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Preface to the Third Edition


There are countless new studies of bedside examination and its accuracy in detecting disease, solving clinical problems, and predicting the patient’s course. This third edition of Evidence-Based Physical Diagnosis summarizes all of this knowledge, both old and new, by updating every chapter from the second edition, adding over 250 new studies to the book’s evidence-based medicine (EBM) boxes, and presenting new information on many subjects, including stance and gait, systolic murmurs, Schamroth sign (for clubbing), diagnosis of dementia, prediction of falls, hepatopulmonary syndrome, atrial fibrillation, relative bradycardia, tourniquet test (for dengue infections), acute stroke, pleural effusion, osteoarthritis, and acute vertigo. There is even a new chapter on examination of patients in the intensive care unit, an excellent example of how traditional physical examination and modern technology work together.


I am indebted to many investigators who contributed extra information not included in their published work. These include Dr. Waldo de Mattos (who provided his original data on patients with chronic obstructive lung disease), Dr. Aisha Lateef (who provided raw data from her study on relative bradycardia and dengue), Dr. Newman-Toker (for his explanation of the head impulse test and for directing me to the NOVEL website), Dr. Colin Grissom (who supplied additional information on his technique of capillary refill time), Dr. G. LeGal (who answered questions about the modified Geneva score), Dr. J. D. Chiche (who provided additional information regarding the correct technique of passive leg elevation), Dr. C. Subbe (who explained the derivation of the MEWS score), Dr. Torres-Russotto (who described the correct technique for the finger rub test), and Dr. S. Kalantri (who helped me understand the physical findings of pleural effusion).


Through the efforts of these and other investigators, physical examination remains an essential clinical skill, one that complements the advanced technology of modern medicine and one vital to good patient care.




Steven McGee, MD













Introduction to the First Edition


The purpose of this book is to explore the origins, pathophysiology, and diagnostic accuracy of many of the physical signs used today in adult patients. We have a wonderfully rich tradition of physical diagnosis, and my hope is that this book will help square this tradition, now almost 2 centuries old, with the realities of modern diagnosis, which often rely more on technologic tests such as clinical imaging and laboratory testing. The tension between physical diagnosis and technologic tests has never been greater. Having taught physical diagnosis for 20 years, I frequently observe medical students purchasing textbooks of physical diagnosis during their preclinical years, to study and master traditional physical signs, but then neglecting or even discarding this knowledge during their clinical years, after observing that modern diagnosis often takes place at a distance from the bedside. One can hardly fault a student who, caring for a patient with pneumonia, does not talk seriously about crackles and diminished breath sounds when all of his teachers are focused on the subtleties of the patient’s chest radiograph. Disregard for physical diagnosis also pervades our residency programs, most of which have formal x-ray rounds, pathology rounds, microbiology rounds, and clinical conferences addressing the nuances of laboratory tests. Very few have formal physical diagnosis rounds.


Reconciling traditional physical diagnosis with contemporary diagnostic standards has been a continuous process throughout the history of physical diagnosis. In the 1830s, the inventor of topographic percussion, Professor Pierre Adolphe Piorry, taught that there were nine distinct percussion sounds, which he used to outline the patient’s liver, heart, lungs, stomach, and even individual heart chambers or lung cavities. Piorry’s methods flourished for over a century and once filled 200-page manuals,1 although today, thanks to the introduction of clinical imaging in the early 1900s, the only vestige of his methods is percussion of the liver span. In his 1819 A Treatise on Diseases of the Chest,2 Laennec wrote that lung auscultation could detect “every possible case” of pneumonia. It was only a matter of 20 years before other careful physical diagnosticians tempered Laennec’s enthusiasm and pointed out that the stethoscope had diagnostic limitations.3 And, for most of the 20th century, expert clinicians believed that all late systolic murmurs were benign, until Barlow in 1963 showed they often represented mitral regurgitation, sometimes of significant severity.4


There are two contemporary polar opinions of physical diagnosis. Holding the less common position are clinicians who believe that all traditional physical signs remain accurate today, and these clinicians continue to quiz students about the Krönig isthmus and splenic percussion signs. A more common position is that physical diagnosis has little to offer the modern clinician and that traditional signs, though interesting, cannot compete with the accuracy of our more technologic diagnostic tools. Neither position, of course, is completely correct. I hope this book, by examining the best evidence comparing physical signs to current diagnostic standards, will bring clinicians to a more appropriate middle ground, understanding that physical diagnosis is a reliable diagnostic tool that can still help clinicians with many, but not all, clinical problems.


Although some regard evidence-based medicine as “cookbook medicine,” this is incorrect, because there are immeasurable subtleties in our interactions with patients that clinical studies cannot address (at least, not as yet) and because the diagnostic power of any physical sign (or any test, for that matter) depends in part on our ideas about disease prevalence, which in turn depend on our own personal interviewing skills and clinical experience.∗ Instead, evidence-based physical diagnosis simply summarizes the best evidence available, whether a physical sign is accurate or not. The clinician who understands this evidence can then approach his or her own patients with the confidence and wisdom that would have developed had the clinician personally examined and learned from the thousands of patients reviewed in the studies of this book.


Sometimes, comparing physical signs with modern diagnostic standards reveals that the physical sign is outdated and perhaps best discarded (e.g., topographic percussion of diaphragm excursion). Other times, the comparison reveals that physical signs are extremely accurate and probably underused (e.g., early diastolic murmur at the left lower sternal area for aortic regurgitation, conjunctival rim pallor for anemia, or a palpable gallbladder for extrahepatic obstruction of the biliary ducts). And still other times, the comparison reveals that the physical sign is the diagnostic standard, just as most of physical examination was a century ago (e.g., systolic murmur and click of mitral valve prolapse, hemiparesis for stroke, neovascularization for proliferative diabetic retinopathy). For some diagnoses, a tension remains between physical signs and technologic tests, making it still unclear which should be the diagnostic standard (e.g., the diagnoses of cardiac tamponade or carpal tunnel syndrome). And for still others, the comparison is impossible because clinical studies comparing physical signs with traditional diagnostic standards do not exist.


My hope is that the material in this book will allow clinicians of all levels—students, house officers, and seasoned clinicians alike—to examine patients more confidently and accurately, thus restoring physical diagnosis to its appropriate, and often pivotal, diagnostic role. Once they are well-versed in evidence-based physical diagnosis, clinicians can settle most important clinical questions at the time and place they should be first addressed—the patient’s bedside.




Steven McGee, MD
July 2000
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∗ These subjects are discussed fully in Chapters 2 and 4.









Part 1


Introduction










Chapter 1 What Is Evidence-Based Physical Diagnosis?


Clinicians diagnose disease to label the patient’s experience by placing it into a specific category, a process implying specific pathogenesis, prognosis, and treatment, thus allowing clinicians to explain to patients what is happening and how best to restore health. A century ago, such categorization of the patient’s disease, or diagnosis, rested almost entirely on empiric observation, that is, what clinicians saw, heard, and felt at the patient’s bedside. Although some technologic testing was available then (e.g., microscopic examination of sputum and urine), its role in diagnosis was meager, and almost all diagnoses were based on traditional examination (Fig. 1-1). For example, if patients presented a century ago with complaints of fever and cough, the diagnosis of lobar pneumonia rested on the presence of accompanying characteristic findings such as fever, tachycardia, tachypnea, grunting respirations, cyanosis, diminished excursion of the affected side, dullness to percussion, increased tactile fremitus, diminished breath sounds (and, later, bronchial breath sounds), abnormalities of vocal resonance (bronchophony, pectoriloquy, and egophony), and crackles. If these findings were absent, the patient did not have pneumonia. Chest radiography played no role in diagnosis because it was not widely available until the early 1900s.
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FIGURE 1-1 Evolution of diagnostic standard.


The figure compares the diagnostic process one century ago (top, before introduction of clinical imaging and modern laboratory testing) to modern times (bottom), illustrating the relative contributions of bedside examination (grey shade) and technologic tests (white shade) to the diagnostic standard. One century ago, most diagnoses were defined by bedside observation, whereas today, technologic standards have a much greater diagnostic role. Nonetheless, there are many examples today of diagnoses based solely on bedside findings (examples appear in large grey shaded box). “Evidence-based” physical diagnosis, on the other hand, principally addresses those diagnoses defined by technologic standards, because it identifies those traditional findings that accurately predict the result of the technologic test. See text.




Modern medicine, of course, relies on technology much more than medicine did a century ago (to our patients’ advantage), and for many modern categories of disease the diagnostic standard is a technologic test (see Fig. 1-1). For example, if patients present today with fever and cough, the diagnosis of pneumonia is based on the presence of an infiltrate on the chest radiograph. Similarly, the diagnosis of systolic murmurs depends on echocardiography and that of ascites on abdominal ultrasonography. In these disorders, the clinician’s principal interest is the result of the technologic test, and decisions about treatment depend much more on that result than on whether the patient has egophony, radiation of the murmur into the neck, or shifting dullness. This reliance on technology creates tension for medical students, who spend hours mastering the traditional examination yet later learn (when first appearing on hospital wards) that the traditional examination pales in importance compared with technologic studies, a realization prompting a fundamental question: What actually is the diagnostic value of the traditional physical examination? Is it outdated and best discarded? Is it completely accurate and underutilized? Is the truth somewhere between these two extremes?


Examination of Figure 1-1 indicates that diagnosis today is split into two halves. For some categories of disease, the diagnostic standard remains empiric observation (e.g., what the clinician sees, hears, and feels), just as it was for all diagnoses a century ago. For example, how does a clinician know that a patient has cellulitis? By going to the bedside and observing a sick patient with fever and localized bright erythema, warmth, swelling, and tenderness on the leg. There is no other way to make this diagnosis, not by technologic studies or by any other means. Similarly, there is no technologic standard for Parkinson disease (during the patient’s life), Bell palsy, or pericarditis. All of these diagnoses, and many others in the fields of dermatology, neurology, musculoskeletal medicine, and ophthalmology, are based entirely on empiric observation by experienced clinicians; technology has a subordinate diagnostic role. In fact, this dependence of some diagnoses on bedside findings is one of the principal reasons medical students must still study and master the traditional examination.


The principal role of evidence-based physical examination, in contrast, is in the second category of diseases, that is, those whose categorization today is based on technologic studies. Clinicians want to know the results of the chest radiograph when diagnosing pneumonia, of the echocardiogram when diagnosing systolic murmurs, and of the ultrasound examination when diagnosing ascites. For each of these problems, the evidence-based approach compares traditional findings with the technologic standard and then identifies those findings that increase or decrease the probability of disease (as defined by the technologic standard), distinguishing them from unhelpful findings that fail to change probability. Using this approach, the clinician will calculate the Heckerling score∗ to predict the findings of the chest radiograph (see Chapter 30), define the topographic distribution of the murmur on the chest wall to predict the findings of the echocardiogram (see Chapter 41), and look for a fluid wave or edema to predict the findings of the abdominal ultrasound examination (see Chapter 49).


There are thus two distinct ways physical examination is applied at the bedside. For many disorders (i.e., those still lacking a technologic standard), the clinician’s observations define the diagnosis. For other disorders (i.e., those based on technologic tests), the clinician’s application of an evidence-based approach quickly identifies the relatively few findings that predict the results of the technologic standard. Both approaches to the bedside examination make physical examination more efficient and accurate and, ultimately, more relevant to the care of patients.







∗ The Heckerling score assigns one point to each of five independent predictors of pneumonia that may be present: temperature, >37.8°C; heart rate, >100/min; crackles; diminished breath sounds; and absence of asthma (see Chapter 30).









Part 2


Understanding the Evidence










Chapter 2 Diagnostic Accuracy of Physical Findings






I. Introduction


If a physical sign characteristic of a suspected diagnosis is present (i.e., positive finding), that diagnosis becomes more likely; if the characteristic finding is absent (i.e., negative finding), the suspected diagnosis becomes less likely. How much these positive and negative results modify probability, however, is distinct for each physical sign. Some findings, when positive, shift probability upward greatly, but they change it little when negative. Other signs are more useful if they are absent, because the negative finding practically excludes disease, although the positive one changes probability very little.


Much of this book consists of tables that specifically describe how positive or negative findings change the probability of disease, a property called diagnostic accuracy. Understanding these tables first requires review of four concepts: pretest probability, sensitivity, specificity, and likelihood ratios.









II. Pretest probability


Pretest probability is the probability of disease (i.e., prevalence) before application of the results of a physical finding. Pretest probability is the starting point for all clinical decisions. For example, the clinician may know that a certain physical finding shifts the probability of disease upward 40%, but this information alone is unhelpful unless the clinician also knows the starting point: if the pretest probability for the particular diagnosis was 50%, the finding is diagnostic (i.e., post-test probability 50% + 40% = 90%); if the pretest probability was only 10%, the finding is less helpful, because the probability of disease is still the flip of a coin (i.e., post-test probability 10% + 40% = 50%).


Published estimates of disease prevalence, given a particular clinical setting, are summarized in the Appendix for all the clinical problems discussed in this book (these estimates derive from clinical studies reviewed in all the EBM boxes); Table 2-1 provides a small sample of these pretest probabilities. Even so, clinicians must adjust these estimates with information from their own practice. For example, large studies based in emergency departments show that 15% to 35% of patients presenting with cough and fever have pneumonia (Table 2-1). The probability of pneumonia, however, is certainly lower in patients presenting with cough and fever to an office-based practice in the community, and it may be higher if cough and fever develop in patients with cancer or human immunodeficiency virus (HIV) infection. In fact, because the best estimate of pretest probability incorporates information from the clinician’s own practice—how specific underlying diseases, risks, and exposures make disease more or less likely—the practice of evidence-based medicine is never “cookbook” medicine but instead consists of decisions based on the unique characteristics of the patients the clinician sees.


