may be less than 10，000/μL. Other counts are usually normal except for occasional mild anemia，which can be explained by bleeding or associated hemolysis. Peripheral blood cell morphology is normal except that platelets are slightly enlarged（megathrombocytes）. These larger platelets are young platelets produced in response to enhanced platelet destruction. Approximately 10% of patients will have coexistent autoimmune hemolytic anemia（Evans syndrome）.

The bone marrow will appear normal，with a normal or increased number of megakaryocytes. Coagulation studies will be entirely normal. Tests now available to quantitate platelet-associated IgG may help in the diagnosis. At present，although these tests are highly sensitive（95%），they are very nonspecific，and 50% of all patients with thrombocytopenia from any cause may have increased levels of IgG on the platelet.

3. Diagnosis and differential diagnosis：Thrombocytopenia may be produced either by abnormal bone marrow function or by peripheral destruction. Although most bone marrow disorders produce abnormallties in addition to isolated thrombocytopenia，diagnoses such as myelodysplasia can only be excluded by examining the bone marrow. Most causes of thrombocytopenia resulting from peripheral destruction can be ruled out by initial evaluation. Disorders such as disseminated intravascular coagulation，thrombotic thrombocytopenic purpura，hemolytic-uremic syndrome，hypersplenism，and sepsis are easily excluded by the absence of systemic illness. Thus，patients with isolated thrombocytopenia with no other abnormal findings almost certainly have immune thrombocytopenia. Patients should be questioned regarding drug use，especially sulfonamides，quinine，thiazides，cimetidine，gold，and heparin. Heparin is now the most common cause of drug induced thrombocytopenia in hospitalized patients. Systemic lupus erythematosus and chronic lymphocytic leukemia are common causes of secondary thrombocytopenic purpura，hematologically identical to idiopathic thrombocytopenic purpura.

4. Treatment：Few adults with idiopathic thrombocytopenic purpura will have spontaneous remissions，and most will require treatment. Initial treatment is with prednisone，1—2 mg/（kg•d）. Prednisone works primarily by decreasing the affinity of splenic macrophages for antibody-coated platelets. High-dose prednisone therapy also reduces the binding of antibody to the platelet surface，and long-term therapy may decrease antibody production. Bleeding will often diminish within 1 day after beginning prednisone even before the platelet count begins to rise. This effect has been attributed to enhanced vascular stability. The platelet count will usually begin to rise within a week，and responses are almost always seen within 3 weeks. About 80% of patients will respond，and the platelet count will usually return to normal. Highdose therapy should be continued until the platelet count is normal，and the dose should then be gradually tapered. In most，thrombocytopenia will recur if prednisone is completely withdrawn，and one aims to find a dose that will maintain an adequate platelet count. It is not necessary for the platelet count to be entirely normal；the risk of bleeding is small with platelet counts above 50，000/μL.

Splenectomy is the most definitive treatment for idiopathic thrombocytopenic purpura，and most adult patients will ultimately undergo splenectomy. High-dose prednisone therapy should not be continued indefinitely in an attempt to avoid surgery. Splenectomy is indicated if patients do not respond to prednisone initially or require unacceptably high doses to maintain an adequate platelet count. Other patients may be intolerant of prednisone or may simply prefer the surgical alternative.

Splenectomy can be performed safely even with platelet counts less than 10，000/μL. Eighty percent of patients benefit from splenectomy with either complete or partial remission.High-dose intravenous immunoglobulin，400 mg/（kg•d）for 3—5 days，is highly effective in rapidly raising the platelet count.The response rate is 90%，and the platelet count rises within 1—5 days. However，this treatment is expensive，and the beneficial effect lasts only 1—2 weeks. Immunoglobulin treatment should be reserved for bleeding emergencies or situations such as preparing a severely thrombocytopenic patient for surgery. For patients who fail to respond to prednisone and splenectomy，danazol，600 mg/d，has been used，with responses obtained in about half of cases. Immunosuppressive agents employed in refractory cases include vincristine，vinblastine infusions，azathioprine，cyc1osporine，and cyclophosphamide.

Platelet transfusions are rarely used in the treatment of idiopathic thrombocytopenic purpura，since exogenous platele will survive no better than the patient own and will survive less than a few hours. Platelet transfusion should be reserved for cases of life-threatening bleeding in which even fleeting hemostasis may be of benefit.

Prognosis：The prognosis for remission is good. In most cases，the disease is initially controlled with prednisone，and splenectomy offers definitive therapy. The major concern during the initial phases is cerebral hemorrhage，which becomes a risk when the platelet count is less than 5000/μL.These patients usually exhibit warning signs of mucosal bleeding. However，even at these very low platelet counts，fatal bleeding is rare.











46 Blood Transfusions






Blood transfusion is the process of transferring blood or blood-based products from one person into the circulatory system of another. Early transfusions used whole blood，but modern medical practice is to use only components of the blood.


Red Blood Cell Transfusions


Red blood cell transfusions are given to raise the hematocrit levels in patients with anemia or to replace losses after acute bleeding episodes. Several types of components containing red blood cells are available.


Fresh whole blood：
 A unit of blood is collected as a donation of 450 mL ± 10% into a citrate anticoagulant that also contains phosphate and dextrose. The advantage of this component is the simultaneous presence of red blood cells，plasma，and fresh platelets. Fresh whole blood is never absolutely necessary，since all the above components are available separately. The major indications for use of whole blood are cardiac surgery or massive hemorrhage when more than ten units of blood are required in a 24-hour period.


Packed red blood cells：
 Packed red cells are the component most commonly used to raise the hematocrit. Each unit has a volume of about 300 mL，of which approximately 200 mL consists of red blood cells. One unit of packed red cells will usually raise the hematocrit by approximately 4%. The expected rise in hematocrit can be calculated using an estimated red blood cell volume of 200 mL/unit and a total blood volume of about 70 mL/kg.


Leukocyte-reduced blood components：
 Blood components are depleted of leukocytes by means of filtration. A leukocyte-reduced component is defined as one with less than 5 × 106
 residual white cells per liter，and 100% of tested units should meet this standard. Leukocyte reduction reduces the incidence of human leukocyte antigen（HLA）alloimmunization in multitransfused recipients，but immunization rates of 10% to 25% are still seen in women who have already been exposed to HLA alloantigens in pregnancy. However，leukocyte reduction has less impact on refractoriness to random platelet donations because of the importance of nonimmune factors in the poor response to transfused platelets. Patients with severe leukoagglutinin reactions to packed red blood cells may require depletion of white blood cells and platelets from transfused units.


Frozen blood：
 Red blood cells can be frozen and stored for up to 3 years，but the technique is cumbersome and expensive，and frozen blood should be used sparingly. The major application is for the purpose of maintaining a supply of rare blood types. Patients with such types may donate units for autologous transfusion should the need arise. Frozen red cells are also occasionally needed for patients with severe leukoagglutinin reactions or anaphylactic reactions to plasma proteins，since frozen blood has essentially all white blood cells and plasma components removed.


Autologous packed red blood cells：
 Patients scheduled for elective surgery may donate blood for autologous transfusion. These units may be stored for up to 35 days.


