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NOTICE
Medicine is an ever-changing science. As new research and clinical experience broaden
our knowledge, changes in treatment and drug therapy are required. The authors and
the publisher of this work have checked with sources believed to be reliable in their ef-
forts to provide information that is complete and generally in accord with the standards
accepted at the time of publication. However, in view of the possibility of human error
or changes in medical sci , neither the authors nor the publisher nor any other
party who has been involved in the preparation or publication of this work warrants
that the information contained herein is in every respect accurate or complete, and they
disclaim all responsibility for any errors or omissions or for the results obtained from
use of the information contained in this work. Readers are encouraged to confirm the
information contained herein with other sources. For example and in particular, read-
ers are advised to check the product information sheet included in the package of each
drug they plan to administer to be certain that the information contained in this work is
accurate and that changes have not been made in the recommended dose or in the con-
traindications for administration. This recommendation is of particular importance in
connection with new or infrequently used drugs.

This book is printed on acid-free paper.
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PREFACE

Preface

ne of the joys of medicine is learning how to think through challenging clinical

problems. Our book is aimed at those who want to become better diagnosticians

as well as those who simply enjoy working through a diagnostic problem to even-
tually arrive at the answer. These challenges include generating an appropriate initial list
of differential diagnoses based on a patient’s presenting signs and symptoms; modifying
this initial list to reflect the information gleaned from the history, physical examination,
and standard laboratory tests; identifying appropriate additional tests or historical infor-
mation needed to reach the diagnosis; and determining when the information obtained is
sufficient to make a provisional or a final diagnosis and to justify beginning therapy.

Students and resident physicians have traditionally acquired these skills by working
alongside and under the supervision of experienced clinicians, who provide guidance as
a patient’s presenting symptoms and signs are addressed. When patients remained in the
hospital for long periods, students and residents had the opportunity to follow them from
presentation through diagnosis and beyond. As a result of dramatic changes in health care
delivery and medical education — with patients being discharged more quickly and with
students and residents having mandatory days off — there are fewer opportunities for stu-
dents and residents to engage in the full process of problem-solving that eventually yields
the correct diagnosis.

Yet students and residents need as much as ever to understand how seasoned and expert
clinicians confront clinical problems. For example, we have observed that skilled clini-
cians often keep two lists of potential diagnoses active in their mind as they consider a
patient’s problems. The first list contains, usually in rank order, the most likely diagnoses
that can account for the patient’s complaint. This list is initially generated from the his-
tory of the present illness, the past medical and social history, the physical examination,
and the initial data obtained. As new data are obtained, the rank order is modified. Some
who have just begun their clinical training may, unfortunately, not go beyond this point.
Knowledgeable clinicians, on the other hand, realize that considering only the most likely
disorders may lead to missed diagnoses and ultimately to patient harm. For this reason,
master clinicians compile a second list that contains those diagnoses — however unlikely
— that could cause the patient to die or to decompensate quickly. Although usually not all
of the diagnoses on this additional list are pursued by advanced diagnostic testing, the
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clinician searches carefully for any clues in the history, physical examination, or initial
diagnostic evaluation that require further pursuit.

Our book is divided into two sections. In the first, we provide an overview of the decision
science underlying the art of clinical decision-making. “Quantitative Medical Decision-
Making,” provides a quantitative approach to making clinical decisions, including an
overview of Bayesian decision-making, thresholds for taking action (diagnostic and thera-
peutic), and test characteristics such as sensitivity, specificity, and likelihood ratios. Com-
plementing the quantitative approach to solving clinical problems, the next chapter,
“Clinical Decision-Making: Understanding How Clinicians Make a Diagnosis,” provides
the reader with an overview of important concepts in cognitive psychology that to a large
extent explain how clinicians make diagnoses. Various types of heuristics (or “mental
shortcuts”) and biases are defined, discussed, and illustrated with examples.