TABLE 2-1 Pretest Probability






	Setting (Reference)

	Diagnosis

	Probability (%)






	Acute abdominal pain1-3


	Small bowel obstruction

	4






	Ankle injury4,5


	Ankle fracture

	10-14






	Cough and fever6


	Pneumonia

	15-35






	Acute calf pain or swelling7-15


	Proximal deep vein thrombosis

	13-43






	Pleuritic chest pain, dyspnea, or hemoptysis 16-19


	Pulmonary embolism

	9-43






	Diabetic foot ulcer20-22


	Osteomyelitis

	52-68














III. Sensitivity and Specificity






A. Definitions


Sensitivity and specificity describe the discriminatory power of physical signs. Sensitivity is the proportion of patients with the diagnosis who have the physical sign (i.e., have the positive result). Specificity is the proportion of patients without the diagnosis who lack the physical sign (i.e., have the negative result).


Calculation of sensitivity and specificity requires construction of a 2×2 table (Fig. 2-1) that has two columns (one for “diagnosis present” and another for “diagnosis absent”) and two rows (one for “physical sign present” and another for “physical sign absent”). These rows and columns create four boxes: one for the “true positives” (cell a, sign and diagnosis present), one for the “false positives” (cell b, sign present but disease absent), one for the “false negatives” (cell c, sign absent but disease present), and one for the “true negatives” (cell d, sign and disease absent).





[image: image]

FIGURE 2-1 2×2 table.


The total number of patients with disease (tricuspid regurgitation in this example) is the sum of the first column, or n1 = a + c. The total number of patients without disease is the sum of the second column, or n2 = b + d. The sensitivity of a physical finding (holosystolic murmur at the left lower sternal edge, in this example) is the proportion of patients with disease who have the finding (i.e., a/(a+c) or a/n1). The specificity of a physical finding is the proportion of patients without disease who lack the finding [i.e., d/(b+d) or d/n1]. The positive likelihood ratio (LR) is the proportion of patients with disease who have a positive finding (a/n1) divided by the proportion of patients without disease who have a positive finding (b/n2), or sensitivity/ (1 − specificity). The negative LR is the proportion of patients with disease who lack the finding (c/n1) divided by the proportion of patients without disease who lack the finding (d/n1), or (1 − sensitivity)/specificity. In this example, the sensitivity is 0.52 (22/42), the specificity is 0.95 (55/58), the positive LR is 10.1 [(22/42)/(3/58)], and the negative LR is 0.5 [(20/42)/(55/58)].




Figure 2-1 presents data from a hypothetical study of 100 patients presenting with pulmonary hypertension. The clinician knows that tricuspid regurgitation is a complication of pulmonary hypertension and wonders how accurately a single physical sign—the presence of a holosystolic murmur at the left lower sternal border—detects this complication.∗ In this study, 42 patients have significant tricuspid regurgitation (the sum of column 1) and 58 patients do not (the sum of column 2). The sensitivity of the holosystolic murmur is the proportion of patients with disease (i.e., tricuspid regurgitation, 42 patients) who have the characteristic murmur (i.e., the positive result, 22 patients), which is 22/42 = 0.52 or 52%. The specificity of the holosystolic murmur is the proportion of patients without disease (i.e., no tricuspid regurgitation, 58 patients) who lack the murmur (i.e., the negative result, 55 patients), which is 55/58 = 0.95 or 95%.


To recall how to calculate sensitivity and specificity, Sackett and others24,25 have suggested helpful mnemonics: sensitivity is “pelvic inflammatory disease” (or “PID,” meaning “positivity in disease”) and specificity is “National Institutes of Health” (or “NIH,” meaning “negativity in health”).









B. Using Sensitivity and Specificity to Determine Probability of Disease


The completed 2×2 table can be used to determine the accuracy of the holosystolic murmur, which is how well its presence or absence discriminates between those with tricuspid regurgitation and those without it. In Figure 2-1, the first row includes all 25 patients with the murmur (i.e., the positive results). Of these 25 patients, 22 have tricuspid regurgitation; therefore, the probability of tricuspid regurgitation, if the murmur is present (positive finding), is 22/25 or 88% (i.e., the “post-test probability” if the murmur is present). The second row includes all 75 patients without the murmur. Of these 75 patients, 20 have tricuspid regurgitation; therefore, the post-test probability of tricuspid regurgitation, if the murmur is absent (i.e., negative finding) is 20/75 or 27%.


In this example, the pretest probability of tricuspid regurgitation is 42%. The presence of the murmur (positive result) shifts the probability of disease upward considerably more (i.e., 46%, from 42% to 88%) than the absence of the murmur (negative result) shifts it downward (i.e., 15%, from 42% to 27%). This illustrates an important property of physical signs with a high specificity: when present, physical signs with high specificity greatly increase the probability of disease. A corollary to this applies to findings with high sensitivity: when absent, physical signs with a high sensitivity greatly decrease the probability of disease. The holosystolic murmur has a high specificity (95%) but only a meager sensitivity (52%), meaning that at the bedside, a positive result (the presence of a murmur) has greater diagnostic importance than the negative result (the absence of the murmur). The presence of the characteristic murmur argues compellingly for tricuspid regurgitation, but its absence is less helpful, simply because many patients with significant regurgitation lack the characteristic murmur.


Sackett and others25 have suggested mnemonics for these characteristics as well: “SpPin” (i.e., a Specific test, when Positive, rules in disease) and “SnNout” (i.e., a Sensitive test, when Negative, rules out disease).












IV. Likelihood Ratios


Likelihood ratios, like sensitivity and specificity, describe the discriminatory power of physical signs. Although they have many advantages, the most important is how simply and quickly they can be used to estimate post-test probability.






A. Definition


The likelihood ratio (LR) of a physical sign is the proportion of patients with disease who have a particular finding divided by the proportion of patients without disease who also have the same finding.





[image: image]





The adjective positive or negative indicates whether the LR refers to the presence of the physical sign (i.e., positive result) or to the absence of the physical sign (i.e., negative result).


A positive LR, therefore, is the proportion of patients with disease who have a physical sign divided by the proportion of patients without disease who also have the same sign. The numerator of this equation—proportion of patients with disease who have the physical sign—is the sign’s sensitivity. The denominator—proportion of patients without disease who have the sign—is the complement of specificity, or (1 – specificity). Therefore,





[image: image]





In our hypothetical study (Fig. 2-1), the proportion of patients with tricuspid regurgitation who have the murmur is 22/42 or 52.4% (i.e., the finding’s sensitivity) and the proportion of patients without tricuspid regurgitation who also have the murmur is 3/58 or 5.2% (i.e., 1 − specificity). The ratio of these proportions [i.e., (sensitivity)/(1 − specificity)] is 10.1, which is the positive LR for a holosystolic murmur at the lower sternal border. This number means that patients with tricuspid regurgitation are 10.1 times more likely to have the holosystolic murmur than those without tricuspid regurgitation.


Similarly, the negative LR is the proportion of patients with disease lacking a physical sign divided by the proportion of patients without disease also lacking the sign. The numerator of this equation— proportion of patients with disease lacking the finding—is the complement of sensitivity, or (1 − sensitivity). The denominator of the equation— proportion of patients without disease lacking the finding—is the specificity. Therefore,
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In our hypothetical study, the proportion of patients with tricuspid regurgitation lacking the murmur is 20/42 or 47.6% (i.e., 1 − sensitivity) and the proportion of patients without tricuspid regurgitation lacking the murmur is 55/58 or 94.8% (i.e., the specificity). The ratio of these proportions [i.e. (1 − sensitivity)/(specificity)] is 0.5, which is the negative LR for the holosystolic murmur. This number means that patients with tricuspid regurgitation are 0.5 times less likely to lack the murmur than those without tricuspid regurgitation. (The inverse statement is less confusing: patients without tricuspid regurgitation are two times more likely to lack a murmur than those with tricuspid regurgitation.)


Although these formulae are difficult to recall, the interpretation of LRs is straightforward. Findings with LRs greater than 1 increase the probability of disease; the greater the LR, the more compelling the argument for disease. Findings whose LRs lie between between zero and 1 decrease the probability of disease; the closer the LR is to zero, the more convincing the finding argues against disease. Findings whose LRs equal 1 lack diagnostic value because they do not change probability at all. “Positive LR” describes how probability changes when the finding is present. “Negative LR” describes how probability changes when the finding is absent.


LRs, therefore, are nothing more than diagnostic weights, whose possible values range from zero (i.e., excluding disease) to infinity (i.e., pathognomonic for disease; Fig. 2-2).
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FIGURE 2-2 Likelihood ratios (LRs) as diagnostic weights.


The relationship between a specific physical sign and a specific disease is described by a unique number—its likelihood ratio (LR)—which is nothing more than a diagnostic weight describing how much that sign argues for or against that specific disease. The possible values of LRs range from zero to infinity (∞). Findings with LRs greater than 1 argue for the specific disease (the greater the value of the LR, the more the probability of disease increases). Findings with LRs less than 1 argue against the disease (the closer the number is to zero, the more the probability of disease decreases). LRs that equal 1 do not change probability of disease at all.











B. Using LRS to Determine Probability


The clinician can use the LR of a physical finding to estimate probability of disease in three ways: (1) using graphs or other easy-to-use nomograms26,27; (2) using bedside approximations, or (3) using formulas.






1. Using Graphs






a. Parts of the Graph


Figure 2-3 is an easy-to-use graph that illustrates the relationship between pretest probability (x-axis) and post-test probability (y-axis), given the finding’s LR. The straight line bisecting the graph into an upper left half and lower right half describes the LR of 1, which has no discriminatory value because, for findings with this LR, post-test probability always equals pretest probability. Physical findings that argue for disease (i.e., LRs >1) appear in the upper left half of the graph; the larger the value of the LR, the more the curve approaches the upper left corner. Physical findings that argue against disease (i.e., LRs <1) appear in the lower right half of the graph: the closer the LR is to zero, the more the curve approaches the lower right corner.
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FIGURE 2-3 Probability and likelihood ratios.


The curves describe how pretest probability (x-axis) relates to post-test probability (y-axis), given the likelihood ratio (LR) for the physical finding. Only the curves for seven likelihood ratios are depicted (from LR = 0.1 to LR = 10). See text.




In Figure 2-3, the three depicted curves with LRs greater than 1 (i.e., LR = 2, 5, and 10) are mirror images of the three curves with LRs less than 1 (i.e., LR = 0.5, 0.2, and 0.1). (This assumes the “mirror” is the line LR = 1.) This symmetry indicates that findings with an LR of 10 argue as much for disease as those with an LR of 0.1 argue against disease (although this is true only for the intermediate pretest probabilities). Similarly, an LR of 5 argues as much for disease as an LR of 0.2 argues against it, and an LR of 2 mirrors an LR of 0.5. Keeping these companion curves in mind will help the clinician interpret the LRs throughout this book.∗


If a finding has an LR other than one of these depicted seven curves, its position can be estimated with little loss in accuracy. For example, the curve for LR = 4 lies between LR = 5 and LR = 2, though closer to LR= 5 than to LR = 2.









b. Using the Graph to Determine Probability


To use this graph, the clinician identifies on the x-axis the patient’s pretest probability, derived from published estimates and clinical experience, and extends a line upward from that point to meet the LR curve for the physical finding. The clinician then extends a horizontal line from this point to the y-axis to identify post-test probability.


Figure 2-4 depicts this process for the lower sternal holosystolic murmur and tricuspid regurgitation. The pretest probability of tricuspid regurgitation is 42%. If the characteristic murmur is present (positive LR = 10), a line is drawn upward from 0.42 on the x-axis to the LR = 10 curve; from this point, a horizontal line is drawn to the y-axis to find the post-test probability (88%). If the murmur is absent (negative LR = 0.5), the post-test probability is the y-value where the vertical line intersects the LR = 0.5 curve (i.e., post-test probability of 27%).
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FIGURE 2-4 Probability and likelihood ratios: patients with pulmonary hypertension.


In our hypothetical clinician’s practice, 42% of patients with pulmonary hypertension have the complication of tricuspid regurgitation (i.e., pretest probability is 42%). To use the curves, the clinician finds 0.42 on the x-axis and extends a line upward. The post-test probability of tricuspid regurgitation is read off the y-axis where the vertical line intersects the curve of the appropriate LR. The probability of tricuspid regurgitation if a holosystolic murmur is present at the left lower sternal edge (LR = 10.1) is 88%; the probability if the finding is absent (LR = 0.5) is 27%.




These curves illustrate an additional important point: Physical signs are diagnostically most useful when they are applied to patients who have pretest probabilities in the intermediate range (i.e., 20% to 80%) because in this range the different LR curves diverge the most from the LR = 1 curve (thus, shifting probability up or down by a large amount). If instead the pretest probability is already very low or very high, all the LR curves cluster close to the line LR = 1 curve in either the bottom left or upper right corners, thus changing probability relatively little.












2. Approximating Probability


The clinician can avoid using graphs and instead approximate post-test probability by remembering the following two points: (1) The companion LR curves in Figure 2-3 are LR = 2 and LR = 0.5, LR = 5 and LR = 0.2, and LR = 10 and LR = 0.1. (2) The first three multiples of “15” are 15, 30, and 45. Using this rule, the LRs of 2, 5, and 10 increase probability about 15%, 30%, and 45%, respectively (Fig. 2-5). The LRs of 0.5, 0.2, and 0.1 decrease probability about 15%, 30%, and 45%, respectively.28 These estimates are accurate to within 5% to 10% of the actual value, as long the clinician rounds estimates over 100 to an even 100% and estimates below zero to an even 0%.





[image: image]

FIGURE 2-5 Approximating probability.