Irradiated cellular blood components：
 Gamma-irradiated cellular blood components are used to prevent the occurrence of transfusion-associated graft-versus-host disease.

Typing and crossmatching：Blood and blood components for transfusion should，in most cases，be the same blood type as the patient. Obtaining an accurate ABO/Rh grouping for a patient is the most significant serologic test performed before transfusion. When type-specific blood and components are unavailable or emergency circumstances do not allow their identification or use，type O-negative red cells should be used unless the recipient is blood group AB，in which case options include A，B，or O red cells. Group O is the only choice for group O recipients and is the alternative choice for both group A and group B. Red cell antigens other than ABO and D are not routinely considered when selecting donor blood products for transfusion unless clinically significant，unexpected red cell antibodies are determined to be present by an antibody screen or have previously been identified.


Platelet Transfusion


The use of intensive chemotherapy regimens and bone marrow/stem cell transplantation has increased the demand for platelet products，particularly in patients with severe thrombocytopenia or bleeding complications. The use of apheresis platelet transfusions（i.e.，a platelet unit collected from a dedicated donor via an apheresis procedure）has increased substantially，driven by the need for platelet inventories to support cardiac surgery，oncology，and stem cell transplantation programs. Emerging issues in platelet transfusion therapy include re-evaluation of the platelet threshold for prophylactic transfusion；modification of the dose of platelet transfusions.

Threshold for platelet transfusion：The appropriate threshold for platelet transfusion depends on the clinical situation . Prospective，randomized studies indicate that a platelet transfusion threshold of 10，000 cells/μL is as safe and effective as higher thresholds in patients undergoing chemotherapy or stem cell transplantation.For consumptive thrombocytopenias such as disseminated intravascular coagulation（DIC），platelet therapy is supportive but not effective until the underlying cause is treated. Platelet transfusions are generally not indicated in patients with idiopathic thrombocytopenic purpura or the thrombotic microangiopathies（thrombotic thrombocytopenic purpura and hemolytic-uremic syndrome）.

Platelet dose：Standards of the American Association of Blood Banks require that 75% of apheresis products（i.e.，platelet apheresis units）contain more than 3 × 1011
 platelets and that 75% of platelet concentrates contain more than 5.5 × 1010
 platelet；however，no consensus exists for a standardized platelet dose，and clinical trials have used a broad range of platelet doses.Platelets are most commonly derived from donated blood units. One unit of platelets（derived from 1 unit of blood）usually contains（5—7）×1010
 platelets suspended in 35 mL of plasma. Ideally，1 platelet unit will raise the recipient’s platelet count by 10，000/μL，and transfused platelets will last for 2 or 3 days. Most alloantibodies causing platelet destruction are directed at HLA antigens. Patients requiring long periods of platelet transfusion support should be monitored to document adequate responses to transfusions so that the most appropriate product can be used. Patients may benefit from HLA-matched platelets derived from either volunteer donors or family members，with platelets obtained by plateletpheresis. Techniques of crossmatching platelets have been developed and appear to identify suitable platelet donors（nonreactive with the patient’s serum）without the need for HLA typing. Such single-donor platelets usually contain the equivalent of six units of random platelets. Ideally，these platelet concentrates will raise the recipient’s platelet count by 60，000/μL. Leukocyte depletion of platelets has been shown to delay the onset of alloimmunization.


Granulocyte Transfusions


Granulocyte transfusions are seldom indicated and have largely been replaced by the use of myeloid growth factors that speed neutrophil recovery. However，they may be beneficial in patients with profound neutropenia（＜ 100/μL）who have gram-negative sepsis or progressive soft tissue infection despite optimal antibiotic therapy. In these cases，it is clear that progressive infection is due to failure of host defenses. In such situations，daily granulocyte transfusions should be given and continued until the neutrophil count rises to above 500/μL. Such granulocytes must be derived from ABO matched donors. Although HLA matching is not necessary，it is preferred，since patients with alloantibodies to donor white blood cells will have severe reactions and no benefit.


Transfution of Plasma Components


Fresh-frozen plasma is available in units of approximately 200 mL. Fresh plasma contains normal levels of all coagulation factors（about 1 unit/mL）. Fresh frozen plasma is used to correct coagulation factor deficiencies and to treat thrombotic thrombocytopenic purpura. The risk of transmitting viral disease is comparable to that associated with transfusion of red blood cells. Cryoprecipitate is made from fresh plasma and used to supplement fibrinogen in cases of congenital deficiencyof fibrinogen or disseminated intravascular coagulation. One unit of cryoprecipitate will raise the fibrinogen level by about 8 mg/dL.


Hematopoietic Stem Cell Transplantation


Hematopoietic stem cell transplantation is the process of collection and infusion of hematopoietic stem cells obtained from bone marrow ［bone marrow transplantation（BMT）］ or peripheral blood（blood stem cell transplantation）. High-dose chemotherapy followed by subsequent BMT or peripheral blood progenitor（stem cell）transplantation is increasingly being used for the treatment of many hematologic，immunologic，and neoplastic diseases. Hematopoietic stem cells can be obtained directly from bone marrow by multiple aspirations from the pelvic bones while the patient is under general anesthesia（BMT）. Alternatively，hematopoietic stem cells can be obtained from peripheral blood after stimulation with hematopoietic growth factors，such as granulocyte colony-stimulating factor（G-CSF），followed by leukapheresis（peripheral blood stem cell transplantation）. The subsequent availability of hematopoietic stem cell transplantation permits the administration of supralethal chemotherapy or radiotherapy to patients with malignancies in an attempt to increase the destruction of malignant cells. Additionally，the healthy transplanted cells may reconstitute the patient’s immune system to provide an antitumor effect or，in the case of BMT for congenital diseases，provide cells that are no longer deficient in certain vital components.
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47 Rheumatic Disease



Rheumatic diseases are a heterogeneous group of disorders characterized by clinical involvement of the joints，connective tissues，muscles，internal organs，Raynaud’s phenomenon，and cutaneous manifestations. The autoimmune rheumatic diseases or Diffuse Connective Tissue Disease including systemic lupus erythematosus，rheumatoid arthritis，Sjögren’s syndrome，scleroderma，dermatomyositis，polymyositis，antiphospholipid syndrome，and the vasculitides. This latter group of diseases all share inflammation and necrosis of blood vessels as cardinal features. On the whole these diseases have a predilection for young women and share defects in immune regulation leading to the production of autoantibodies，activation of the complement system，and generation and deposition of immune complex.


Immunopathogenesis


The precise aetiologies of the autoimmune rheumatic diseases remain unknown，but are undoubtedly complex. Inciting agents，such as infection，are involved，as are genetic susceptibility，hormonal factors，and both cellular and immune dysregulation.

Common to all of the autoimmune rheumatic diseases is the phenomenon of production of auto antibodies by activated B cells. Many of the pathogenic auto antibodies are of the IgG class and have undergone somatic mutation in their hypervariable regions leading to a gradual increase in specificity and binding affinity of an antibody produced by a particular clone of cells. This latter finding is particularly true of anti-dsDNA antibodies in systemic lupus erythematosus and antiphospholipid antibodies in the antiphospholipid syndrome.