Clinicians learn best from patients. Thus, the rest of the book is devoted to clinical
examples. The remaining chapters describe real cases previously peer-reviewed and pub-
lished in the “Clinical Problem-Solving” series of the New England Journal of Medicine. Con-
sistent with the format of the series, information about an actual patient is presented in
small increments (shown in boldface type) to an experienced clinician (or clinicians), who
responds to the information by sharing his or her reasoning with the learner (shown in
regular type). A commentary following each case includes a discussion of the clinical
issues raised in the case, and for many cases also reviews the decision-making process or
processes employed, drawing on many of the concepts described in the first two chapters.
Clinically relevant figures (such as chest radiographs, computed tomographic scans, and
microscopical images) are incorporated into each of these chapters in order to make the
case as real as possible.

Teachers may use the cases in this book as educational exercises (for example, for dis-
cussion on rounds). In such a situation, we suggest using the case material without the
expert commentary. We suspect that not only physicians and physicians-in-training will
find this book useful; those in other fields — such as nurse practitioners and physician
assistants —will also find the information invaluable for learning several of the nuances of
problem-solving. Finally, reviewing the cases in this book may be useful for persons pre-
paring for national board-type examinations, given the emphasis such tests place on
clinical vignettes and problem-solving ability.



PREFACE

We hope this book captures some of the enjoyment of real-life patient care. Our explicit
goal is to help you become a better problem solver. The ability to logically work through
and solve clinical problems is one of the most important and exciting aspects of being a
physician.

SaNnjay SaiNt, M.D., M.P.H.
Associate Professor, Internal Medicine
Ann Arbor VA Medical Center
University of Michigan Medical School

JererEY M. Drazen, M.D.

Editor-in-Chief

The New England Journal of Medicine

Distinguished Parker B. Francis Professor of Medicine
Harvard Medical School

CAREN G. SoLoMoN, M.D., M.P.H.
Deputy Editor

The New England Journal of Medicine
Assistant Professor of Medicine
Harvard Medical School

X111



QUANTITATIVE MEDICAL DECISION-MAKING

STEPHEN BENT, M.D.

OVERVIEW

Quantitative medical decision-making provides both a visual and a mathematical model
that examines each step of a medical decision. Although the process is quantitative, the
main goal of the technique (for individual clinicians) is to improve their understanding
of clinical reasoning. Quantitative medical decision-making is the mathematics behind
the practice of evidence-based medicine, which is the process of identifying, evaluating,
and applying the highest-quality medical evidence. This chapter discusses the applica-
tion of medical evidence to three specific decisions:

1) Does this patient have a given disease? (applying a diagnostic test);
2) Should I treat this patient? (treatment thresholds); and

3) Should I order another test? (testing thresholds).

Deciding Whether a Particular Patient Has a Given Disease

When a patient presents with a new symptom or complaint, the clinician seeks to deter-
mine the correct diagnosis, which will guide treatment. The first step is to generate a
differential diagnosis and to use clinical information (e.g., history, physical examination,
laboratory tests, and radiographic studies) to estimate the probability of the disease for
each item on the differential diagnosis. Each piece of clinical information (such as an
answer to a question during the taking of the medical history) can be thought of as a diag-
nostic test that changes the probability that a patient has a given disorder. Therefore, the
gathering of clinical information is a process of refining probability by using the follow-
ing model:

What we thought before + Clinical information - What we think afterwards
Pretest probability + Diagnostic test - Post-test probability
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The sensitivity is the proportion of patients with a disease who have a positive test for
that disease, calculated by the formula a/(a+c). The specificity is the proportion of patients
without a disease who have a negative test for that disease, calculated by the formula
d/(b+d). The positive predictive value is the proportion of patients with a positive test who
have the disease, calculated by the formula a/(a+b). The negative predictive value is the
proportion of patients with a negative test who do not have the disease, calculated by the
formula d/(c+d). This information tells us more about the test (sénsitivity and specificity)
or the population of patients tested (positive and negative predictive values) than about a
particular clinical scenario.