Clinicians can estimate changes in probability by recalling the LRs 2, 5, and 10 and the first three multiples of 15 (i.e., 15, 30, and 45). A finding whose LR is 2 increases probability about 15%; one of 5 increases it 30%; and one of 10 increases it 45% (these changes are absolute increases in probability). LRs whose values are 0.5, 0.2, and 0.1 (i.e., the reciprocals of 2, 5, and 10) decrease probability 15%, 30%, and 45%, respectively. Throughout this book, LRs with values of ≥3 or ≤0.3 (represented by the shaded part of the diagnostic weight “ruler”) are presented in boldface type to indicate those physical findings that change probability sufficiently to be clinically meaningful (i.e., they increase or decrease probability at least 20% to 25%).




Therefore, in our hypothetical patient with pulmonary hypertension, the finding of a holosystolic murmur (LR = 10) increases the probability of tricuspid regurgitation from 42% to 87% (i.e., 42% + 45% = 87%, which is only 1% lower than the actual value). The absence of the murmur (LR = 0.5) decreases the probability of tricuspid regurgitation from 42% to 27% (i.e., 42% − 15% = 27%, which is identical to the actual value).


Table 2-2 summarizes similar bedside estimates for all LRs between 0.1 and 10.


TABLE 2-2 Likelihood Ratios and Bedside Estimates






	Likelihood Ratio

	Approximate Change in Probability∗







	0.1

	−45%






	0.2

	−30%






	0.3

	−25%






	0.4

	−20%






	0.5

	−15%






	1

	No change






	2

	+15%






	3

	+20%






	4

	+25%






	5

	+30%






	6

	+35%






	7

	 






	8

	+40%






	9

	 






	10

	+45%







∗ These changes describe absolute increases or decreases in probability. For example, a patient with a pretest probability of 20% and a physical finding whose LR is 5 would have a post-test probability of 20% + 30% = 50%. The text describes how to easily recall these estimates. From McGee S. Simplifying likelihood ratios. J Gen Intern Med. 2002;17:646-649.









3. Calculating Probability


The post-test probability also can be calculated by first converting pretest probability (Ppre) into pretest odds (Opre):
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The pretest odds (Opre) are multiplied times the LR of the physical sign to determine the post-test odds (Opost):





[image: image]





The post-test odds (Opost) convert back to post-test probability (Ppost), using:





[image: image]





Therefore, in our hypothetical example of the patients with pulmonary hypertension, the pretest odds for tricuspid regurgitation are [(0.42)/(1− 0.42)] or 0.72. If the murmur is present (LR = 10), the post-test odds are [0.72 × 10] or 7.2, which translates to a post-test probability of [(7.2)/(1 + 7.2)] or 0.88 (i.e., 88%). If the murmur wave is absent (LR = 0.5), the post-test odds are [0.72 × 0.5] or 0.36, which translates to a post-test probability of [(0.36)/(1 + 0.36)] or 0.27 (i.e., 27%).


Clinical medicine, however, is rarely as precise as these calculations suggest, and for most decisions at the bedside, the approximations described in this section on “approximating probability” are more than adequate.












C. Advantages of Likelihood Ratios






1. Simplicity


In a single number, the LR conveys to clinicians how convincingly a physical sign argues for or against disease. If the LR of a finding is large, disease is likely, and if the LR of a finding is close to zero, disease is doubtful. This advantage allows clinicians to quickly compare different diagnostic strategies and thus refine clinical judgment.28









2. Accuracy


Using LRs to describe diagnostic accuracy is superior to using sensitivity and specificity because the earlier described mnemonics, SpPin and SnNout, are sometimes misleading. For example, according to the mnemonic SpPin, a finding with a specificity of 95% should argue conclusively for disease, but it does so only if the positive LR for the finding is a high number. If the finding’s sensitivity is 60%, the positive LR is 12 and the finding does argue convincingly for disease (i.e., consistent with the SpPin mnemonic); if the finding’s sensitivity is only 10%, however, the positive LR is 2 and post-test probability changes only slightly (i.e., inconsistent with the SpPin mnemonic). Similarly, a highly sensitive finding argues convincingly against disease (i.e., SnNout) only when its calculated negative LR is a number close to zero.









3. Levels of Findings


Another advantage of LRs is that a physical sign measured on an ordinal scale (e.g., 0, 1+, 2+, 3+) or a continuous scale (e.g., blood pressure) can be categorized into different levels to determine the LR for each level, thereby increasing the accuracy of the finding. Other examples include continuous findings such as heart rate, respiratory rate, temperature, and percussed span of the liver, and ordinal findings such as intensity of murmurs and degree of edema.


For example, in patients with chronic obstructive lung disease (i.e., emphysema, chronic bronchitis), breath sounds are typically faint. If the clinician grades the intensity of breath sounds on a scale from 0 (absent) to 24 (very loud), based on the methods discussed in Chapter 28, he or she can classify the patient’s breath sounds into one of four groups: scores of 9 or less (very faint), 10 to 12, 13 to 15, or greater than 15 (loud).29,30 Each category then has its own LR (Table 2-3): scores of 9 or less significantly increase the probability of obstructive disease (LR = 10.2), whereas scores greater than 15 significantly decrease it (LR = 0.1). Scores from 10 to 12 argue somewhat for disease (LR = 3.6), and scores from 13 to 15 provide no diagnostic information (LR not significantly different from 1). If the clinician had instead identified breath sounds as simply “faint” or “normal/increased” (i.e., the traditional positive or negative finding), the finding may still discriminate between patients with and without obstructive disease, but it misses the point that the discriminatory power of the sign resides mostly with scores less than 10 and greater than 15.


TABLE 2-3 Breath Sound Intensity and Chronic Airflow Limitation






	Breath Sound Score

	Likelihood Ratio






	9 or less

	10.2






	10-12

	3.6






	13-15

	NS






	>15

	0.1







NS, not significant,


From Bohadana AB, Peslin R, Uffholtz H. Breath sounds in the clinical assessment of airflow obstruction. Thorax. 1978;33:345-351; Pardee NE, Martin CJ, Morgan EH. A test of the practical value of estimating breath sound intensity: breath sounds related to measured ventilatory function. Chest. 1976;70(3):341-344.


When findings are categorized into levels, the term specificity becomes meaningless. For example, the specificity of a breath sound score of 13 to 15 is 80%, which means that 80% of patients without chronic airflow limitation have values other than 13 to 15, though the “80%” does not convey whether most of these other values are greater than 15 or less than 13. Similarly, when findings are put into more than two categories, the LR descriptor negative is no longer necessary, because all LRs are positive ones for their respective category.









4. Combining Findings


A final advantage of LRs is that clinicians can use them to combine findings, which is particularly important for those physical signs with LRs between 0.5 and 2, signs that by themselves change probability little but when combined change probability a greater amount. Individual LRs can be combined, however, only if the findings are “independent.”






a. Independence of Findings


Independence means that the LR for the second finding does not change once the clinician determines whether the first finding is present or absent. For a few diagnostic problems, investigators have identified which findings are independent of each other. These findings appear as components of “diagnostic scoring schemes” in the tables throughout this book. For most physical findings, however, very little information is available about independence, and the clinician must judge whether combining findings is appropriate.


One important clue is that most independent findings have a unique pathophysiologic basis. For example, when considering pneumonia in patients with cough and fever, the clinician could combine the findings of abnormal mental status and diminished breath sounds, using the individual LRs of each finding, because abnormal mental status and diminished breath sounds probably have separate pathophysiologic bases. Similarly, when considering heart failure in patients with dyspnea, the clinician could combine the findings of elevated neck veins and third heart sound because these findings also have different pathophysiologic bases.


Examples of findings whose individual LRs should not be combined (because the findings share the same pathophysiologic basis) are flank dullness and shifting dullness in the diagnosis of ascites (both depend on intra-abdominal contents dampening the vibrations of the abdominal wall during percussion), neck stiffness and Kernig sign in the diagnosis of meningitis (both are caused by meningeal irritation), and edema and elevated neck veins in the diagnosis of heart failure (both depend on elevated right atrial pressure).


Until more information is available, the safest policy for the clinician to follow, when combining LRs of individual findings, is to combine no more than three findings, all of which have a distinct pathophysiologic basis.









b. How to Combine Findings


The clinician can use any of the methods previously described to combine findings, simply by making the post-test probability from the first finding the pretest probability for the second finding. For example, a hypothetical patient with acute fever and cough has two positive findings that we believe have separate pathophysiologic bases and therefore are independent: abnormal mental status (LR = 1.9 for pneumonia) and diminished breath sounds (LR = 2.3 for pneumonia). The pretest probability of pneumonia, derived from published estimates and clinical experience, is estimated to be 20%. Using the graph, the finding of abnormal mental status increases the probability from 20% to 32%; this post-test probability then becomes the pretest probability for the second finding, diminished breath sounds, which increases the probability from 32% to 52%—the overall probability after application of the two findings. Using the approximating rules, both findings (LRs ≈ 2) increase the probability about 15%; the posttest probability is thus 20% + 15% + 15% = 50% (an error of only 2%). Using formulas to calculate probability, the LRs of the separate findings are multiplied together, and the product is used to convert pretest into post-test odds. The product of the two LRs is 4.4 (1.9 × 2.3); the pretest odds are 0.2/0.8 = 0.25; and the post-test odds are 0.25 × 4.4 = 1.1, which equals a probability of 1.1/2.1 = 52%.
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∗ The numbers used in this example are very close to those in reference 23. See also Chapter 44.


∗ These companion pairs are easy to recall because they are the inverse of each other: the inverse of 10 is 1/10 = 0.1; the inverse of 5 is 1/5 = 0.2; the inverse of 2 is 1/2 = 0.5.










Chapter 3 Using the Tables in This Book






I. Introduction


Information about the diagnostic accuracy of physical findings is presented in two types of displays in this book: (1) “Frequency of Findings” tables, which show only the sensitivity of physical signs, and (2) EBM (evidence-based medicine) boxes titled Diagnostic Accuracy, which present the sensitivity, specificity, and likelihood ratios (LRs) of various physical signs.









II. Frequency of Findings Tables






A. Definition


Frequency of findings tables summarize multiple studies of patients with a specific diagnosis and present the sensitivity of physical signs found in that disorder. These tables provide no information about a sign’s specificity. An example is Table 3-1, listing the frequency of findings in constrictive pericarditis, a disorder in which a diseased and unyielding pericardium interferes with diastolic filling of the heart.


TABLE 3-1 Constrictive Pericarditis∗†






	Physical Finding

	Frequency (%)‡







	neck veins






	Elevated neck veins

	98






	Prominent y descent (Friedreich’s sign)

	57-100






	Kussmaul’s sign

	50






	arterial pulse






	Irregularly irregular (atrial fibrillation)

	36-70






	blood pressure






	Pulsus paradoxus >10 mm Hg

	17-43






	auscultation of heart






	Pericardial knock

	28-94






	Pericardial rub

	3






	other findings






	Hepatomegaly

	87-100






	Edema

	63






	Ascites

	53-89







∗ Data from 331 patients from references 1 to 9.


† Diagnostic standard: For constrictive pericarditis, surgical and postmortem findings1,2,5,6 are sometimes seen in combination with hemodynamic findings.3,4,7-9


‡ Results are overall mean frequency or, if statistically heterogeneous, the range of values.









B. Parts of the Table






1. Finding


The first column lists the various physical signs, organized by organ system, with the findings of each organ system listed from most to least frequent.









2. Frequency


The second column lists the sensitivity (or frequency) of the physical signs. If the sensitivity from every study is statistically similar, the overall mean frequency is presented (e.g., in Table 3-1, 98% of patients with constrictive pericarditis have elevated neck veins). If the sensitivities from the different studies are statistically diverse (p <.05 by the chi-square test), the range of values is instead presented (e.g., in Table 3-1, 28% to 94% have a pericardial knock, a loud heart sound heard near the apex during early diastole).









3. Footnotes


The footnotes to these tables present the source of the information and the diagnostic standards used. For example, the information in Table 3-1 is based on 331 patients from nine different studies, which based the diagnosis of constrictive pericarditis on surgical, postmortem, or hemodynamic findings.












C. Interpretation


Because the frequency of findings tables provide just information about a sign’s sensitivity, they can only be used to support a statement that a physical sign, when absent, argues against disease. The absence of any finding whose sensitivity (or frequency) is greater than 95% is a compelling argument against that diagnosis (i.e., the negative LR is ≤0.1, even if the specificity of the finding, which is unknown, is as low as 50%). In Table 3-1, elevated venous pressure is such a finding (sensitivity, 98%): if the clinician is considering the diagnosis of constrictive pericarditis but the patient’s bedside estimate of venous pressure is normal, the diagnosis becomes very unlikely.


Similarly, the absence of two or three independent findings having sensitivities greater than 80% is also a compelling argument against disease.∗ (See Chapter 2 for a definition of independent findings.)












III. Diagnostic Accuracy Boxes (EBM Boxes)






A. Definition


Diagnostic accuracy tables summarize information from large numbers of patients who present with similar symptoms but different diagnoses. These EBM boxes present the physical sign’s sensitivity, specificity, and positive and negative LRs, which then indicate how well that physical sign discriminates between patients with a particular diagnosis of interest and those without it.


EBM Box 3-1 presents an example summarizing the diagnostic accuracy of physical signs for pneumonia, as applied to a large number of patients with cough and fever. (See Chapter 30 for the complete EBM box.) In these studies, only about 20% of patients had pneumonia; the remainder had other causes of cough and fever such as sinusitis, bronchitis, or rhinitis.





EBM BOX 3-1 Pneumonia∗
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B. Parts of the EBM Box






1. Finding


The first column presents the physical signs, organized by organ system, and the source of the information. Validated scoring schemes that combine findings appear in the bottom rows of EBM boxes.