The origins of autoantibody production remain an enigma. Mechanisms that have been invoked include antigen-driven T helper cell responses，failure of efficient clearance of nuclear antigens which become surface expressed following cellular apoptosis，and epitope spreading. These might act alone，in combination with each other，or together with other factors. Each has been proposed to lead to increased B-cell activation. Impaired tolerance appears to be the central defect and once this has occurred abnormal immunoregulation leads to persistence of the inappropriate self-directed immune response.

Cellular mechanisms also play a role in the development of autoimmunity in the autoimmune rheumatic diseases：T-cell dysfunction，impaired macrophage and natural killer cell cytotoxicity，decreased clearance of immune complexes by the mononuclear phagocytic system，increase in the number of activated B cells，cytokine dysregulation，and up regulation of adhesion molecules have all been reported.

Genetic factors are important，especially in the case of systemic lupus erythematosus，where there is a higher rate of concordance in monozygotic twins（25 percent）than dizygotic（3 percent）.


Symptoms and Physical Examination


A complete history and physical examination are important in a patient with joint symptoms，which may be part of localized or systemic disease. Laboratory and X-ray data are usually of only supplementary help.

Each involved joint should be inspected and palpated，and the range of motion measured. This usually determines the presence of joint disease and establishes whether the joint，the adjacent structures，or both are involved. Involved joints should be compared with their uninvolved opposites or with those of the examiner. Information is recorded objectively and quantitatively（eg，using a numbered grading system，measuring the range of motion in degrees）.

Joint motion，generally painful in joint disease，may not be painful in periarticular，bone，or soft tissue disease. Swelling is an important finding. Palpation of swollen joints helps to（1）elicit the presence of fluid；（2）differentiate among simple effusion，synovial thickening，and capsule or bony enlargement；and（3）determine whether the swelling is confined to the joint or is periarticular. Tenderness or swelling at only one side of a joint may actually arise in adjacent ligaments，tendons，or bursae；findings from several approaches to the joint substantiate articular involvement. Monarthritis always suggests infection，crystal-induced arthritis，trauma，or rarely，tumor.Increased heat over the joint should be carefully localized. Many normal joints are actually cooler than adjacent skin. Crepitus may arise from intra-articular structures or from tendons；the crepitus-producing motions should be determined（eg，knee crepitus may arise from patellofemoral grinding or from femorotibial motion）.Small joints（eg，the acromioclavicular near the shoulder，the tibiofibular at the lateral aspect of the knee，the radioulnar at the elbow）can be the source of pain that was initially believed to arise from the major joint.


Hand：
 Changes in the hand are generalized in the shoulder-hand syndrome（reflex sympathetic dystrophy），with diffuse edema and mottled，mildly cyanotic skin. In progressive systemic sclerosis，there may be initial diffuse puffiness，but with time the skin thickens，and flexion contractures often develop；Raynaud’s phenomenon may be noted. Findings in hypertrophic pulmonary osteoarthropathy include clubbing of the fingertips and bony tenderness of the distal radius and ulna caused by underlying periostitis. Joint synovitis similar to that in RA occurs in SLE and，less often，in dermatomyositis，although arthralgias and sore，painful hands lacking objective joint swelling are more typical of both these disorders. Finger deformities resembling RA can occur in SLE but are caused by soft tissue disease，not advanced erosive arthritis. Reynaud’s phenomenon can be present in SLE，and scaling erythema may be found over the extensor joint surfaces in dermatomyositis.


Elbow：
 Synovial swelling and thickening caused by joint disease occur in the lateral area between the radial head and olecranon，producing a bulge. Fluid or thickening in the olecranon bursa，rheumatoid nodules，and epitrochlear nodes should also be sought. Full extension of the joint should be attempted. Although full extension is possible with nonarthritic or extra-articular lesions，its loss is an early change in arthritis. In tennis elbow，sharply localized pain is elicited by placing firm pressure over the lateral epicondyle.


Shoulder：
 Limited motion，weakness，pain，and disturbed mobility can be tested by having the patient attempt to raise both arms above the head. Muscle atrophy and neurologic changes should be sought. Although swelling is not common，a bulge in the anterior area of the shoulder is occasionally present in RA as a result of forward dissection of glenohumeral synovitis. Careful palpation of the relaxed shoulder may identify tenderness caused by inflammation of bursae or tendons，with common conditions occurring primarily in the subacromial area or in the long head of the biceps tendon. Localization may permit aspiration and injection of a corticosteroid-lidocaine solution to relieve acute tendinitis and to confirm the diagnosis.


Foot and ankle
 ：Because weight bearing may elucidate certain abnormalities，the patient should stand for part of the examination. Swelling just below and in front of the malleoli is characteristic of synovial or intra-articular disease. Palpation of such tender soft swelling，with pain elicited on extension and flexion of the foot，demonstrates synovitis of the ankle joint. Pain on inversion or eversion suggests subtalar or ligament disease. Ankle edema，which is associated with normal ankle joint motion，can be differentiated from true joint swelling by its diffuse，superficial，pitting，nontender character. Metatarsophalangeal joints are commonly swollen and tender in RA. Interphalangeal synovitis，not as common in the feet in RA，may indicate Reiter’s syndrome，other reactive arthritis，psoriatic arthritis，or gout. In gout，the first metatarsophalangeal（MTP）or bunion joint is most commonly affected，but the midtarsal or ankle areas can also be involved. Diffuse erythema is striking in an acute attack of gout. First metatarsophalangeal pain on motion with crepitus suggests osteoarthritis.


Knee
 ：Gross deformities such as swelling（eg，popliteal cysts），quadriceps muscle atrophy，and joint instability may be more obvious when the patient stands and walks. Careful palpation of the knee in a supine patient，especially noting the presence of joint fluid，synovial thickening，and local tenderness，helps detect arthritis. Tender extra-articular bursae and true intra-articular disturbances should be differentiated.

Detection of small knee effusions is commonly problematic and is best accomplished using the “bulge sign”. The knee is extended and the leg is slightly externally rotated while the patient is supine with muscles relaxed. The medial aspect of the knee is stroked to express any fluid away from this area. Placement of one hand on the suprapatellar pouch and gentle stroking or pressing on the lateral aspect of the knee can create a fluid wave or bulge，visible medially when an effusion is present.


Hip：
 A limp is common in patients with significant hip arthritis or disease in other joints of the leg. It may be caused by pain，shortening of the leg，flexion contracture，or muscle weakness. Loss of internal rotation（often the earliest change），flexion，extension，or abduction can usually be demonstrated. Placement of one hand on the patient’s iliac crest detects pelvic movement that might be mistaken for hip movement. Flexion contracture can be identified by attempting leg extension with the opposite hip maximally flexed to stabilize the pelvis. Tenderness over the femoral greater trochanter indicates local bursitis rather than arthritis.