Likelihood ratios allow the test results to be applied to a specific patient with a specific
pretest probability of 2 disease. A likelihood ratio (LR) is calculated as one likelihood
divided by another. LR+ denotes a positive likelihood ratio, and LR~ a negative likelihood
ratio.

likelihood of a positive test in a patient with a disease af(a+c) sensitivity
4+m = =

likelihood of a positive test in a patient without the disease - b/(b+d) _(l—speciﬁcity)

As the likelihood of a positive test in a patient with a disease increases and the like-
lihood of a positive test in a patient without the disease decreases, the positive likelihood
ratio increases and becomes a more powerful test for ruling in the disease. A positive like-
lihood ratio greater than 1 increases the probability of the disease in a patient with a posi-
tive test. The larger the positive likelihood ratio, the more that a positive test result will
increase the post-test probability of the disease.

likelihood of a negative test in a patient with a disease c/(a+c) (l-sensitivity)

LR- = =
likelihood of a negative test in a patient without the disease d/(b+d)  specificity

As the likelihood of a negative testin a patient with a disease decreases and the likelihood
of a negative test in a patient without the disease increases, the negative likelihood ratio gets
smaller and becomes more powerful for ruling out the disease. A negative likelihood ratio
less than 1 decreases the probability of the disease in a patient with a negative test. The
smaller the negative likelihood ratio, the more that 2 negative test result will decrease the
post-test probability of the disease. Likelihood ratios range from 0 to infinity.

In most cases, positive likelihood ratios are greater than 1 and negative likelihood
ratios are less than 1. However, there are certain clinical scenarios in which the finding of
a positive likelihood ratio actually decreases the probability of a disease. For example, in a
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aoman who presents with dysuria, an accompanying history of vaginal discharge has a
sositive likelihood ratio of 0.3, which decreases the probability of urinary tract infection.
:atuitively, this makes sense, since the presence of vaginal discharge increases the likeli-
=ood of the other diagnoses on the list (yeast infection, bacterial vaginosis, and sexually
-ransmitted disease) and therefore decreases the likelihood of urinary tract infection.
However, it is sometimes difficult to remember that a positive likelihood ratio (and the
oresence of a positive finding) can decrease the probability of a disease.
Some rules about likelihood ratios can help guide their application in practice®:

A relatively high likelihood ratio (5 to 10) will significantly increase the probability
of a disease, given a positive test.

A relatively low likelihood ratio (0.1 to 0.5) will significantly decrease the probability
of a disease, given a negative test.

Likelihood ratios of 2, 5, and 10 are associated with an increase in the probability of
disease in the presence of a positive test, as follows:

LR+ = 2 increases the probability of the disease by ~15 percent
LR+ = 5 increases the probability of the disease by ~30 percent
LR+ = 10 increases the probability of the disease by ~45 percent

Likelihood ratios 0of 0.5, 0.2, and 0.1 are associated with a decrease in the probability
of a disease in the presence of a negative test, as follows:

LR~ = 0.5 decreases the probability of the disease by ~15 percent
LR- = 0.2 decreases the probability of the disease by ~30 percent
LR- = 0.1 decreases the probability of the disease by ~45 percent

Returning to the example of the woman with dysuria, we can use the systematic review?
described above to find the positive and negative likelihood ratios for relevant aspects of
the history and physical examination. For example, if the patient with dysuria also reports
frequent urination, the positive likelihood ratio for this “diagnostic test” is 1.8. Since 1.8
is close to 2.0, and we know from the approximations above thata positive likelihood ratio
of 2.0 increases the post-test probability of urinary tract infection by about 15 percent,
then this additional symptom (frequent urination) increases the probability of urinary
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Estimate pretest Convert to post-test
probability probability

Convert to pretest odds — Multiply by the likelihood ratio —b Post-test odds

Figure 2. Algorithm for Converting Pretest to Post-Test Probabilitles.

tract infection from a pretest value of 50 percent to a post-test value of 65 percent. If a urine
dipstick test was performed and was positive (defined as a positive result for either leuko-
cyte esterase or nitrate), the positive likelihood ratio for this result would be 4.2. We can
estimate the change in probability by noting that a positive likelihood ratio of 4.2 is close
to 5.0, which would increase the probability of the disease by about 30 percent. Therefore,
a positive dipstick test would increase the post-test probability of the disease from 50 per-
cent to 80 percent. These approximations suffice for most bedside decisions, but there are
more precise ways to calculate the change in probability that occurs during the application
of a diagnostic test, as shown in the following section.