2. Sensitivity and Specificity


The second and third columns present the range of a physical sign’s sensitivity and specificity observed in these studies.









3. Likelihood Ratios


The third and fourth columns present the physical sign’s positive and negative LR. (For clarity, “likelihood ratio if finding present” refers to the positive LR, and “likelihood ratio if finding absent” refers to the negative LR.) In contrast to sensitivity and specificity, which are presented as a range of values, LRs are described by a single number, derived by using a statistical technique called the random effects model. (See the section on Summarizing Likelihood Ratios in this chapter.18) Only statistically significant LRs are presented in the EBM boxes. If the 95% confidence interval (CI) for an LR, positive or negative, includes the value of 1, that result of the physical finding fails to statistically discriminate between patients with disease and those without it, and the notation “NS” (for not significant) is recorded in the EBM box.









4. Footnote


The footnotes to EBM boxes describe the diagnostic standards used in the studies and, if necessary, definitions of findings. The footnote for EBM Box 3-1, for example, indicates that the diagnostic standard for pneumonia was the chest radiograph; it also describes the components of the Heckerling diagnostic scoring scheme presented in the bottom rows of the EBM box.












C. Interpretation of EBM Box


To use these EBM boxes, the clinician need only glance at the LR columns to appreciate the discriminatory power of different findings. LRs with the greatest value increase the probability of disease the most; LRs with the value closest to zero decrease the probability of disease the most. Boldface type highlights all findings with an LR of 3 or more or of 0.3 or less, thus allowing quick identification of the physical signs that increase probability more that 20% to 25% (LR ≥3) and those that decrease it more than 20% to 25% (LR ≤0.3; see also Chapter 2).


In patients with cough and fever (EBM Box 3-1), the individual findings increasing the probability of pneumonia the most are egophony (LR = 4.1), cachexia (LR = 4), bronchial breath sounds (LR = 3.3), and percussion dullness (LR = 3). In contrast, no individual finding, when present or absent, significantly decreases the probability of pneumonia. (No LR has a value ≤0.3.)


EBM Box 3-1 also shows that a score of 4 or more points using the Heckerling diagnostic scheme significantly increases the probability of pneumonia (LR = 8.2), whereas a score of 0 or 1 point significantly decreases it (LR = 0.3).












IV. Criteria for Selecting Studies Used In Diagnostic Accuracy Tables


All studies of adult patients that meet the following four criteria are included in the EBM boxes of this book.






A. Patients were Symptomatic


The study must have enrolled patients presenting to clinicians with symptoms or other problems. Therefore, studies using asymptomatic controls, which tend to inflate the specificity of physical signs, were excluded. Clinicians do not need a physical sign to help them distinguish patients with pneumonia from healthy persons (who would not be consulting the doctor); instead, they are interested in the physical signs distinguishing pneumonia from other causes of cough and fever.









B. Definition of Physical Sign


The physical sign in the study must be clearly defined.









C. Independent Comparison to A Diagnostic Standard


There must be an independent comparison to an acceptable diagnostic standard. Independent comparison means that the physical sign was not used to select patients for testing with the diagnostic standard. Acceptable diagnostic standards include laboratory testing, clinical imaging, surgical findings, or postmortem analysis.









D. 2×2 Table Could Be Constructed


The studies must provide figures or tables from which numbers could be extracted to construct 2×2 tables and calculate sensitivity, specificity, and LRs. If any cell of the 2×2 table contained the value of zero, 0.5 was added to all cells, to avoid creating the unlikely LR of 0 or infinity.












V. Summarizing Likelihood Ratios


The random effects model by Dersimonian and Laird,18 which considers both within study and between study variance to calculate a pooled LR, was used to summarize the LRs from the various studies. Table 3-2 illustrates how this model works. In the top rows of this table are the individual data from all studies of egophony that appear in EBM Box 3-1, including the finding’s sensitivity and specificity, the positive and negative LRs, and the LR’s 95% CIs. The bottom row of Table 3-2 shows how all of this information is summarized throughout the book.




TABLE 3-2 Egophony and Pneumonia: Individual Studies


[image: image]




In each of the studies, egophony was specific (96% to 99%) but not sensitive (4% to 16%). The positive LRs are all greater than 1, indicating that the finding of egophony increases the probability of pneumonia. For one of the three studies (i.e., Gennis and others12), the positive LR lacked statistical significance because its 95% CI includes the value of 1 (i.e., the LR value of 1 has no discriminatory value). For the other two studies, the 95% CI of the positive LR excluded the value of 1, thus making them statistically significant. The summary measure for the positive LR (fourth row of this table) is both clinically significant (4.08, a large positive number) and statistically significant (its 95% CI excludes 1). All of this information is summarized, in the notation used in this book (last row), by simply presenting the pooled LR of 4.1. (Interested readers may consult the Appendix for the 95% CIs of all LRs in this book.)


In contrast, the negative LRs from each study have both meager clinical significance (i.e., 0.87 to 0.96, values close to 1) and, for two of the three studies, no statistical significance (i.e., the 95% CI includes 1). The pooled negative LR also lacks clinical and statistical significance. Because it is statistically no different from 1 (i.e., the 95% CI of the pooled value, 0.88 to 1.01, includes 1), it is summarized using the notation “NS” for not significant.


Presenting the single pooled result for statistically significant LRs and NS for the statistically insignificant ones simplifies the EBM boxes and makes it much simpler to grasp the point that the finding of egophony in patients with cough and fever increases the probability of pneumonia (LR = 4.1), but the absence of egophony changes probability very little or not at all.
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∗ This statement assumes that the product of the LRs being combined is less than 0.1. Therefore, [image: image], where n = number of findings being combined. If the specificity of the findings is as low as 50%, each of two findings being combined must have a sensitivity greater than 84%, and each of three findings being combined must have a sensitivity greater than 77%.










Chapter 4 Reliability of Physical Findings


Reliability refers to how often multiple clinicians, examining the same patients, agree that a particular physical sign is present or absent. As characteristics of a physical sign, reliability and accuracy are distinct qualities, although significant interobserver disagreement tends to undermine the finding’s accuracy and prevents clinicians from applying it confidently to their own practice. Disagreement about physical signs also contributes to the growing sense among clinicians, not necessarily justified, that physical examination is less scientific than more technologic tests, such as clinical imaging and laboratory testing, and that physical examination lacks their diagnostic authority.


The most straightforward way to express reliability, or interobserver agreement, is simple agreement, which is the proportion of total observations in which clinicians agree about the finding. For example, if two clinicians examining 100 patients with dyspnea agree that a third heart sound is present in 5 patients and is absent in 75 patients, simple agreement would be 80% [i.e., (5 + 75)/100 = 0.8; in the remaining 20 patients, only one of the two clinicians heard a third heart sound]. Simple agreement has advantages, including being easy to calculate and understand, but a significant disadvantage is that agreement may be quite high by chance alone. For example, if one of the clinicians in our hypothetical study heard a third heart sound in 10 of the 100 dyspneic patients and the other heard it in 20 of the patients (even though they agreed about the presence of the heart sound in only 5 patients), simple agreement by chance alone would be 74%.∗ With chance agreement this high, the observed 80% agreement no longer seems so impressive.


To address this problem, most clinical studies now express interobserver agreement using the kappa (κ) statistic, which usually has values between 0 and 1. (The Appendix at the end of this chapter shows how to calculate the κ-statistic.) A κ-value of 0 indicates that observed agreement is the same as that expected by chance, and a κ-value of 1 indicates perfect agreement. According to convention, a κ-value of 0 to 0.2 indicates slight agreement; 0.2 to 0.4, fair agreement; 0.4 to 0.6, moderate agreement; 0.6 to 0.8, substantial agreement; and 0.8 to 1, almost perfect agreement.∗ Rarely, physical signs have κ-values of less than 0 (theoretically, as low as −1), indicating the observed agreement was worse than chance agreement.


Table 4-1 presents the κ-statistic for most of the physical signs discussed in this book, demonstrating that with rare exceptions, observed agreement is better than chance agreement (i.e., κ-statistic exceeds 0). About 60% of findings have a κ-statistic of 0.4 or more, indicating that observed agreement is moderate or better.


TABLE 4-1 Interobserver Agreement and Physical Signs






	Finding (Reference)