Vertebral column：
 Cervical and lumbar motion should be measured. Inability to reverse the normal lumbar lordosis on flexion occurs in degenerative arthritis；limited lumbar flexion is also characteristic of ankylosing spondylitis. Degenerative arthritis or ankylosing spondylitis also limits neck motion. Either soft tissue disease or arthritis may cause pain and limited movement. The effect of movement on pain should be noted. Palpation and firm percussion over each vertebra and sacroiliac joint may elicit superficial or deep bone tenderness that should be distinguished from muscle spasm lateral to the spine. Localized bone pain suggests osteomyelitis，leukemia，primary or metastatic cancer，compression fracture，or herniated disk. Psychogenic（“touch-me-not”）reactions should be noted，as should muscular tender points typical of fibromyalgia. Chest expansion should be measured because it is typically impaired in ankylosing spondylitis.


Diagnosis


Conditions easily misinterpreted as arthritis by the patient include phlebitis，arteriosclerosis obliterans，cellulitis，edema，neuropathy，vascular compression syndromes，the stiffness of Parkinson’s disease，periarticular stress fractures，spinal stenosis，myositis，polymyalgia rheumatica，and fibromyositis. These can each be distinguished by their typical features and by the absence or paucity of joint findings. Popliteal cysts resulting from knee arthritis can cause local popliteal pain，venous compression，or rupture into the calf and can be confused with phlebitis.

Extra-articular findings can be significant in helping to identify the type of arthritis（eg，tophi in gout，nodules in RA，pustular rash in gonococcemia）. Coexisting periarticular disease also may facilitate diagnosis. For example，tendinitis commonly coexists with gonococcal arthritis，RA，and other systemic diseases；prominent tenderness of bones adjacent to joints and joint effusions occur in sickle cell disease and hypertrophic pulmonary osteoarthropathy；and enthesitis with tenderness and swelling at tendon insertions suggests reactive arthritis.

Often，arthritis is transient and resolves without diagnosis. Arthritis also may not fulfill the criteria for any defined rheumatic disease. A tentative diagnosis is made for treatment，with other possibilities kept in mind. Systemic disease should be considered in all atypical and undiagnosed conditions. Lyme disease and other infections should always be considered early because they may respond to specific treatment.

Certain problems require immediate attention and prompt treatment. Acute monarthritis is one example，and joint fluid examination is essential . Hemorrhagic joint fluid suggests fracture，bleeding diathesis，or malignancy. Intensely inflammatory effusions suggest pyogenic infection，requiring immediate antibiotic therapy and aspiration or other drainage to establish the diagnosis and to prevent joint destruction.


Blood tests
 are useful in diagnosing some specific types of arthritis. Elevated ESR or C-reactive protein suggests inflammatory disease. Serum uric acid levels are elevated by diuretics，low doses of aspirin，other drugs，diet，or alcohol and in gout. Latex fixation tests for rheumatoid factor are often highly positive in RA but may also be positive in hepatitis，cirrhosis，sarcoidosis，subacute bacterial endocarditis，TB，and other infections and collagen diseases. Antinuclear factors may be positive in RA，SLE，hepatitis，and other diseases. If SLE is suspected，anti-double-stranded DNA，anti-Sm，and complement levels may also provide further support. Serum CK and AST are elevated in muscle disease，including certain forms of muscular dystrophy，crush injury，and polymyositis or dermatomyositis. CK can also be elevated in hypothyroidism.


X-rays
 are important in the initial evaluation of relatively localized，unexplained joint complaints to detect possible primary or metastatic tumors，osteomyelitis，bone infarctions，periarticular calcifications，or other changes in deep structures that may escape physical examination. Erosions，cysts，and joint space narrowing can occur in chronic RA，gout，and osteoarthritis. X-rays also are especially useful in examination of the spine but are usually not needed if the problem seems to be simple acute back strain. CT and MRI can help define puzzling persistent lesions. Other useful studies may include needle or surgical synovial biopsy，ultrasound，arthroscopy，arthrography，bone scanning，electromyography，nerve conduction times，thermography，and muscle or bone biopsy.











48 Rheumatoid Arthritis






A chronic syndrome characterized by nonspecific，usually symmetric inflammation of the peripheral joints，potentially resulting in progressive destruction of articular and periarticular structures，with or without generalized manifestations.


Symptoms and Physical Examination


Onset is usually insidious，with progressive joint involvement，but may be abrupt，with simultaneous inflammation in multiple joints. Tenderness in nearly all inflamed joints is the most sensitive physical finding. Synovial thickening，the most specific physical finding，eventually occurs in most involved joints. Symmetric involvement of small hand joints，foot joints，wrists，elbows，and ankles is typical，but initial manifestations may occur in any joint.

Stiffness lasting ＞ 30 min on arising in the morning or after prolonged inactivity is common；early afternoon fatigue and malaise also occur. Deformities，particularly flexion contractures，may develop rapidly；ulnar deviation of the fingers with slippage of the extensor tendons off the metacarpophalangeal joints is a typical late result. Carpal tunnel syndrome can result from wrist synovitis. Ruptured popliteal cysts can mimic deep vein thrombosis.

Subcutaneous rheumatoid nodules are not usually an early manifestation. Visceral nodules，vasculitis causing leg ulcers or mononeuritis multiplex，pleural or pericardial effusions，lymphadenopathy，Episcleritis are other extra-articular manifestations. Fever may be present and is usually low-grade，except in adult-onset Still’s disease，a seronegative RA-like polyarthritis with prominent systemic features.


Laboratory Findings


Blood tests are helpful. A normochromic（or slightly hypochromic）-normocytic anemia，typical of other chronic diseases，occurs in 80% of cases；the Hb is usually ＞ 10 g/dL but may rarely be as low as 8 g/dL. Superimposed iron deficiency or other causes of anemia should be sought if Hb is＜10 g/dL. Neutropenia occurs in 1% to 2% of cases，often with splenomegaly. Mild polyclonal hypergammaglobulinemia and thrombocytosis may be present.

The ESR is elevated in 90% of cases. Antibodies to altered-globulin，so-called rheumatoid factors（RFs），as detected by agglutination tests（eg，the latex fixation test uses human IgG adsorbed to particulate latex）that show IgM RF，occur in about 70% of cases. Although RFs are not specific for RA and are found in many diseases（eg，granulomatous diseases，chronic infections，hepatitis，sarcoidosis，subacute bacterial endocarditis），a high RF titer helps confirm the diagnosis. In most laboratories，a latex fixation tube dilution titer of 1∶160 is considered the lowest value favoring a diagnosis of RA. RF titers are also often measured by nephelometry（＜ 20 IU/mL is considered negative）. A very high RF titer suggests a worse prognosis and is often associated with progressive disease，nodules，vasculitis，and pulmonary involvement. The titer can be influenced by treatment and often falls as inflammatory joint activity decreases.

The synovial fluid，abnormal during active joint inflammation，is cloudy but sterile，with reduced viscosity and usually 3，000 to 50，000 WBCs/dL. Of these cells，PMNs typically predominate，but＞50% may be lymphocytes and other mononuclear cells. WBC cytoplasmic inclusions may be seen on a wet smear but are also present in other inflammatory effusions. Synovial fluid complement is often＜30% of the serum level. Crystals are absent.

On X-ray，only soft tissue swelling is seen in the first months of disease. Subsequently，periarticular osteoporosis，joint space（articular cartilage）narrowing，and marginal erosions may be present. The rate of deterioration，seen on X-ray and clinically，is highly variable，but erosions as a sign of bony damage may occur within the first year.