Step 3: Generate precise post-test probabilities
It would be simple if we could just multiply the pretest probability by the likelihood ratio
to generate a post-test probability. Unfortunately, because of the underlying mathematics,
probabilities cannot be multiplied by likelihood ratios to generate post-test probabilities;
they must first be converted to odds. The general format for converting pretest probabili-
ties to post-test probabilities is shown in Figure 2.

0Odds and probabilities

Odds and probabilities use the same numerator but different denominators:

le wi .
Odds = the number of people with a condition or exposure

the number of people without the condition or exposure

the number of people with a condition or exposure

Probabilit =
Y the total number of people

Most people are more comfortable thinking in terms of probabilities. For example, in a
theoretical study of 100 women presenting to a clinic with dysuria, 50 are found to have
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probability . odds
dS = — Probability =
Odds 1-probability robaniy odds + 1

{ Figure 3. Converting Probabilities to Odds and Vice Versa.

.~.zary tract infections with positive urine cultures. On the basis of this study, the proba-
=.:tv of a urinary tract infection in a woman presenting to a clinic with dysuria is 50/100
== 1.5 (50 percent). In contrast, the odds of a urinary tract infection are 50/50 or 1. For the
—-pose of diagnostic testing, you only need to know how to convert from probabilities to
:3ds and from odds to probabilities (see Figure 3).

Continuing example
= the preceding example, the woman with dysuria has a 50 percent pretest probability of
-&ving a urinary tract infection. When asked if she also has been urinating more fre-
szently, she answers “Yes,” which corresponds to a positive likelihood ratio of 1.8. Her
sost-test probability of having a urinary tract infection on the basis of the presence of fre-
szenturination is calculated as shown in Figure 4.

As you can see, the probability of urinary tract infection is increased, but not substan-
=ilv. A test result with a positive likelihood ratio of 1.8 is not very powerful. However, if
-=e woman came to your office for a urine dipstick test and that test was positive (LR+ =
< 2). her post-test probability of having a urinary tract infection would be 4.2/5.2 = 81 per-

Pretest probability = Post-test probability =
50 percent 2 = 64 percent
l 2.8
0.5 T
Pretest odds = o5 1.0 —_— x1.8 —_— = 1.8 (post-test odds)

Figure 4. Calculating the Post-Test Probability.
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cent. This test is clearly much more powerful. It is also useful to note that this precise
method resulted in post-test probabilities that were very similar to those generated by
using the approximations described previously.

Using nomograms or handheld computers
If you prefer to avoid the calculations required to convert probabilities to odds and odds to
probabilities, you can use a nomogram (Figure 5). The pretest probability is located on the
left axis of the nomogram. A straightedge is then used to connect the pretest probability
to the likelihood ratio, and the intersection of the straightedge with the right axis will give
the post-test probability. Many programs that can perform these simple calculations for
diagnostic tests are available for handheld computers.
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Treatment threshold

The treatment threshold defines a probability of disease above which treatment is more
likely to result in the desired outcome, and below which withholding treatment is more
likely to result in the desired outcome. It can be thought of as the switching point: treat
above the treatment threshold and do not treat below the treatment threshold.

The treatment threshold depends on both the risks (or costs) of treatment and its bene-
fits. The treatment threshold is often abbreviated as Rx, and the formula for calculating
the treatment threshold is

cost

Treatment threshold (Rx) = ————
cost + benefit

In this equation, note that “cost” refers to the cost of treating nondiseased patients and
“benefit” refers to the benefit of treating diseased patients. If the cost of treatment is low
and the benefit of treatment is high, the treatment threshold is low. An example of a treat-
ment with a low threshold is the administration of antibiotic drugs to a patient who may
have pneumonia. The cost of treatment is low (the risk of a side effect of antibiotics in a
nondiseased patient), and the benefit of treatment is great (prevention of complications of
pneumonia, including death in a patient with disease); therefore, the treatment threshold
is low. In other words, you would be willing to treat a patient with a relatively low pretest
probability of pneumonia (say, 10 percent) if you were uncertain about the diagnosis and
additional testing was not available.