	κ-statistic∗







	general appearance






	Mental Status Examination






	 Mini-Mental Status Examination1


	0.28-0.80






	 Clock-drawing test (Wolf-Klein method)2


	0.73






	 Confusion Assessment Method for delirium3-6


	0.70-0.91






	 Altered mental status7


	0.71






	Stance and Gait






	 Abnormal gait8,9


	0.11-0.71






	Skin






	 Patient appears anemic10,11


	0.23-0.48






	 Nailbed pallor12


	0.19-0.34






	 Conjunctival pallor (rim method)13


	0.54-0.75






	 Ashen or pale skin7


	0.34






	 Cyanosis10,14


	0.36-0.70






	 Jaundice15


	0.65






	 Loss of hair16


	0.51






	 Vascular spiders15-17


	0.64-0.92






	 Palmar erythema15-17


	0.37-1






	Hydration Status






	 Patient appears dehydrated10


	0.44-0.53






	 Axillary dryness18


	0.50






	 Increased moisture on skin10


	0.31-0.53






	 Capillary refill >3 seconds7


	0.29






	Nutritional Assessment






	 Abnormal nutritional state10


	0.27-0.36






	Other Findings






	 Consciousness impaired10


	0.65-0.88






	 Patient appears older than age10


	0.38-0.42






	 Patient appears in pain10


	0.43-0.75






	 Generally unwell in appearance10


	0.52-0.64






	vital signs






	 Tachycardia (heart rate >100/min)19


	0.85






	 Bradycardia (heart rate <60/min)19


	0.87






	 Systolic hypertension (SBP >160 mm Hg)19


	0.75






	 Hypotension (SBP <90 mm Hg)19,20


	0.27-0.90






	 Osler sign21-23


	0.26-0.72






	 Rumpel-Leede (tourniquet) test24


	0.88






	 Elevated body temperature, palpating the skin10


	0.09-0.23






	 Tachypnea7,14,19


	0.25-0.60






	head and neck






	Diabetic Retinopathy






	 Microaneurysms25,26


	0.58-0.66






	 Intraretinal hemorrhages25,26


	0.89






	 Hard exudates25,26


	0.66-0.74






	 Cotton-wool spots25,26


	0.56-0.67






	 Intraretinal microvascular abnormalities (IRMA)25,26


	0.46






	 Neovascularization near disc25,26


	0.21-0.48






	 Macular edema25,26


	0.21-0.67






	 Overall grade25,26


	0.65






	Hearing






	 Whispered voice test27


	0.16-1






	 Finger rub test28


	0.83






	Thyroid






	 Thyroid gland diffuse; multinodular or solitary nodule29


	0.25-0.70






	 Goiter30,31


	0.38-0.77






	Meninges






	 Nuchal rigidity, present or absent32


	0.76






	lungs






	Inspection






	 Clubbing (method undefined)14,33


	0.33-0.45






	 Clubbing (interphalangeal depth ratio)34


	0.98






	 Clubbing (Schamroth sign)34


	0.64






	 Breathing difficulties10


	0.54-0.69






	 Gasping respirations7


	0.63






	 Reduced chest movement14,35,36


	0.14-0.38






	 Kussmaul respirations37


	0.70






	Pursed lip breathing36


	0.45






	 Asymmetrical chest expansion38


	0.85






	 Scalene or sternocleidomastoid muscle contraction7,36,39


	0.52-0.57






	 Kyphosis33


	0.37






	 Barrel chest36


	0.62






	 Thoracic ratio ≥0.936


	0.32






	 Displaced trachea14


	0.01






	Palpation






	 Tracheal descent during inspiration39


	0.62






	 Laryngeal height ≤5.5 cm36


	0.59






	 Impalpable apex beat14,33


	0.33-0.44






	 Decreased tactile fremitus14,38


	0.24-0.86






	 Increased tactile fremitus14


	0.01






	 Subxiphoid point of maximal cardiac impulse40


	0.30






	 Paradoxic costal margin movement39


	0.56






	Percussion






	 Hyperresonant percussion note14,35,40


	0.26-0.50






	 Dull percussion note14,35,38,41


	0.16-0.84






	 Diaphragm excursion more or less than 2 cm, by percussion40


	−0.04






	 Diminished cardiac dullness40


	0.49






	 Auscultatory percussion abnormal38,42


	0.18-0.76






	Auscultation






	 Reduced breath sound intensity14,35,36,38,40,41,43,44


	0.16-0.89






	 Bronchial breathing14,35


	0.19-0.32






	 Whispering pectoriloquy14


	0.11






	 Reduced vocal resonance38


	0.78






	 Crackles14,41,43,45-47


	0.21-0.65






	 Wheezes14,40,41,43,44


	0.43-0.93






	 Rhonchi35,44


	0.38-0.55






	 Pleural rub14,38


	−0.02-0.51






	Special Tests






	 Snider’s test <10 cm40


	0.39






	 Forced expiratory time36,40,48,49


	0.27-0.70






	 Hoover sign44


	0.74






	 Wells simplified rule for pulmonary embolism50


	0.54-0.62






	heart






	Neck Veins






	 Neck veins, elevated or normal45-4751


	0.08-0.71






	 Abdominojugular test51


	0.92






	Palpation






	 Palpable apical impulse present52-54


	0.68-0.82






	 Palpable apical impulse measurable55


	0.56






	 Palpable apical impulse displaced lateral to midclavicular line45,52,53,56


	0.43-0.86






	 Apical beat normal, sustained, double, or absent56


	0.88






	Percussion






	 Cardiac dullness >10.5 cm from midsternal line57,58


	0.57






	Auscultation






	 S2 diminished or absent, vs. normal59


	0.54






	 Third heart sound45-47,51,60-62


	−0.17-0.84






	 Fourth heart sound61,63


	0.15-0.71






	 Systolic murmur, present or absent59


	0.19






	 Systolic murmur radiates to right carotid59


	0.33






	 Systolic murmur, long systolic or early systolic64


	0.78






	 Murmur intensity (Levine grading scale)65


	0.43-0.60






	 Systolic murmur grade >2/666


	0.59






	Carotid Pulsation






	 Delayed carotid upstroke59


	0.26






	 Reduced carotid volume59


	0.24






	abdomen






	Inspection






	 Abdominal distention67,68


	0.35-0.42






	 Abdominal wall collateral veins, present vs. absent15


	0.47






	Palpation and Percussion






	 Ascites15,17,47


	0.47-0.75






	 Abdominal tenderness67-69


	0.31-0.68






	 Surgical abdomen68


	0.27






	 Abdominal wall tenderness test70


	0.52






	 Rebound tenderness67


	0.25






	 Guarding67,68


	0.36-0.49






	 Rigidity67


	0.14






	 Abdominal mass palpated68


	0.82






	 Palpable spleen15,17


	0.33-0.75






	 Palpable liver edge71,72


	0.44-0.53






	 Liver consistency, normal or abnormal15


	0.4






	 Liver firm to palpation73


	0.72






	 Liver, nodular or not15


	0.29






	 Liver, tender or not17


	0.49






	 Liver, span >9 cm by percussion45


	0.11






	 Spleen palpable or not74


	0.56-0.70






	 Spleen percussion sign (Traube sign), positive or not75


	0.19-0.41






	 Abdominal aortic aneurysm, present vs. absent76


	0.53






	Auscultation






	 Normal bowel sounds68


	0.36






	extremities






	Peripheral Vascular Disease






	 Peripheral pulse, present vs. absent77,78


	0.52-0.92






	 Peripheral pulse, normal or diminished77


	0.01-0.15






	 Cool extremities47


	0.46






	Diabetic Foot






	 Monofilament sensation, normal or abnormal79-81


	0.48-0.83






	 Probe-to-bone test82


	0.80






	Edema and Deep Venous Thrombosis






	 Dependent edema45-47


	0.39-0.73






	 Wells pretest probability for deep venous thrombosis83,84


	0.74-0.75






	Musculoskeletal System, Shoulder






	 Shoulder tenderness85


	0.32






	 Painful arc85-87


	0.45-0.64






	 External rotation of shoulder <45 degrees85


	0.68






	 Supraspinatus test (empty can)85,88


	0.47-0.94






	 Infraspinatus test (resisted external rotation)85,86


	0.49-0.67






	 Impingement sign (Hawkins-Kennedy sign)85,86,88


	0.29-1






	 Drop arm test85


	0.28






	Musculoskeletal System, Hip






	 Patrick test89


	0.47






	 Passive internal rotation ≤25 degrees89


	0.51






	Musculoskeletal System, Knee






	 Ottawa knee rules90


	0.77






	 Knee effusion visible90-92


	0.28-0.59






	 Knee flexion <90 degrees90


	0.74






	 Patellar tenderness90,91


	0.69-0.76






	 Head of fibula tenderness90


	0.64






	 Inability to bear weight immediately and in emergency room after knee injury90,91


	0.75-0.81






	 Bony swelling of knee93


	0.55






	 Medial joint line tenderness of knee92,93


	0.21-0.40






	 Lateral joint line tenderness of knee92,93


	0.25-0.43






	 Patellofemoral crepitus93


	0.24






	 Mediolateral instability of knee93


	0.23






	 McMurray sign92,94


	0.16-0.35






	Musculoskeletal System, Ankle






	 Inability to walk four steps immediately and in emergency room after ankle injury95,96


	0.71-0.97






	 Medial malleolar tenderness96


	0.82






	 Lateral malleolar tenderness96


	0.80






	 Navicular tenderness96


	0.91






	 Base of fifth metatarsal tenderness96


	0.94






	 Ottawa ankle rule97


	0.41






	 Ottawa midfoot rule97


	0.77






	neurologic examination






	Visual Fields






	 Visual fields by confrontation98


	0.63-0.81






	Cranial Nerves






	 Pharyngeal sensation, present or absent99


	1






	 Facial palsy, present or absent100,101


	0.57






	 Dysarthria, present or absent102


	0.61-0.77






	 Water swallow test (50 mL)103


	0.60






	 Oxygen desaturation test (for aspiration risk)103


	0.60






	 Abnormal tongue strength102


	0.55-0.63






	Motor Examination






	 Muscle strength, Medical Research Council (MRC) scale104-106


	0.69-0.93






	 Foot tapping test107


	0.73






	 Muscle atrophy108


	0.32-0.81






	 Spasticity, 6-point scale109


	0.21-0.61






	 Rigidity, 4-point scale110


	0.64






	 Asterixis15


	0.42






	Sensory Examination






	 Light touch sensation, normal, diminished, or increased108


	0.63






	 Pain sensation, normal, diminished, or increased105,108


	0.41-0.57






	 Vibratory sensation, normal or diminished108


	0.45-0.54






	Reflex Examination






	 Reflex amplitude, National Institute of Neurological Disorders and Stroke (NINDS) scale111


	0.51-0.61






	 Ankle jerk, present or absent105,112,113


	0.34-0.94






	 Asymmetrical knee jerk105


	0.42






	 Primitive reflexes, amplitude and persistence114


	0.46-1






	 Babinski response100,101,107,115,116


	0.17-0.55






	Coordination






	 Finger-to-nose test100,101


	0.55






	 Dysmetria, finger-to-nose test, rated 0 to 3117


	0.36-0.40






	Peripheral Nerves






	 Spurling test118


	0.60






	 Flick sign119


	0.90






	 Hypalgesia index finger119


	0.50






	 Tinel sign119


	0.47






	 Phalen sign119


	0.79






	 Straight leg–raising test105,120-124


	0.21-0.80






	 Crossed leg–raising test105


	0.49







∗ Interpretation of the κ-statistic: 0 to 0.2, slight agreement; 0.2 to 0.4, fair agreement; 0.4 to 0.6, moderate agreement; 0.6 to 0.8, substantial agreement; 0.8 to 1, almost perfect agreement.


Clinical disagreement occurs for many reasons—some causes clinicians can control, but others are inextricably linked to the very nature of clinical medicine and human observation in general. The most prominent reasons include the following: (1) The physical sign’s definition is vague or ambiguous. For example, experts recommend about a dozen different ways to perform auscultatory percussion of the liver, thus making the sign so nebulous that significant interobserver disagreement is guaranteed. Ambiguity also results if signs are defined with terms that are not easily measurable. For example, clinicians assessing whether a peripheral pulse is present or absent demonstrate moderate to almost perfect agreement (κ = 0.52 to 0.92; see Table 4-1), but when the same clinicians are asked to record whether the palpable pulse is normal or diminished, they have great difficulty agreeing about the sign (κ = 0.01 to 0.15) simply because they have no idea what the next clinician means by “diminished.” (2) The clinician’s technique is flawed. For example, common mistakes are using the diaphragm instead of the bell of the stethoscope to detect the third heart sound, or stating that a muscle stretch reflex is absent without first trying to elicit it using a reinforcing maneuver (e.g., Jendrassik maneuver). (3) There is biologic variation of the physical sign. Many signs, including the pericardial friction rub, pulsus alternans, cannon A waves, and Cheyne-Stokes respirations, are notoriously evanescent, tending to come and go over time. (4) The clinician is careless or inattentive. The bustle of an active practice may lead clinicians to listen to the lungs while conducting the patient interview, or to search for a subtle murmur in a noisy emergency room. Reliable observations require undistracted attention and an alert mind. (5) The clinician’s biases influence the observation. When findings are equivocal, expectations influence perceptions. For example, in a patient who just started taking blood pressure medications, borderline hypertension may become normal blood pressure; in a patient with increasing bilateral edema, borderline distended neck veins may become clearly elevated venous pressure; or in a patient with new onset of weakness, the equivocal Babinski sign may become clearly positive. Sometimes, biases actually create the finding: If the clinician holds a flashlight too long over an eye with suspected optic nerve disease, the light may temporarily bleach the retina of the eye and produce the Marcus Gunn pupil, thus confirming the original suspicion.


The lack of perfect reliability with physical diagnosis is sometimes regarded as a significant weakness, a reason that physical diagnosis is less reliable and scientific than clinical imaging and laboratory testing. Nonetheless, Table 4-2 shows that for most of our diagnostic standards—chest radiography, computed tomography, screening mammography, angiography, magnetic resonance imaging, ultrasonography, endoscopy, and pathology—interobserver agreement is also less than perfect, with κ-statistics similar to those observed with physical signs. Even with laboratory tests, which present the clinician with a single, indisputable number, interobserver disagreement is still possible and even common, simply because the clinician has to interpret the laboratory test’s significance. For example, in one study of three endocrinologists reviewing the same thyroid function tests and other clinical data of 55 consecutive outpatients with suspected thyroid disease, the endocrinologists disagreed about the final diagnosis 40% of the time.29 Computerized interpretation of test results performs no better: In a study of pairs of electrocardiograms taken only 1 minute apart from 92 patients, the computer interpretation was significantly different 40% of the time, even though the tracings showed no change.143


TABLE 4-2 Interobserver Agreement: Diagnostic Standards






	Finding (Reference)

	κ-statistic∗







	chest radiography






	 Cardiomegaly51


	0.48






	 Pulmonary infiltrate125


	0.38






	 Interstitial edema51


	0.83






	 Pulmonary vascular redistribution51


	0.50






	 Grading pulmonary fibrosis, 4-point scale126


	0.45






	contrast venography






	 Deep vein thrombosis in leg127


	0.53






	screening mammography






	 Suspicious lesion, present vs. absent128


	0.47






	digital subtraction angiography






	 Renal artery stenosis129


	0.65






	coronary arteriography






	 Classification of coronary artery lesions130


	0.33






	arthroscopy






	 Inflamed or torn tear of supraspinatus muscle131


	0.47






	computed tomography of head






	 Normal or abnormal, patient with stroke132


	0.60






	 Lesion on right or left side, patient with stroke132


	0.65






	 Mass effect, present or absent132


	0.52






	computed tomography of the chest






	 Lung cancer staging133


	0.40-0.60






	 Submassive pulmonary embolism present (angiography)134


	0.47






	magnetic resonance imaging of head






	 Compatible with multiple sclerosis135


	0.57-0.87






	magnetic resonance imaging of lumbar spine






	 Intervertebral disc extrusion, protrusion, bulge, or normal136


	0.59






	 Lumbar nerve root compression137


	0.83






	ultrasonography






	 Calf deep vein thrombosis, present or absent138


	0.69






	 Thyroid nodule, present or absent139,140


	0.57-0.66






	 Goiter is present31


	0.63






	endoscopy






	 Grade of reflux esophagitis141


	0.55






	pathologic examination of liver biopsy






	 Cholestasis142


	0.40






	 Alcoholic liver disease142


	0.49






	 Cirrhosis142


	0.59







∗ Interpretation of the κ-statistic: 0 to 0.2, slight agreement; 0.2 to 0.4, fair agreement; 0.4 to 0.6, moderate agreement; 0.6 to 0.8, substantial agreement; 0.8 to 1, almost perfect agreement.


By defining abnormal findings precisely, by studying and mastering examination technique, and by observing every detail at the bedside attentively and without bias or distraction, clinicians can minimize interobserver disagreement and make physical diagnosis more precise. It is simply impossible, however, to abstract every detail of clinicians’ observations of patients into exact physical signs, and, in this way, physical diagnosis is no different than any of the other tools used to categorize disease. So long as both the material and the observers of clinical medicine are human beings, a certain amount of subjectivity always will be with us.






Appendix: Calculation of the Kappa-Statistic


The observations of two observers who are examining the same number (N) of patients independently are customarily displayed in a 2×2 table, similar to that in Figure 4-1. Observer A finds the sign to be present in w1 patients and absent in w2 patients; observer B finds the sign to be present in y1 patients and absent in y2 patients. The two observers agree that the sign is present in a patients and absent in d patients. Therefore, the observed agreement (PO) is:





[image: image]

FIGURE 4-1 Interobserver agreement and the κ-statistic. Top half: Conventional 2×2 table displaying data for calculation of κ-statistic. Bottom half: A sample case, in which observed agreement is 80%, chance agreement is 74%, and the κ-statistic is 0.23. (See Appendix at the end of this chapter for discussion.)







[image: image]





Calculation of the κ-statistic first requires calculation of the agreement that would have occurred by chance alone. Among all the patients, observer A found the fraction w1/N to have the sign; therefore, by chance alone, among the y1 patients with the sign according to observer B, observer A would find the sign in (w1/N) times y1 or (w1y1/N) patients (i.e., this is the number of patients in which both observers agree the sign is present, by chance alone). Similarly, both observers would agree that the sign is absent by chance alone in (w2y2/N) patients. Therefore, the expected chance agreement (PE) is their sum, divided by N:





[image: image]





This equation shows that agreement by chance alone (PE) approaches 100% as both w1 and y1 approach 0 or N (i.e., both clinicians agree that a finding is rare or that it is very common).


The κ-statistic is the increment in observed agreement beyond that expected by chance (PO − PE), divided by the maximal increment that could have been observed had the observed agreement been perfect (1 − PE):





[image: image]





For example, Figure 4-1 depicts the observations of two observers in a study of 100 patients with dyspnea. Both agree that the third heart sound is present in 5 patients and absent in 75 patients; therefore, simple agreement is (5 + 75)/100 or 0.8. By chance alone, they would have agreed about the sound being present in (10 × 20)/100 patients (i.e., 2 patients) and absent in (90 × 80)/100 patients (i.e., 72 patients); therefore, chance agreement is (2 + 72)/100 patients or 0.74. The κ-statistic for this finding becomes (0.80 − 0.74)/(1 − 0.74) = (0.06)/(0.26) = 0.23.
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∗ Agreement by chance approaches 100% as the percentage of positive observations for both clinicians approaches 0% or 100% (i.e., both clinicians agree that a finding is very uncommon or very common). The Appendix at the end of this chapter shows how to calculate chance agreement.