Diagnosis


Almost any other disease that causes arthritis must still be considered. Synovial fluid examination often helps exclude these cases. However，two diseases causing arthritis can very occasionally coexist. When diagnosis is in doubt，unexplained subcutaneous nodules can be aspirated or biopsied to differentiate gouty tophi，amyloid，and other causes.

SLE may mimic RA.

Other systemic diseases may cause symptoms similar to RA. Sarcoidosis，amyloidosis，Whipple’s disease，and other systemic diseases may involve joints；tissue biopsy sometimes helps differentiate these conditions. Acute rheumatic fever is differentiated by a migratory pattern of joint involvement and evidence of antecedent streptococcal infection（culture or changing antistreptolysin-O titer）. Changing heart murmurs，chorea，and erythema marginatum are much less common in adults than in children. Infectious arthritis usually is monarticular or asymmetric.


Treatment


As many as 75% of patients improve symptomatically with conservative treatment during the first year of disease. However，≥ 10% are eventually severely disabled despite full treatment. The disease greatly affects the lives of most RA patients.


Rest and nutrition：
 Complete bed rest is occasionally indicated for a short period during the most active，painful stage of severe disease. In less severe cases，regular rest should be prescribed. Splints provide local joint rest. Joint range of motion and exercise as tolerated must be continued. An ordinary nutritious diet is generally sufficient. Rarely，patients have food-associated exacerbations. Food and diet quackery is common and should be discouraged. However，fish or plant oil supplements may partially relieve symptoms because they can decrease production of prostaglandins.


Nonsteroidal anti-inflammatory drugs（NSAIDs）and salicylates：
 NSAIDs provide important symptomatic relief and may be adequate as simple therapy for mild RA，but they do not appear to alter the long-term course of disease.


Salicylates
 are relatively safe，inexpensive，analgesic and anti-inflammatory and can still be a cornerstone of drug therapy. Aspirin（acetylsalicylic acid）is begun with 0.6 to 1.0 g（two to three 300-mg tablets）quid with meals and with a bedtime snack. Dosage may be increased as needed until a maximally effective or mildly toxic dose is achieved. The final dose may vary from 3 to 6.0 g/d. The average daily dose required in active RA is 4.5 g. Antacids，sucralfate，or H2
 blockers between meals can be taken for mild GI symptoms without discontinuing the aspirin. Enteric-coated tablets may offer some advantage because they are less locally irritating in patients with concomitant dyspepsia from gastritis or hiatus hernia. However，absorption may not be as reliable，and systemic actions still affect the gastric mucosa. Misoprostol 100 to 200 bid to qid as tolerated used with aspirin（and with the NSAIDs described below）may decrease the chance of erosion and a bleeding gastric ulcer in high-risk patients，but it may cause abdominal cramps and diarrhea and does not relieve nausea or epigastric pain. Proton pump inhibitors also appear to decrease the risk of ulcers. Sustained-release aspirin provides longer relief for some patients and may be useful at bedtime，although patients awakened at night by pain may need a second dose. Nonacetylated salicylates（eg，salsalate，choline magnesium salicylate）seem to offer better GI tolerance than aspirin and do not impair platelet adhesiveness，but they may not be as effective as anti-inflammatory agents.

Other NSAIDs are available for patients who cannot tolerate sufficient aspirin to obtain a good effect or for whom less frequent dosing offers a major advantage；these drugs are widely used. Usually，only one such NSAID should be given at a time. Doses of all drugs with flexible dosing can be increased every 2 wk until response is maximal or maximum dosage is reached. Drugs should be tried for ≥ 2 to 3 wk before assuming inefficacy.Although often less irritating to the GI tract than high-dose aspirin，these other NSAIDs can also produce gastric symptoms and GI bleeding. They should be avoided during active ulcer disease. Other possible side effects include headache，confusion and other CNS symptoms，worsening of hypertension，edema，and decreased platelet adhesiveness. As with aspirin，liver enzymes can be mildly elevated. Creatinine levels can rise because of inhibited renal prostaglandins；less frequently，interstitial nephritis can occur. Patients with urticaria，rhinitis，or asthma from aspirin can have the same problems with these other NSAIDs. Agranulocytosis has been reported.


Slow-acting drugs：
 The optimal time to add slow-acting drugs to therapy has been re-evaluated，with growing consensus that early use is indicated in persistent disease. Generally，if pain and swelling persist after 2 to 4 mo of disease despite treatment with aspirin or other NSAIDs，the addition of a slow-acting or potentially disease-modifying drug（eg，gold，hydroxychloroquine，sulfasalazine，and penicillamine）should be considered. Methotrexate，an immunosuppressive drug，is now increasingly also used very early as one of the second-line potentially disease-modifying drugs.


Gold compounds
 usually are given in addition to salicylates or other NSAIDs if the latter do not sufficiently relieve pain or suppress active joint inflammation. In some patients，gold may produce clinical remission and decrease the formation of new bony erosions. Parenteral preparations include gold sodium thiomalate or gold thioglucose（aurothioglucose）IM at weekly intervals：10 mg the first week，25 mg the second，and 50 mg/wk thereafter until a total of 1 g has been given or significant improvement is apparent. When maximum improvement is achieved，dosage is gradually decreased to 50 mg every 2 to 4 wk. Relapse commonly occurs in 3 to 6 mo if no gold is given after remission. Improvement often can be sustained for several years with prolonged maintenance administration.

Gold compounds are contraindicated in patients with significant hepatic or renal disease or with blood dyscrasia. Before initiating gold therapy，a urinalysis，Hb level，total and differential WBC count，and platelet count should be obtained. These tests should be repeated before each injection during the first month and before every one to two injections thereafter. Possible toxic reactions to gold include pruritus，dermatitis，and stomatitis，albuminuria with or without a nephrotic syndrome，agranulocytosis，thrombocytopenic purpura，and aplastic anemia.


Sulfasalazine
 ，long used for ulcerative colitis，is now increasingly used for RA（for which it was developed）. It is usually given as enteric-coated tablets，starting with 500 mg/d and increasing 500 mg at weekly intervals to 2 to 3 g/d. Benefit should occur within 3 mo. Toxic effects may include gastric symptoms，neutropenia，hemolysis，hepatitis，and rash. Monitoring with CBCs and serum chemistries is important while increasing the dose and occasionally throughout use.


Oral penicillamine
 may have a benefit similar to gold and may be used in some cases if gold fails or produces toxicity in patients with active RA. Side effects are minimized by starting with low dosages. A dosage of 250 mg/d is given for 30 to 90 days；the dosage is increased to 500 mg/d for another 30 to 90 days and，if definite improvement does not occur，may be increased to 750 mg/d for 60 days. When the patient starts to respond，the dose should not be further increased but kept to the minimally effective level. Before and every 2 to 4 wk during therapy，platelets must be checked and urinalysis and CBC performed. Side effects requiring discontinuation are more common than with gold and include marrow suppression，proteinuria，nephrosis，other serious toxic effects（eg，myasthenia gravis，pemphigus，Goodpasture’s syndrome，polymyositis，and a lupuslike syndrome），rash，and a foul taste. The drug should be given by，or with guidance from，one experienced with its use，and its effects must be monitored closely.