Itis important to note that treatment thresholds can be calculated from many different
perspectives. In this case, we are only taking the patient’s perspective, and we are assum-
ing that the patient incurs no financial costs. If we were taking the perspective of a health
care plan, we might consider the cost of the antibiotics (which would raise the cost in the
equation and therefore raise the treatment threshold). If we were taking the perspective of
society, we would probably consider the cost of the increased resistance to antibiotics that
results when antibiotics are given to large numbers of patients (which would also increase
the cost in the equation and raise the treatment threshold). A more complex calculation of
treatment thresholds would involve decision analysis, which is beyond the scope of this
chapter but is discussed in several textbooks.*”

If the costs of treatment are high (e.g., chemotherapy for small-cell lung cancer) and the
benefits are low (a few months of additional survival), the treatment threshold is high. In
these situations, the probability of disease must be very high (such as in cases in which a
diagnosis can be made by histologic examination) to raise the treatment threshold high
enough to justify administering chemotherapy.
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0 percent 100 percent
absent present

I
T
!
Disease ! Pretest probability = 30 percent Disease
{
!
| Rx?

Figure 6. Calculsting s Trestment Threshold on a Diseass-Probability Axis.

Returning to our original example of the patient with suspected pulmonary embolism,
we could represent his pretest probability of disease as shown in Figure 6.

1f we are to decide whether this patient should be treated for pulmonary embolism with
anticoagulant agents (intravenous heparin or intramuscular low-molecular-weight hepa-
rin), we must calculate the treatment threshold to determine whether the patient is above
or below this threshold.

The main cost (or risk) of treating a patient with anticoagulant agents is the possibility
of a major bleeding event (lethal or serious central nervous system bleeding or major gas-
trointestinal bleeding). Using low-molecular-weight heparin as an example, previous
studies have suggested a risk of serious bleeding of 1.2 percent during the initial treatment
period (typically less than 2 weeks).?

The benefit of anticoagulant therapy in a patient with pulmonary embolism is a major
decrease in the risk of death (generally from recurrent embolism) from approximately 30
percent (in an untreated patient) to approximately 9 percent (in a treated patient), which is
equivalent to a reduction of the risk of death by 21 percentage points.’

Therefore, the simple cost/(cost + benefit) equation yields a treatment threshold of:

Rx = _cost = 1.2 percent = 5.4 percent

cost+benefit (1.2 percent + 21 percent)

Since the patient’s current probability of having a pulmonary embolism is 30 percent,
he is above the treatment threshold, and treatment is indicated.

11
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Caveats

The example described uses a simplified version of a more detailed analysis that might be
conducted to estimate a treatment threshold precisely. For example, the risk of bleeding in
a patient receiving low-molecular-weight heparin was estimated at 1.2 percent during the
initial treatment period (typically less than 2 weeks), but estimates of this risk vary sub-
stantially depending on the patient’s age and coexistingl illnesses. For example, elderly
patients, those at risk of falling, and those with known previous major bleeding events are
likely to be at much higher risk of bleeding and therefore have higher individual treatment
thresholds. Furthermore, the benefit of low-molecular-weight heparin in terms of reduc-
ing the risk of death depends on the severity of disease at presentation; patients with more
severe disease are likely to receive more benefit. More complex determinations of treat-
ment thresholds would require a formal decision analysis; these techniques are described
in detail elsewhere.’” The main use of the simple cost/(cost + benefit) equation is to enable
the clinician to make a reasonable estimate of whether the treatment threshold is high,
medium, or low. These estimates can then provide general guidelines about whether or
not to treat patients. Some medical centers have decision-analysis teams that use complex
computer modeling to assist in complicated medical decisions at the bedside.

Deciding Whether to Order Another Test
One of the basic principles of diagnostic testing is that tests should be ordered only if they
are likely to affect the treatment of a patient. One could argue that there are other reasons
to order diagnostic tests (e.g., for patient reassurance, even when a diagnosis has been
almost certainly ruled in or out); but from the standpoint of quantitative medical decision-
making, the primary reason to order diagnostic tests is to change the estimated probabil-
ity of disease sufficiently to affect a treatment decision.