∗ No measure of reliability is perfect, especially for findings whose prevalence clinicians agree approaches 0% or 100%. For these findings, simple agreement tends to overestimate reliability and the κ-statistic tends to underestimate reliability.









Part 3


General Appearance of the Patient










Chapter 5 Mental Status Examination






I. Introduction


Dementia is a clinical syndrome characterized by deteriorating cognition, behavior, and autonomy that affects 3% to 11% of adults older than 65 years living in the community.1 Before making the diagnosis of dementia, the clinician must exclude delirium (i.e., acute confusion; see the section on Diagnosis of Delirium).


Of the many simple and rapid bedside tests developed to diagnose dementia, the most extensively investigated ones are the clock-drawing test, Mini-Cog test, and Mini-Mental Status Examination (MMSE).









II. Clock-Drawing Test


The clock-drawing test was originally developed in the early 1900s to evaluate soldiers who had suffered head wounds to the occipital or parietal lobes, injuries that often led to difficulty composing images correctly with the appropriate number of parts of correct size and orientation (i.e., constructional apraxia).2 To depict a clock, patients must be able to follow directions, comprehend language, visualize the proper orientation of an object, and execute normal movements, all tasks that may be disturbed in dementia.






A. Technique and Scoring


There are at least a dozen different methods for performing and scoring the clock-drawing test, some with intricate grading systems that defeat the test’s simplicity.3,4 In a simple and well-investigated method,5 the clinician gives the patient a piece of paper with a preprinted circle 4 inches in diameter and asks the patient to “draw a clock.” If the patient has any questions, the clinician repeats the same instructions and gives no other guidance. The patient may take as long as he or she wants to complete the task. Figure 5-1 describes how to score the drawing.





[image: image]

FIGURE 5-1 The clock-drawing test (Wolf-Klein method). The clock-drawing test is normal if the patient has included most of the 12 numbers in the correct clockwise orientation. The patient does not need to draw the hands of the clock, and abnormal spacing of the numbers, however inappropriate, is still regarded as normal as long as the numbers are in the correct order and near the rim. Normal clock-drawing patterns, from left to right, are “normal,” “missing one number,” and “inappropriate spacing.” Abnormal clock-drawing patterns, from left to right, are “irrelevant figures,” “unusual arrangement” (i.e., vertical orientation of numbers), “counterclockwise rotation,” and “absence of numbers.”


(Adapted with permission from Wolf-Klein, Silverstone FA, Levy AP, et al. Screening for Alzheimer’s disease by clock drawing. J Am Geriatr Soc. 1989;37:730-734.)












B. Clinical Significance


In patients without other known causes of constructional apraxia (e.g., parietal lobe lesion), a positive clock-drawing test increases the probability of dementia (LR = 5.3; EBM Box 5-1). A normal clock-drawing test is a less useful result, being elicited from many patients with dementia as defined by other measures. In contrast to the MMSE, the clock-drawing test is unaffected by the patient’s level of education.6





EBM BOX 5-1 Dementia and Delirium∗
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III. Mini-Cog Test






A. Technique and Scoring


The Mini-Cog test combines a clock-drawing test with tests of recall to provide a brief screening tool suitable for primary care patients, even those who do not speak English as their native language.10 To perform the test, the clinician asks the patient to register three unrelated words (e.g., banana, sunrise, and chair) and then asks the patient to draw a clock, stating, “Draw a large circle, fill in the numbers on a clock face, and set the hands at 8:20.” The patient is allowed 3 minutes to draw the clock, and instructions may be repeated if necessary. After drawing the clock (or after 3 minutes has elapsed), the patient is asked to recall the three words. The Mini-Cog test is scored by assigning one point for each word recalled (score, 0 to 3) and two points for a “normal” clock, which should have the correct orientation and spacing of numbers and hands. An “abnormal” clock receives no points, thus creating possible total scores of 0 to 5.34









B. Clinical Significance


As displayed in EBM Box 5-1, a Mini-Cog score of 2 or less increases the probability of dementia (LR = 9.5).












IV. Mini-Mental Status Examination (MMSE)






A. Introduction


The MMSE (Table 5-1) was introduced by Folstein in 1975 as an 11-part bedside test requiring only 5 to 10 minutes to administer, a much briefer time compared with the 1 to 2 hours required by more formal tests of dementia.35


TABLE 5-1 Mini-Mental Status Examination






	Test

	Maximum Score






	orientation






	1. What is the year? Season? Date? Day? Month?∗


	5






	2. Where are we? State? County? City? Hospital? Floor?∗


	5






	registration






	3. Name three objects. Ask the patient to name the items.∗
Repeat the answers until the patient learns all three.

	3






	attention and calculation






	4. Serial sevens (ask the patient to begin with 100 and count backwards by sevens, stopping after five subtractions: 93, 86, 79, 72, 65).∗
or
Spell “world” backwards.∗


	5






	recall






	5. Ask the patient to name the three objects learned under “registration,” above.∗


	3






	language






	6. Point to a pencil and a watch, asking the patient to name both items.∗


	2






	7. Have the patient repeat “No ifs, ands, or buts.”

	1






	8. Have the patient follow a three-stage command. For example, say “Take a paper in your right hand. Fold the paper in half. Put the paper on the floor.”∗


	3






	9. Have the patient read and obey the following sentence, written in large letters: “Close your eyes.”

	1






	10. Have the patient write a sentence.†


	1






	11. Have the patient copy a picture of two intersecting pentagons.

	1






	Total

	30







∗ Give one point for each correct answer.


† The sentence should make sense and contain a subject and object to earn the one point; spelling errors are ignored.


Adapted from Anthony JC, LeResche L, Niaz U, et al. Limits of the “Mini-Mental State” as a screening test for dementia and delirium among hospital patients. Psychol Med. 1982;12:397-408; Folstein MF, Folstein SE, McHugh PR. “Mini-Mental State”: a practical method for grading the cognitive state of patients for the clinician. J Psychiatr Res. 1975;12:189-198.









B. Clinical Significance


EBM Box 5-1 illustrates that assuming there is no evidence of delirium (see section on Diagnosis of Delirium), a MMSE score of 23 or less increases the probability of dementia greatly (LR = 8.9), whereas a score of 24 to 30 decreases it (LR = 0.2). Nonetheless, because false-positive results become a concern when applying this threshold to large populations with a low incidence of dementia, such as persons living independently in the community, some experts prefer interpreting the MMSE score in three ranges (see EBM Box 5-1): A score of 20 or less rules in dementia (LR = 14.4); one of 26 or more rules out dementia (LR = 0.1); and one of 21 to 25 is regarded as less conclusive (LR = 2.1), thus prompting further investigation.


The MMSE score may be used to follow patients over time, but only changes of four points or more reliably indicate a change of cognition.36 The level of the patient’s education also affects the MMSE score, whether or not dementia is present,13,37 and some have suggested adjusting the threshold for a positive test downward slightly in more poorly educated persons.13












V. Diagnosis of Delirium (Confusion Assessment Method)


Delirium is an acute and reversible confusional state that affects up to 20% of elderly patients hospitalized with acute medical illnesses.26 Of the several screening tools available to diagnose delirium,26 one simple and well-investigated one is the Confusion Assessment Method.25






A. Scoring


The clinician looks for the following four clinical features: (1) change in mental status (compared with the patient’s baseline status) that is acute and fluctuating; (2) difficulty in focusing attention or trouble keeping track of what is being said; (3) disorganized thinking (e.g., rambling or irrelevant conversation, unpredictable switching between subjects, illogical flow of ideas); and (4) altered level of consciousness (e.g., lethargic, stuporous, or hyperalert).


A positive test requires both features 1 and 2 and either 3 or 4.









B. Clinical Significance


As illustrated in EBM Box 5-1, a positive test argues strongly for delirium (LR = 10.7) and a negative test argues against delirium (LR = 0.2). Another version of this test, adapted for use in mechanically ventilated patients who cannot talk, has similar accuracy.38,39 In any patient with delirium, positive bedside tests for dementia are inaccurate because of a high false-positive rate.
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Chapter 6 Stance and Gait






I. Introduction


Observation of gait not only uncovers important neurologic and musculoskeletal problems (e.g., Parkinson disease, hemiparesis, spinal stenosis, hip disease) but also provides clues to a patient’s emotions and overall function and can even give clues to the prognosis. For example, the speed of an elderly person’s gait accurately predicts falls, future disability, and risk of institutionalization.1-5 In patients with congestive heart failure, gait speed predicts cardiac index, future hospitalization, and mortality as well as the ejection fraction and better than the treadmill test.6,7 Even depressed patients have a characteristic gait, marked by an abnormally short stride and weak lift-off of the heel.8


The phases of the normal gait are depicted in Figure 6-1.





[image: image]

FIGURE 6-1 Normal gait. This figure illustrates the phases of normal gait, focusing on the right leg (gray). Normal gait consists of the stance phase (the period during which the leg bears weight) and swing phase (the period during which the leg advances and does not bear weight). The stance and swing make up the stride, which is the interval from the time one heel strikes the ground to when it again strikes the ground. During the normal stance phase, it is the extensor muscles that contract—the gluteus maximus muscle in early stance, the quadriceps muscle in mid stance, and the plantar flexor muscles (soleus and gastrocnemius muscles) in terminal stance pushing off the heel. The healthy swing, in contrast, requires contraction of the flexor muscles, all of which are activated early in the swing phase—hip flexors (iliopsoas muscles), knee flexors (hamstring muscles), and ankle flexors (tibialis anterior and toe extensor muscles).


(Figure adapted with permission from references 9 [The pathokinesiology service and the physical therapy department of the Rancho Los Amigos Medical Center. Observational Gait Analysis. Downey, Calif: Los Amigos Research and Education Institute, Inc.; 1993] and 10 [Perry J. Gait Analysis: Normal and Pathological Function. Thorofare, NJ: Slack, Inc.; 1992.])












II. Etiology of Gait Disorders


Among patients presenting to neurologists, the most common causes of gait disorder are stroke and Parkinson disease, followed by frontal gait disorder, myelopathy (e.g., cervical spondylosis, B12 deficiency), peripheral neuropathy, and cerebellar disease.11,12 Among patients presenting to general clinicians, most gait abnormalities are caused by arthritis, followed by orthostatic hypotension, stroke, Parkinson disease, and intermittent claudication.13









III. Types of Gait Disorders and their Significance


Disorders of gait reflect one of four possible problems: pain, immobile joints, muscle weakness, or abnormal limb control. Abnormal limb control, in turn, may result from spasticity, rigidity, diminished proprioception, cerebellar disease, or problems with cerebral control.


When analyzing a patient’s gait, the most important initial question to settle is whether the gait is symmetrical or asymmetrical. Pain, immobile joints, and muscle weakness are usually unilateral and thus cause asymmetrical abnormalities of gait. Rigidity, proprioceptive disorders, cerebellar diseases, and problems with central control all cause symmetrical abnormalities of gait. Spasticity may cause asymmetrical gait abnormalities (i.e., hemiplegia) or symmetrical ones (i.e., paraplegia).






A. Painful Gait (Antalgic Gait)


If bearing weight on a limb is painful, patients adopt an antalgic gait to minimize the pain. (Antalgic is from the Greek an and algesis, meaning “against pain.”) All antalgic gaits are characterized by a short contralateral step.






1. Short Contralateral Step


After bearing weight on the affected leg, patients with pain quickly step onto the sound leg. The short contralateral step produces an uneven cadence, one identical to that produced in anyone if a rock is in one shoe.









2. Other Characteristic Features


Depending on whether the pain is located in the foot, knee, or hip, each antalgic gait is distinctive, allowing diagnosis from a distance.






a. Foot Pain


In patients with foot pain, the foot contacts the ground abnormally. For example, patients may bear weight during stance on the heel only or forefoot only or along the lateral edge of the foot.









b. Knee Pain


Patients with knee pain display a stiff knee that does not extend or flex fully during stride.14









c. Hip Pain (Coxalgic Gait)


Patients with hip pain limit the amount of hip extension during late stance (when the normal hip extends 20 degrees). Even so, the most characteristic feature of the coxalgic gait is the so-called lateral lurch: When the patient is bearing weight on the painful limb, there is an excessive asymmetrical lateral shift of the upper body toward the weight-bearing side, causing the trunk to lean and ipsilateral arm to abduct (Fig. 6-2).15,16
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FIGURE 6-2 Comparison of coxalgic and Trendelenburg gait. In both abnormal gaits (middle and right figures), the trunk may lean over the abnormal leg during stance (arrow), but in patients with hip pain (coxalgic gait, middle figure), the trunk lean and accompanying ipsilateral arm movement (arrow) is more dramatic (lateral lurch) and the opposite pelvis does not fall excessively. In the Trendelenburg gait (from ineffective or weak hip abductors, right figure), the opposite pelvis falls excessively (arrow), and the conspicuous but opposing swings of the upper body and pelvis create the impression of a hinge between the sacral and lumbar spine. In these figures, the patient is bearing weight on the affected side, that is, right hip pain (coxalgic gait) and ineffective right hip abductors (Trendelenburg gait).