Corticosteroids：Corticosteroids are the most dramatically effective short-term anti-inflammatory drugs；however，their clinical benefit for RA often diminishes with time. Corticosteroids do not predictably prevent the progression of joint destruction，although a recent report suggested that they may slow erosions. Furthermore，severe rebound follows the withdrawal of corticosteroids in active disease. Because of their long-term side effects，many recommend that corticosteroids should be given only after a careful and usually prolonged trial of less hazardous drugs. Relative contraindications to corticosteroid use include peptic ulcer，hypertension，untreated infections，diabetes mellitus，and glaucoma. TB should be ruled out before corticosteroid therapy is begun.


Corticosteroids
 promptly suppress clinical manifestations for many patients and may be used for disease exacerbations to maintain joint function and to allow continued performance of customary duties，but the patient should be cautioned about complications with long-term use. Prednisone dosage should not exceed 7.5 mg/d，except in patients with severe systemic manifestations of RA（eg，vasculitis，pleurisy，and pericarditis）. Large loading doses followed by rapid dose reduction are not generally recommended.


Cytotoxic or immunosuppressive drugs：
 These drugs（eg，methotrexate，azathioprine，cyclosporine）are increasingly used in management of severe，active RA. They can suppress inflammation and may allow reduction of corticosteroid doses. However，major side effects can occur，including liver disease，pneumonitis，bone marrow suppression，and，after long-term use of azathioprine，malignancy. Patients should be fully informed of these potential side effects，and supervision by a specialist is generally advised.

In the course of severe active disease，methotrexate may be used reasonably early（benefit often occurs in 3 to 4 wk）. It can be given 2.5 to 20 mg in a single dose once weekly，starting at 7.5 mg/wk and gradually increased as needed. It should be avoided in heavy drinkers and diabetics. Liver function must be monitored，and a liver biopsy may be needed if liver function tests are abnormal and the patient needs to continue to use this drug. Azathioprine should be initiated at about 1 mg/（kg•d）（50 to 100 mg）as a single oral dose or bid；dosage can be increased by 0.5 mg/（kg•d）after 6 to 8 wk at 4 wk intervals to a maximum of 2.5 mg/（kg•d）. Maintenance should be at the lowest effective dose. Cyclosporine is effective in treatment of RA and may be especially useful in combination with other slow-acting drugs. Dosages generally should not exceed 5 mg/（kg•d）to minimize toxic effects on BP and renal function.











49 Systemic Lupus Erythematosus






Systemic lupus erythematosus is an autoimmune rheumatic disorder that can present with symptoms in almost any organ or system of the body. It is important not to be too dogmatic in searching for “pathognomonic” features of the disease. For example，although the characteristic butterfly rash over the face is perhaps the best known sign of systemic lupus erythematosus，many patients will never develop such a rash.


Symptoms and Physical Examination


Constitutional symptoms：Patients with systemic lupus erythematosus find fatigue to be the most troublesome feature of the disease. Excessive tiredness is both very common and difficult to treat. Hypothyroidism coexists in 5 to 10 percent of patients with systemic lupus erythematosus and so thyroid function tests should be performed in the fatigued patient. There is an ongoing debate as to whether fibromyalgia is a significant comorbid condition. Weight loss and low-grade fever may both be indicative of disease activity. Lymphadenopathy is also recognized. The nodes may be markedly enlarged but show no diagnostic features on biopsy，which may nevertheless be necessary to exclude other conditions such as lymphoma.

Musculoskeletal involvement：Arthralgia is the commonest symptom in systemic lupus erythematosus，occurring in 90 percent of patients. This may be severe but is rarely associated with frank synovitis. Effusions may occur but the fluid shows no diagnostic features.Erosive arthritis is uncommon，though up to 5 percent of patients may have an overlap syndrome with features of rheumatoid arthritis as well as systemic lupus erythematosus. These patients tend to have both serum rheumatoid factor and erosions.

Cutaneous and mucosal involvement：Photosensitivity is very common，particularly in female patients. Patients should be advised to avoid strong sunlight and to wear protective clothing and/or a high-factor sunblock.The butterfly rash over the malar area of the face occurs in up to one-third of patients. A number of other forms of cutaneous involvement can occur，although these are less specific for systemic lupus erythematosus. These include maculopapular rash，discoid lesions，alopecia，and nailfold infarcts. Scarring alopecia may be particularly distressing and difficult to treat.

Painless oral ulcers are common enough to be recognized as one of the diagnostic criteria for systemic lupus erythematosus. However，they are rarely troublesome for the patient. Approximately 20 percent of patients develop secondary Sjögren’s syndrome. The dry eyes and mouth in this condition may respond to artificial tears and saliva.

Renal involvement：Glomerulonephritis is the most serious and potentially lethal manifestation of systemic lupus erythematosus. Its presence may be detected by the finding of haematuria and/or proteinuria on routine stick testing of the urine. It may present as the nephrotic syndrome，or less commonly as a florid nephritis with haematuria，proteinuria，hypertension，and acute renal failure with red cell casts in the urine. It is important to be aware of the possibility of glomerulonephritis in any patient with systemic lupus erythematosus. Measurement of blood pressure and analysis of urine should be carried out at each consultation. Early diagnosis and treatment are invaluable in avoiding deterioration of renal function to the extent that dialysis or renal transplantation become necessary.

Respiratory involvement：The commonest form of respiratory involvement in systemic lupus erythematosus is pleuritis，manifesting either as pleuritic chest pain or breathlessness caused by pleural effusion. The lung parenchyma is more rarely involved，but fibrosis can occur. A patient with systemic lupus erythematosus may present with shortness of breath or chest pain for a number of reasons. Pulmonary emboli must be suspected in those with antiphospholipid antibodies. Infections are common in immunosuppressed patients and rib fractures may occur，particularly in those rendered osteoporotic by treatment with corticosteroids.

The shrinking lung syndrome is characterized by reduced lung volumes and poor respiratory reserve in the face of a normal appearance of the lung parenchyma on computed tomography scanning. It is believed to arise from basal atelectasis in association with diaphragmatic dysfunction.

Cardiovascular involvement：The commonest cardiac manifestation of systemic lupus erythematosus is pericarditis，which occurs in approximately 15 percent of patients. This generally presents with chest pain or an asymptomatic friction rubs. Pericardial effusions may occur but are rarely large enough to cause haemodynamic compromise.

Myocarditis and endocarditis are less common，though post-mortem and echocardiographic studies suggest that both may occur without symptoms in a significant proportion of patients with systemic lupus erythematosus.

It is increasingly recognized that atherosclerosis and the attendant deficiencies of cerebral and cardiac circulation are commoner in patients with systemic lupus erythematosus than in the general population. This may be partially due to the use of corticosteroids，which raise serum cholesterol and can promote hypertension. Patients possessing antiphospholipid antibodies are also at a higher risk of stroke or arterial thrombosis.

Gastrointestinal involvement：Like pleuritis，peritonitis may occur in patients with systemic lupus erythematosus and must be considered in the event of abdominal pain.Involvement of the liver and pancreas is recognized but uncommon. Minor enlargements of the liver and/or spleen occur in 10 to 25 percent of cases but these are usually asymptomatic and require no treatment.

Neuropsychiatric involvement：Systemic lupus erythematosus can affect the central nervous system in many ways，so that the true incidence of this type of involvement is difficult to quantify. Symptoms such as poor memory，change of personality，and depression or anxiety occur in many patients. It is difficult，however，to be sure whether these are caused by cerebral systemic lupus erythematosus or represent a reaction to the diagnosis and treatment of the disease.

More florid presentations such as psychotic episodes and convulsions are well recognized. By contrast to the milder symptoms noted above，these manifestations generally call for immunosuppression.

Migraine occurs in up to 40 percent of patients with systemic lupus erythematosus，particularly in the presence of antiphospholipid antibodies. Peripheral neuropathy can occur，and is usually sensory rather than motor. Cranial nerve palsies are less common，as is transverse myelitis（another feature linked to antiphospholipid antibodies）.

Ocular involvement can include episcleritis，conjunctivitis，and the presence of cytoid bodies（white patches on the retina）. Patients treated with high-dose steroids may develop cataracts.

Haematological involvement：A normochromic normocytic anaemia is frequently seen in systemic lupus erythematosus，particularly during periods of high disease activity. Microcytic iron-deficiency anaemia may be present due to blood loss from gastritis and ulcers in patients treated with non-steroidal anti-inflammatory drugs. Anaemia may also result from chronic renal failure in lupus nephritis.

A positive Coombs’ test，signifying the presence of antibodies to red blood cells，is present in 10 to 15 percent of patients with systemic lupus erythematosus but does not always indicate haemolytic anaemia.The presence of lymphopenia is a common feature，occurring in up to 80 percent of patients. Neutropenia may occur secondary to the use of cytotoxic drugs such as azathioprine or cyclophosphamide.

Three different types of thrombocytopenia occur in systemic lupus erythematosus. The mildest form is characterized by stable platelet levels of between 50 and 100 × 109
 per litre，is rarely symptomatic，and usually requires no treatment. Other patients develop an acute autoimmune thrombocytopenia with levels dropping rapidly below 10 × 109
 per litre，but rising when treated with oral steroids. A third group of patients present with thrombocytopenia alone，are treated with steroids，intravenous immunoglobulins，or splenectomy and some years later develop full-blown systemic lupus erythematosus. Thrombocytopenia is also one of the cardinal features of the antiphospholipid antibody syndrome and may be severe enough to necessitate splenectomy in that condition.


Laboratory Findings


Autoantibodies：The most commonly requested test to screen for systemic lupus erythematosus is the antinuclear antibody assay. A positive antinuclear antibody simply indicates that the patient’s blood contains antibodies which will bind to the nuclei of a sample of cells used in the test. The test is a sensitive one since over 95 percent of patients with systemic lupus erythematosus are antinuclear antibody positive. Although a small group of patients do seem to have persistently antinuclear antibody negative systemic lupus erythematosus，the absence of antinuclear antibody in a patient with suspected lupus raises serious doubt about the diagnosis.

The specificity of the antinuclear antibody test for systemic lupus erythematosus is not high. The titre of antibody represents the highest dilution of the patient’s serum at which the test is still positive. Low-titre antinuclear antibody（1 in 10）is of little significance and may occur in healthy people. Higher titres（1 in 160 or more）are more worrying and are found in most patients with systemic lupus erythematosus and in a few patients with other autoimmune conditions including rheumatoid arthritis，systemic sclerosis，and Sjögren’s syndrome. However，some people with high-titre antinuclear antibody may be followed in rheumatology clinics for years without developing a frank autoimmune disease.

The finding of a positive antinuclear antibody in a patient with symptoms suggestive of systemic lupus erythematosus should lead to a series of other autoantibody tests. Anti-dsDNA antibody levels are particularly useful. This test is virtually specific for systemic lupus erythematosus（as is the anti-Sm antibody），especially if the immunoglobulins are of the IgG isotype. The anti-dsDNA result is usually quantified and this value is a measure of the activity of the disease.

Anti-Ro and anti-La antibodies are linked to concurrent Sjögren’s syndrome. Mothers who have these antibodies have a higher incidence of neonatal lupus（see below）and should be advised about this before embarking upon a pregnancy. Anti-Ro antibodies are also associated with photosensitivity.

Coombs’ test and assays for antithyroid antibodies are often requested in patients with systemic lupus erythematosus，particularly those with coexisting anaemia or hypothyroidism.

Histopathology：The two tissues most often subjected to biopsy in systemic lupus erythematosus are the skin and kidneys.Skin biopsies are chiefly carried out to facilitate the diagnosis of an atypical rash. If systemic lupus erythematosus is suspected，it is important to take a sample of apparently normal skin as well as skin from the rash. Both should show deposition of IgG and complement at the dermoepidermal junction.

There are two main indications for renal biopsy in the patient who has，or might have，systemic lupus erythematosus. Firstly，to establish the diagnosis when this is not certain，for example in a patient with poorly characterized multisystem disease with renal involvement. Secondly，to help determine prognosis and decide upon treatment in the patient known to have systemic lupus erythematosus，but with deterioration in renal function，for example development of nephrotic syndrome and/or declining renal excretory function.

Blood and urine tests：The three most reliable measures of highly active disease are high erythrocyte sedimentation rate，depletion of complement，and high anti-dsDNA levels. The erythrocyte sedimentation rate increases much more than the level of C-reactive protein in active systemic lupus erythematosus. The combination of high erythrocyte sedimentation rate and normal C-reactive protein in a patient with a multisystem disorder should raise the suspicion of systemic lupus erythematosus，leading to appropriate autoantibody tests as described above. The C-reactive protein may，however，be raised in the presence of infection，serositis，or arthritis.

Complement components C3 and C4 are the most commonly measured，and both tend to fall in active systemic lupus erythematosus. A persistently very low level of either C3 or C4（or a high level of their degradation products C3d or C4d），regardless of immunosuppressive therapy，may signify the presence of a homozygous complement deficiency disorder. Though such disorders are very rare，it is important to diagnose them because they respond better to infusions of fresh frozen plasma than to immunosuppression.

It is important to measure creatinine and electrolyte values regularly and to check the urine for proteinuria and/or haematuria. These measures ensure that renal involvement is diagnosed early.

Liver function tests are not usually abnormal in systemic lupus erythematosus（abnormal in less than 10 percent of patients），but a baseline value should be measured，particularly in cases where potentially hepatotoxic drugs such as azathioprine may be used. Thyroid function abnormalities，particularly hypothyroidism，are well recognized to coexist with systemic lupus erythematosus.

A full blood count should be measured regularly. Falling haemoglobin，white cell count，and platelet counts may all occur. Anaemia in the presence of a positive Coombs’ test may indicate haemolysis which can be confirmed by requesting a blood film and serum haptoglobins.