Lateral lurch reduces the pain of patients with hip disease because it minimizes the need to activate the ipsilateral hip abductor muscles. These muscles normally support the upper body during swing of the other leg, but, when activated, they can easily put 400 pounds of pressure on the femoral head, an intolerable force if there is hip disease. By leaning over the painful limb during stance, patients effectively balance their center of gravity over the painful limb and thus avoid activation of the hip abductors.















B. Immobile Joints


Most clinicians do not consider immobile joints as a cause of abnormal gait, but the condition is well known to physiatrists. A common example is plantar flexion contracture, a complication that may occur after prolonged periods of plaster immobilization or confinement to bed. Affected patients may place their weight on the forefoot during initial stance (instead of the heel), or during midstance, they may lift the heel too early or lean the trunk forward. During swing phase, the abnormally flexed foot has difficulty clearing the floor, leading the patient to drag the foot or develop an unusual movement to clear it, such as contralateral trunk lean or contralateral vaulting.9,10


The clinician can easily identify immobile joints as the cause of abnormal gait by testing the range of motion of hips, knees, and ankles of both legs.









C. Weakness of Specific Muscles


Three muscle groups, when weak, cause specific gait abnormalities: (1) the hip extensor and abductor muscles (i.e., gluteus maximus and medius/minimus muscles), (2) the knee extensors (i.e., quadriceps muscles), and (3) the foot and toe dorsiflexors (i.e., the tibialis anterior and toe extensor muscles). The gluteus maximus and quadriceps gaits were frequently observed historically as complications of poliomyelitis and diphtheria.






1. Trendelenburg Gait and Sign (Abnormal Gluteus Medius and Minimus Gaits)






a. Definition of Trendelenburg Gait (or Trendelenburg’s symptom; Friedrich Trendelenburg, 1844 to 1924)


The Trendelenburg gait occurs when the gluteus medius and minimus muscles do not function properly. These two muscles abduct the hip, an action that supports the opposite pelvis and prevents it from dropping excessively during the normal single-limb stance. During walking, a slight dip of the opposite pelvis is normal during stance phase on one limb. The finding of excessive drop of the opposite pelvis, however, is the abnormal Trendelenburg gait. When the abnormality is bilateral, the pelvis waddles like that of a duck.


Like patients with the coxalgic gait (see previous section on Hip Pain/Coxalgic Gait), patients with Trendelenburg gait may lean their trunk over the abnormal leg during stance, but the lean lacks the dramatic lurch seen in coxalgic gait, and the opposing sways of the ipsilateral shoulder and opposite pelvis make it appear as if patients with the Trendelenburg gait have a hinge between the sacral and lumbar spine (see Fig. 6-2).16,17









b. Etiology of Trendelenburg Gait


Causes of Trendelenburg gait include the following: (1) neuromuscular weakness of the hip abductors (although poliomyelitis and progressive muscular atrophy were important causes historically, this gait now occurs as a complication of hip arthroplasty using a lateral approach, which risks damage to the superior gluteal nerve or gluteus medius muscle18,19) and (2) hip disease, especially congenital dislocation of the hip and coxa vara (i.e., bent hip, a deformity in which the angle between the femoral neck and body is significantly decreased). In both of these disorders, the abnormal upward displacement of the greater trochanter shortens the fibers of the gluteus medius muscle and makes them more horizontal instead of vertical, thus abolishing their role as abductors.









c. Trendelenburg Sign


In 1895, before the use of roentgenography, Friedrich Trendelenburg was the first to show that the waddling gait of patients with congenital dislocation of the hip was due to weak abductor function, not the upward movement of the femur during stance (which was what his contemporaries believed). He successfully argued this by inventing a simple test, now known as Trendelenburg sign. In this test, the patient is asked to stand on one leg with the other hip flexed to 90 degrees. (The clinician may help the patient balance by supporting the ipsilateral arm to align the ipsilateral shoulder over the hip being tested.20) In patients with normal abductor strength, the contralateral buttock rises, but if the abductor muscles are weak, the contralateral buttock falls. (The buttock falls until the ipsilateral femur and pelvis come into contact.)


It is important to remember that the side being tested is the one bearing the weight. Some deformities of the leg, such as severe genu varum, may cause a false-positive result.21









d. Clinical Significance


In one study of patients clinically diagnosed with “trochanteric bursitis” (i.e., lateral hip pain and maximal tenderness over the greater trochanter),22 the finding of both Trendelenburg sign and gait on the symptomatic side accurately foretold the magnetic resonance imaging (MRI) finding of a tear in the gluteus medius tendon (sensitivity = 73%, specificity = 77%, positive LR = 3.2, negative LR not significant). This sign was superior to directly testing gluteus medius strength (by resisting the patient’s active hip abduction or internal rotation, LRs not significant). The results of this study suggest that some patients with “trochanteric bursitis” actually have tendinitis or tears of the gluteus medius tendon, a discovery analogous to the historic realization that many patients with “subacromial bursitis” (in the shoulder) actually have disorders of the rotator cuff tendons.












2. Gluteus Maximus Gait


If the hip extensors are weak, the patient develops a characteristic abnormal backward trunk lean during early stance, which places the patient’s center of gravity behind the hip joint line and removes the need for the gluteus maximus muscle to contract (Fig. 6-3).
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FIGURE 6-3 Characteristic gaits of weak muscles. In each figure, the shading indicates the limb with the weak muscle, and the black arrows indicate the diagnostic movements. Because both the gluteus maximus and quadriceps muscles are extensor muscles, abnormalities of these muscles produce characteristic findings during the stance phase. Because the foot dorsiflexors (i.e., the weak muscles causing footdrop) are flexor muscles, abnormalities produce characteristic findings during the swing phase. In the weak gluteus maximus gait (top row), there is an abnormal backward lean during stance. In the weak quadriceps gait (middle rows), patients may hyperextend their knee during stance (i.e., genu recurvatum, second row) or place their ipsilateral arm on the leg to prevent the knee from buckling (third row). In the footdrop gait (bottom row), the actual foot weakness is conspicuous (bottom arrows), and there is excessive flexion of the hip and knee during the swing phase (upper curved arrows) and a slapping sound of the foot when it strikes the ground. See text.











3. Weak Quadriceps Gait


If the knee extensors are weak, two different abnormalities of gait may appear. Some patients develop a characteristic hyperextension of the knee during stance (see Fig. 6-3). This at first seems paradoxic because the normal action of the quadriceps muscle is knee extension, which should therefore be weak in these patients. However, the main role of the quadriceps muscle during gait is to support the flexed knee during stance, and patients with a weak quadriceps muscle avoid bearing weight on a flexed knee by hyperextending the joint (i.e., genu recurvatum). They can fully extend the knee because the hip flexes strongly during swing and then decelerates abruptly, which whips the tibia forward.10 Alternatively, other patients with a weak quadriceps muscle may place the hand just above the knee to support the weak leg and prevent the knee from buckling during stance (see Fig. 6-3).


Most patients with weak quadriceps muscles have great difficulty walking on uneven ground.









4. Footdrop (Weak Tibialis Anterior and Toe Extensor Muscles)


There are two characteristic features: (1) foot slap, which is the uncontrolled slap of the forefoot immediately after the heel makes contact, thus producing (in patients with unilateral footdrop) a characteristic cadence of two sounds alternating with a single sound (i.e., stance of abnormal foot alternating with that of normal foot): “dada…da….dada…da”; and (2) steppage gait, which occurs during the forward swinging phase of the affected foot, when the patient flexes the hip and knee excessively to clear the foot from the ground, thus creating the appearance of the abnormal foot “stepping over” an invisible object (see Fig. 6-3).9












D. Spasticity


Spasticity is a feature of weakness of the upper motor neuron type (see Chapter 59). Characteristic gaits are the hemiplegic gait and diplegic (paraplegic) gait.






1. Hemiplegic Gait


This gait is the result of poor control of the flexor muscles during swing phase and spasticity of the extensor muscles acting to lengthen the affected leg (compared with the healthy side). The ankle is abnormally flexed downward and inward (equinovarus deformity), and initial contact during stance is abnormal, along the lateral edge of the foot or forefoot. The knee is stiff, hyperextends during stance, and does not flex normally during swing. The contralateral step often advances just to meet the position of the paralyzed limb instead of advancing normally beyond it.


Because the paralyzed leg is hyperextended, and therefore longer than the sound leg, the patient may drag the toe of the affected leg during swing or adopt abnormal movements to clear that limb during the swing phase. These movements include contralateral trunk lean, which raises the ipsilateral pelvis to clear the paralyzed leg, and circumduction, which describes the toe tracing a semicircle on the floor, first moving outward and then inward as it advances, instead of the normal straight forward movement (Fig. 6-4).
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FIGURE 6-4 Hemiplegic gait. In a patient with right hemiparesis, the paretic arm is flexed and paretic leg is hyperextended. To clear the extended right leg from the floor, the patient leans over the healthy left leg and slowly advances the stiffened, paralyzed right leg with a circumducting movement (arrow).




According to classic teachings, the clinician should suspect mild hemiplegia if a patient swings his or her arms asymmetrically while walking, although this finding appears in 11% to 70% of normal persons23,24 and the sign did not accurately detect focal cerebral disease in one study (sensitivity 22%, specificity 89%, positive and negative LRs not significant).23









2. Diplegic Gait


Diplegic gait affects patients with spinal cord disease (e.g., spinal cord trauma, cervical spondylosis, B12 deficiency). The combinations of spasticity and abnormal proprioception cause a characteristic slow, laborious, and stiff-legged gait. In some spastic diplegias of childhood, adductor spasm causes the feet to cross in front of each other (scissors gait).












E. Rigidity


Chapter 59 describes the characteristic features of rigidity and distinguishes it from spasticity. The most common gait abnormality due to rigidity is the parkinsonian gait.






1. Parkinsonian Gait (Fig. 6-5)


The characteristic features are (1) flexed posture of the arms, hips, trunk, and neck; (2) rigidity of movement (en bloc turning, difficulty initiating gait); (3) steps that are flat-footed, small, shuffling, and with a narrow base; (4) diminished arm swing (normal arm excursion, measured at the wrist, averages 16 inches; the average value for patients with Parkinson disease is 5 inches); (5) involuntary hastening of gait (festination); and (6) poor postural control (retropulsion).
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FIGURE 6-5 Parkinsonian gait. The characteristic features are flexed posture (trunk, neck, and arms), diminished arm swing, narrow-based gait, and shuffling steps.











2. Differential Diagnosis


Patients with spinal stenosis superficially resemble those with Parkinson disease in that they have a flexed stance (simian stance), which reduces the tension on the lumbosacral nerves.25 Patients with spinal stenosis, however, complain of pain and otherwise have a normal gait.


The distinguishing features of the frontal gait disorder, which also may superficially resemble the parkinsonian gait, are discussed later in the section on Frontal Gait Disorder.









3. Clinical Significance


Patients presenting with parkinsonism (i.e., combinations of rigidity, bradykinesia, and tremor) have either Parkinson disease (a disorder from pathologic depigmentation of the substantia nigra that responds to levodopa) or a group of mimicking disorders called Parkinson-plus syndromes (disorders with distinct pathologic findings that respond less well to levodopa; e.g., progressive supranuclear palsy and multiple system atrophy; see Chapter 64).


The gait of patients with Parkinson disease has a narrower base than the gait of patients with the Parkinson-plus syndromes, suggesting that the latter group (Parkinson-plus patients) may have greater instability during tandem gait. In clinical studies, the inability of a patient with parkinsonism to walk 10 tandem steps decreases the probability of Parkinson disease (LR = 0.1, EBM Box 6-1) and increases the probability of a mimicking Parkinson-plus syndrome (see Chapter 64).





EBM BOX 6-1 Gait Abnormalities in Patients with Parkinsonism or Dementia∗
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F. Ataxia


The characteristic features of the ataxic gait are its wide base and the irregular, uneven, and sometimes staggering steps. (The normal base, measured when one limb swings past the other at mid-stance, is 2 to 4 inches.) There are two types of ataxia, sensory and cerebellar.






1. Sensory Ataxia


Sensory ataxia affects patients with significant proprioceptive loss (see Chapter 60). Characteristically, the patient looks down and walks as if throwing the feet, which tend to slap on the ground. Smooth, familiar routes cause less trouble than uneven, rough ones.









2. Cerebellar Ataxia


Affected patients place their feet too far apart or too close together irregularly, swaying, staggering, and reeling in all directions as if intoxicated by alcohol. In contrast to sensory ataxia, patients with cerebellar ataxia have other cerebellar signs, including dysmetria, hypotonia, intention tremor, dysarthria, and nystagmus (see Chapter 63).









3. Romberg Sign






a. Introduction


In his famous textbook, written between 1840 and 1846, Moritz Romberg described the sign now bearing his name, as a finding in patients with severe sensory ataxia from syphilitic damage to the dorsal columns of the spinal cord (tabes dorsalis). According to Romberg, when a patient with tabes dorsalis stands and closes the eyes, “He immediately begins to moves from side to side, and the oscillations soon attain such a pitch that unless supported, he falls to the ground.”28 Most authors claim that Romberg sign is negative in patients with cerebellar ataxia, although Romberg did not make this claim. (Cerebellar disease was not defined during his time; Duchenne and Babinski later added this diagnostic point.29)









b. Definition of Positive Romberg Sign


One problem with Romberg sign is that various authors define the positive test differently: Some state that it is the increased swaying that occurs when the eyes close, while others require the patient to be on the verge of falling down.28 Increased swaying alone seems inadequate, because most normal persons sway more when they close their eyes, as do patients with vestibular, cerebellar, and Parkinson disease.30


The best definition of a positive Romberg sign is inability to stand for 60 seconds with the feet together and the eyes closed. In one study, every healthy person and over half of the patients with cerebellar ataxia could maintain this position for 60 seconds, whereas half of the patients with sensory ataxia lasted only 10 seconds before beginning to topple over.31


A related sign, the sharpened Romberg sign,32 in which patients must stand with one foot in front of the other with the eyes closed, has little proven diagnostic value. Many normal persons, especially elderly ones, are unable to stand like this for very long.31















G. Frontal Gait Disorder






1. Definition


Frontal gait disorder is an imprecise term describing a combination of findings seen in patients with cerebral tumors, subdural hematomas, dementing illness, normal pressure hydrocephalus, and multiple lacunar infarcts.33,34 The characteristic findings are (1) slow, shuffling, wide-based gait (marche a petit pas); (2) hesitation in starting to walk (ignition failure); (3) difficulty picking feet off the floor (magnetic foot response); and (4) poor postural control. Motor function of the legs is sometimes much better when these patients are seated or lying, suggesting an element of gait apraxia.


Some of these findings resemble parkinsonism, but the distinguishing features of the frontal gait disorder are its wide base, normal arm swing, absence of other parkinsonian features, more upright posture, and higher incidence of dementia and urinary incontinence.









2. Clinical Significance


In studies of elderly patients undergoing computed tomography (CT) of the head because of neurologic symptoms, the finding of a frontal gait disorder correlates strongly with the CT finding of ventricular enlargement.12,35,36 Only a minority of these patients, however, met the criteria for normal pressure hydrocephalus, suggesting that the findings of ventricular enlargement and gait disturbance are general ones occurring in many different forebrain disorders.12,35


Analysis of gait assists the diagnosis of patients with dementia. The presence of a gait disturbance makes Alzheimer disease less likely (especially if it appears early in the patient’s course; LR = 0.2, EBM Box 6-1); a parkinsonian gait in patients with dementia increases the probability of Lewy body dementia or Parkinson disease with dementia (LR = 8.8), and a frontal gait increases probability of vascular dementia (LR = 6.1).















IV. Evaluation of Gait Disorders


The methods of evaluating gait range from very simple tests that require minutes to complete (e.g., assessing the fall risk in elderly patients) to comprehensive observational gait analysis, which physiatrists use to break down complicated gait abnormalities into smaller components to direct treatment.10 Most clinicians adopt an intermediate approach and ask the patient first to walk back and forth several strides at a time, and then again on the toes and heels and using tandem steps, all maneuvers that may bring out weak muscles or difficulties with balance.


Testing gait is essential, whatever the method, because patients often appear normal during conventional tests of motor, sensory, musculoskeletal, and visual function, yet, when asked to stand and walk, demonstrate abnormal balance and gait.37






A. Observational Gait Analysis9,10



Using this method, the clinician focuses on one limb at a time as the patient walks, first observing the ankle, then the knee, hip, pelvis, and trunk. At each joint, the clinician considers each of the four fundamental ingredients of abnormal gait: pain, immobile joints, muscle weakness, and abnormal limb control.


As an example, the differential diagnosis of “abnormal ipsilateral trunk lean during stance” includes ipsilateral hip pain, ipsilateral short limb (>1.5 inches shorter), or intentional attempts to clear the contralateral limb during swing (e.g., drop foot or extended limb). “Dragging of the foot or toe during swing” may occur because of weak ipsilateral ankle dorsiflexor muscles, ipsilateral plantar flexion contractures, inadequate ipsilateral hip or knee flexion, or impaired proprioception.


An excellent manual of observational gait analysis has been published.9









B. Predicting Falls


Thirty percent of persons over the age of 65 living in the community fall each year.4 Of the many brief tests designed to identify patients at higher risk for falls, the best studied are “stops walking when talking,” “timed up-and-go,” and “timed chair stands.” In studies of these tests, the history of a prior fall during the previous year predicts another fall in the next 6 to 12 months, with a sensitivity of 20% to 62%, specificity of 71% to 93%, and positive LR of 2.4.4,38,39






1. Findings






a. Stops Walking When Talking


The premise behind this test is that elderly patients at risk for falls have difficulty completing separate tasks simultaneously. To perform the test, the patient is accompanied while walking and then observed to see what happens when the examiner initiates conversation. If the patient stops walking when talking, the test is positive.









b. Timed Up-and-Go Test3



The clinician measures the time it takes the patient to rise from a standard chair, walk to a line on the floor 3 meters away, turn, return, and sit down again. The patient is instructed to walk at normal speed and is allowed one trial before timing. The timing starts when the patient’s back comes off the chair and ends when the buttocks touch the seat of the chair.









c. Timed Chair Stands


The clinician times how long it requires for the patient to get up from a chair and sit down 3 times in a row.40












2. Clinical Significance


According to the LRs presented in EBM Box 6-2, the findings that are most compelling in suggesting an increased risk of falls are failure to stand with the feet together and the eyes open for 10 seconds (LR = 4.5), a positive “stops walking when talking” test (LR = 3.0), a positive palmomental reflex (LR = 2.8, see Chapter 61), and a timed up-and-go test of 35 seconds or more (LR = 2.6). The clinician’s overall global assessment that the patient is a high fall risk is also accurate (LR = 2.8). A timed up-and-go test result of less than 15 seconds identifies patients who are at lower risk of falls (LR = 0.1).





EBM BOX 6-2 Predicting Falls∗
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V. Canes


Physical examination of gait is incomplete without considering the length of the patient’s cane and which arm the patient uses to hold the cane.






A. Length of Cane


Twenty-three percent to 42% of the time, the patient’s cane is too long or too short by 5 cm or more.44,45 An appropriately fitted cane should extend the distance from the distal wrist crease to the ground when the patient is wearing everyday shoes and dangling the arms at the side.46









B. Contralateral Versus Ipsilateral Use of Cane


Patients with hip and knee arthritis are conventionally taught to hold the cane in the contralateral hand, although compelling evidence for contralateral cane use exists only for patients with hip arthritis.47,48 By placing just 20, 33, or 38 pounds of pressure on a cane contralateral to a diseased hip when standing on that hip, the patient can reduce the pressure on the diseased femoral head by 165, 272, or 319 pounds, respectively.47
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Chapter 7 Jaundice






I. Introduction


Jaundice is an abnormal yellowish discoloration of the skin and mucous membranes caused by accumulation of bile pigment. There are three forms: (1) hemolytic jaundice (due to increased bilirubin production from excessive breakdown of red cells), (2) hepatocellular jaundice (due to disease of the liver parenchyma, e.g., alcoholic liver disease, drug-induced liver disease, viral hepatitis, or metastatic carcinoma), and (3) obstructive jaundice (due to mechanical obstruction of the biliary ducts outside the liver, e.g., choledocholithiasis or pancreatic carcinoma). In most published series of jaundiced patients, hemolysis is uncommon, and the usual task of the clinician at the bedside is to differentiate hepatocellular disease from obstructed biliary ducts.1,2









II. Findings






A. Jaundice


Jaundice is usually first noted in the eyes, but the traditional term for this finding (scleral icterus) is actually a misnomer because pathologic studies reveal most of the pigment to be deposited in the conjunctiva, not the avascular sclera.3 As jaundice progresses and the serum bilirubin increases, the face, mucous membranes, and eventually the entire skin acquire a yellow or orange hue.


Prominent yellowish subconjunctival fat may be mistaken for conjunctival jaundice, but fat usually is limited to the conjunctival folds and, unlike jaundice, spares the area near the cornea. Patients with carotenemia (from excess carrot or multivitamin ingestion) also develop a yellowish discoloration of the skin, especially the palms, soles, and nasolabial fold, but, in contrast to jaundice, the conjunctiva are spared.4









B. Associated Findings


According to classic teachings, several findings distinguish hepatocellular disease from obstructed biliary ducts.






1. Hepatocellular Jaundice


Characteristic findings are spider telangiectasias, palmar erythema, gynecomastia, dilated abdominal wall veins, splenomegaly, asterixis, and fetor hepaticus.






a. Spider Telangiectasias (Spider Angiomas)


Spider telangiectasias are dilated cutaneous blood vessels with three components: (1) a central arteriole (the “body” of the spider) that when compressed slightly with a glass slide, can be seen to pulsate; (2) multiple radiating “legs”; and (3) surrounding erythema, which may encompass the entire lesion or only its central portion.5 After blanching, the returning blood fills the central arteriole first before traveling to the peripheral tips of each leg. Spiders are most numerous on the face and neck, followed by the shoulders, thorax, arms, and hands. They are rare on the palms and scalp and below the umbilicus.5 This peculiar distribution may reflect the neurohormonal properties of the microcirculation because it is similar to the distribution of blushing where it is most intense.5


Acquired vascular spiders are associated with three clinical conditions: liver disease, pregnancy, and malnutrition.6 In patients with liver disease, the spiders advance and regress with disease severity,7 and their appearance correlates somewhat with an abnormally increased ratio of serum estradiol to testosterone levels.8 In pregnant women, spiders typically appear between the second and fifth months and usually disappear within days after delivery.6 Vascular spiders also have been described in normal persons, but these lesions, in contrast to those of liver disease, are always few in number (average, three) and size.5


Vascular spiders were first described by the English physician Erasmus Wilson in 1867.5









b. Palmar Erythema


Palmar erythema is a symmetrical reddening of the surfaces of the palms, most pronounced over the hypothenar and thenar eminences.6 Palmar erythema occurs in the same clinical conditions as vascular spiders, and the two lesions tend to come and go together.6









c. Gynecomastia and Diminished Body Hair


Many patients with liver disease have gynecomastia (defined as a palpable, discrete button of firm subareolar breast tissue ≥2 cm in diameter) and diminished pubic and body hair; both findings are attributed to increased circulating estrogen-to-testosterone levels.









d. Dilated Abdominal Veins


In some patients with cirrhosis, elevated portal venous pressures lead to the development of collateral vessels from the portal venous to systemic venous systems. One group of such vessels surrounds the umbilicus, decompressing the left portal vein via the paraumbilical vessels into abdominal wall veins.9 Sometimes these abdominal wall veins become so conspicuous that they resemble a cluster of serpents, thus earning the name caput medusae.10 Collateral vessels may generate a continuous humming murmur heard during auscultation between the xiphoid and umbilicus.11


Collateral abdominal vessels also may appear in patients with superior vena cava syndrome (if the obstruction also involves the azygous system)12 or inferior vena cava syndrome.13 In these disorders, however, the vessels tend to appear on the lateral abdominal wall. A traditional test to distinguish inferior vena cava obstruction from portal hypertension is to strip abdominal wall veins below the umbilicus and see which way blood is flowing. (In portosystemic collaterals, blood should flow away from the umbilicus, whereas in inferior vena cava collaterals, flow is reversed and toward the head.) Even so, this test is unreliable because most dilated abdominal vessels lack competent valves, and the clinician can “demonstrate” that blood flows in either direction in most patients with both conditions.









e. Palpable Spleen


One of the principal causes of splenomegaly is portal hypertension from severe hepatocellular disease.14 Therefore, a traditional teaching is that the finding of splenomegaly in a jaundiced patient increases the probability of hepatocellular disease.









f. Asterixis


Originally described by Adams and Foley in 1949,15,16 asterixis is one of the earliest findings of hepatic encephalopathy and is thus a finding typical of hepatocellular jaundice. To elicit the sign, the patient holds both arms outstretched with fingers spread apart. After a short latent period, both fingers and hands commence to “flap,” with abrupt movements occurring at irregular intervals of a fraction of a second to seconds (thus earning the name liver flap). The fundamental problem in asterixis is the inability to maintain a fixed posture (the word asterixis comes from the Greek sterigma, meaning “to support”), and, consequently, asterixis can also be demonstrated by having the patient elevate the leg and dorsiflex the foot, close the eyelids forcibly, or protrude the tongue.15 Because some voluntary contraction of the muscles is necessary to elicit asterixis, the sign disappears once coma ensues (although some comatose patients exhibit the finding during the grasp reflex; see Chapter 61).15
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talking24-5

Timed up-and-go test®®

<15 sec 4 67 0.1 —
15-35 sec 60 o Ns -
235 sec 36 86 26 —
Timed chair stands (get up 32 79 L5 NS
and sit down 3 times)
>10 sec®

*Diagnostic standard: For falls, 21 fall during 6-month follow-up?®#14% or 12-month
follows-up.+¥40:1
Definition of findings: For palmomental refle;, sce Chapter 61 for all other tests, sce fext.
“Likelihood ratio (LR) i finding present = positive LR; LR if finding absent = negative LR.
NS, not significant.
CEE bt e il Liber
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Likelihood Ratio*
if Finding Is

Finding Sensitivity  Specificity
(Reference)’ %) (%) Present  Absent
Detecting Parkinson Disease in Patients with Parkinsonism
Unable to perform s 18 0.1 5.0
10 perfect tandem
steps®

Detecting Type of Dementia®
Any gait or balance 16
disorder (moderate
or worse), detecting
Alzheimer
dementia??
Parkinsonian gai, 78 91 8.8 0.2
detecting Lewy
body dementia or
Parkinson disease
with dementia??
Frontal gait, derect- 56 o1 6.1 05
ing vascular
dementia??

0.2 3.4

©

“Diagnostic standard: For Parkinson-pls disorder, the conventional diagnostic criteria for
maltiple system atrophy, progressive supranuclear palsy, Lewy body dementia, corticobasal
degeneration, or vascular dementia?®; or Alsheimer dementia, conventional diagnostic
criteria.

#Defnition of findings: For 1unable to perform tandem i, the patient was instructed to take
10 consecutive tandem steps along a straight line without walking aids and support, with
eyes open, and the clinician obscrved 1 side step or more during testing. 5

Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR.

$All patients have dementia.
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Probabilty
Decrease Increase
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LRs 01 02 05 1 2 5 10 LRs
i AR
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Hockaring score, 0-1 [ Heckerting sor, -5
Egophony.
Cachexia

Bronchial breath sounds
Percussion dullness
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