Infections occur commonly in patients with systemic lupus erythematosus，particularly in those on high-dose immunosuppressants. Infection may not always be accompanied by high fever or leucocytosis，although C-reactive protein is usually raised. It is wise to carry out blood and urine cultures whenever even mild pyrexia is accompanied by a deterioration in health.

Imaging：Requests for more specialized imaging studies should be directed by the clinical findings. For example，the presence of dyspnoea and abnormal respiratory function tests often necessitates a computed tomography scan of the thorax，which is the investigation of choice for diagnosis of pulmonary fibrosis. Echocardiography is useful if pericardial effusion，myocarditis，or endocarditis are suspected clinically. Bone density scanning is becoming increasingly important，since patients with systemic lupus erythematosus are often at risk of osteoporosis due to use of corticosteroids and reduced capacity for physical exercise during young adult life.


Diagnosis


Systemic lupus erythematosus is a chronic condition in which a low level of baseline activity is punctuated by flares of higher activity. The overall severity of the disease in a particular patient depends on the nature and frequency of these flares. Systemic lupus erythematosus is often diagnosed on the basis of typical clinical findings in one organ or tissue combined with the presence of appropriate autoantibodies.


Treatment


Systemic lupus erythematosus is a disease that still has the potential to kill young people. In many cases，however，the condition runs a fairly indolent course in which an initial flare is followed by many years of low-grade activity.

Patients whose disease activity is confined to arthralgia，tiredness，and/or mild rash do not usually have greatly raised erythrocyte sedimentation rate or anti-dsDNA antibodies or reduced complement. These patients can often be treated symptomatically，for example with agents such as paracetamol and diclofenac to control joint pain.

Where such symptoms are more severe，the antimalarial agent hydroxychloroquine at a starting dose of 400 mg per day may be useful. This drug has less potential for retinal toxicity than the closely related chloroquine and is therefore preferred in systemic lupus erythematosus. It is often possible to reduce the dose to 200 mg per day after 3 months and gradually withdraw the drug thereafter. Regular blood tests are not required to monitor the effects of hydroxychloroquine，but there is a very small risk of retinopathy such that review by an ophthalmologist every 6 to 12 months is considered advisable in many units.

Where the main symptoms in a patient with systemic lupus erythematosus are those of the antiphospholipid antibody syndrome immunosuppression is rarely useful. Aspirin at a dose of 150 to 300 mg daily is recommended for those with mild symptoms of the disease or who have other risk factors for thrombosis. Patients who have suffered recurrent thromboses or cerebral infarcts and who have serum antiphospholipid antibodies should usually be treated with lifelong anticoagulation.

Some patients require a low maintenance dose of oral steroids to control their symptoms even though laboratory indices do not indicate high activity of disease. A dose of 5 to 7.5 mg daily is typically used in such cases. Topical steroids may be useful where lupus activity is confined to the skin.

Corticosteroids and cytotoxic agents are used to treat flares of disease. A mild flare of arthralgia，myalgia，and general fatigue may be alleviated by a single intramuscular dose of a corticosteroid preparation such as prednisolone acetate（usually 50 to 125 mg are given）.

More severe flares of arthritis，pleuritis，or pericarditis require oral prednisolone at a dose of 20 to 40 mg daily. This usually leads to a rapid improvement in symptoms and the dose of prednisolone can be reduced by 5 mg every 1 to 2 weeks until it reaches 5 mg per day. It may not be possible to withdraw the drug completely for several months.

Alternatively，a shorter course of corticosteroids can be given intravenously. A typical course would consist of 750 mg to 1 g of methylprednisolone given over 3 to 4 h on each of three successive days. This requires admission to hospital，making it less convenient than oral therapy，and it is generally reserved for those patients who are not responding to oral prednisolone or cannot tolerate that drug in high doses.

Autoimmune haemolytic anaemia requires higher doses（60—80 mg/d）of oral prednisolone，with the dose reduced in 5 to 10 mg increments according to the clinical response. Azathioprine may be required as a steroid-sparing agent and is used at a dose of 2.5 to 3 mg/（kg•d）.

Renal flares of systemic lupus erythematosus require the most aggressive treatment，generally involving both corticosteroids and cyclophosphamide. A number of regimes have been used and a debate continues as to which is optimal. One of the most common regimes is that recommended by the United States National Institutes of Health，in which the patient is given oral prednisolone at a dose of between 30 and 80 mg/d depending on the severity of the disease. Intravenous boluses of 750 mg to 1 g cyclophosphamide are given at monthly intervals for 6 months，then every 3 months for 2 years. Cyclophosphamide pulses should be accompanied by adequate intravenous hydration and the use of mesna（mercaptoethane sulphonate）to reduce bladder toxicity. It has been suggested that the use of intravenous pulse therapy is preferable to treatment with oral cyclophosphamide on the grounds of improved compliance and less gonadal dysfunction. The latter claim has not been proved beyond doubt and some groups use oral cyclophosphamide（2—4 mg/（kg•d））or oral azathioprine（2—3 mg/（kg•d））per day as an alternative to intravenous pulses. In renal systemic lupus erythematosus it is critically important to control the patient’s blood pressure. ACE inhibitors，and calcium channel blockers are the agents most commonly used.

The treatment of central nervous system lupus varies depending on the manifestation of cerebral dysfunction. Mild cases may respond to relatively small doses of oral steroids（up to 30 mg per day）. More florid manifestations such as convulsions or major psychosis require treatment with appropriate anticonvulsants or antipsychotic drugs，higher-dose oral steroids（60—80 mg per day），and sometimes azathioprine or intravenous pulses of cyclophosphamide in similar doses to those used in renal systemic lupus erythematosus.

Side-effects from the drugs：The side-effects of corticosteroids are well known. The most common early problems are weight gain，hirsutism，easy bruising，and insomnia. It is difficult to prevent them，except by using the lowest dose of steroid that is effective and reducing it as rapidly as possible whilst maintaining control of the disease.

Longer-term sequelae of corticosteroid use include increased susceptibility to infection，osteoporosis，avascular necrosis，and diabetes mellitus. The most rapid loss of bone in steroid-induced osteoporosis occurs within the first year of treatment，though doses of 7.5 mg/d or less of prednisolone are thought to have little effect on bone. At higher doses，it may be advisable to carry out a bone density scan and to give either calcium and vitamin D tablets or a bisphosphonate（either etidronate or alendronate are commonly used）as prophylaxis.

Cyclophosphamide causes alopecia，nausea，bladder toxicity，and gonadal dysfunction that may lead to infertility. The problem of infertility becomes more likely with increasing age. Women over 30 given cyclophosphamide are at particular risk. Again，the best way to prevent such problems is to use as small a cumulative dose of the drug as is feasible. Bone marrow suppression may occur. During a programme of cyclophosphamide pulses，the white blood cell count falls to a nadir 10 days after each pulse and should be measured at that time to decide whether the next pulse can be given safely. Nausea and vomiting during pulses may be so severe that antiemetics such as metoclopramide or granisetron are necessary. Azathioprine also causes bone marrow suppression and can cause abnormalities of liver enzymes which resolve once the drug is withdrawn.


Occupational and Psychological Aspects of Systemic Lupus Erythematosus
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