Recall that the decision whether or not to treat a patient changes at the treatment thresh-
old. Therefore, for a diagnostic test to be useful (i.e., to be able to affect a treatment deci-
sion) it must have enough power to cause the pretest probability of disease to cross the
treatment threshold. Let’s use the example of suspected pulmonary embolism to deter-
mine whether a ventilation—perfusion scan would be a useful diagnostic test for this
patient, whom we estimated to have a 30 percent pretest probability of having pulmonary
embolism (Figure 7).
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Pretest probability = 30 percent Post-test probability = (:—(;4—; = 4.1 percent
.04

Pretest odds = g—; =043 —— x 0.1 —p =0.043 (post-test odds)

Figura 8. Pretest and Past-Test Probabilities in the Pstient.

Thus, the test does have the power to lower the post-test probability of the disease below
the treatment threshold, and a negative test would prompt us to withhold treatment. How-
ever, note that the post-test probability of the disease (4.1 percent) is very close to the treat-
ment threshold (5.4 percent), and given the uncertainty of the exact treatment threshold,
we might choose to estimate the risks and benefits of treatment in this particular patient
more carefully, or we might want to consider a different diagnostic test (such as a spiral
computed tomographic scan or a p-dimer test) to attempt to lower the probability of the
disease even further.

The upper and lower testing thresholds (T, and T) define the range of probabilities
over which a diagnostic test can change the decision whether or not to treat the patient.

Figure 9 shows the testing thresholds in relation to the treatment threshold and defines
three medical decisions: do not test or treat, test, and treat without testing.

Each diagnostic test will have its own unique upper and lower testing thresholds. The
lower testing T, threshold is the probability value at which a positive test will result in a
post-test probability of the disease equal to the treatment threshold. Conversely, the upper
testing threshold T, is the probability value at which a negative test will resultin a post-test

Do not test or treat Test Treat without testing

0 percent T T 100 percent
Rx

Figure 9. Testing Thresholds in Relation to the Treatment Threshold on a Disesse-Probabikity Axis.
T, denotes lower testing threshold, T, upper testing threshold, and Rx treatment threshold. Adapted from Friedland.®
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Treatment threshold = 5.4 percent Lower testing threshold = (1% = 0.31 percent

0.054 T

Pretest odds = 0946~ 0.057 ————» Divide by 18.3 —p = 0.0031 (post-test odds)

Figure 10. Calculating a Lower Testing Threshold.

probability of the disease equal to the treatment threshold. These probabilities of disease
are calculated by taking the treatment threshold, converting it to odds, dividing it by the
largest and smallest likelihood ratios to calculate T, and T, respectively, and converting
back to probability.

In the case of ventilation—perfusion scans, the lower testing threshold is calculated as
shown in Figure 10.

Similar calculations show that the upper testing threshold is 36 percent. Therefore, the
ventilation—perfusion scan has the potential to change a treatment decision over a wide
range of pretest probabilities that encompasses the pretest probabilities of disease for
most patients (from 0.31 percent to 36 percent). Unfortunately, the value of this testing is
limited by the fact that intermediate results (intermediate or low probability), which are
unlikely to influence decision-making, are common.

Caveats

Testing thresholds provide a model for how to think about the use of diagnostic tests, and
the resulting threshold probabilities are based on estimates of the treatment threshold
and the likelihood ratios of the diagnostic test. The testing thresholds should not be inter-
preted as exact values, but rather as rough measures of the usefulness of a given test in a
particular patient. Testing thresholds evaluate only one test at a time. However, there are
many diagnostic tests that can be performed to evaluate a given patient for a specific dis-
ease. If the tests are performed in series, it is almost always possible to raise or lower the
probability of the disease sufficiently to cross the treatment threshold (if all tests have
either positive or negative results). Clinical judgment must be used to determine when
enough tests have been ordered.

15
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CONCLUSIONS

This chapter focuses on estimating the probability that a given patient has a specific dis-
ease, using diagnostic tests to modify that probability, and judging whether the probabil-
ity is sufficiently high or low to recommend treatment or additional testing. Physicians
seldom know with certainty whether a patient has or does not have a specific disease, and
itis often difficult to access data on the precise test characteristics or treatment thresholds
relevant to a clinical decision. However, the process of modeling clinical decision-making
with quantitative tools may improve a clinician’s ability to understand the process of clin-
ical reasoning. By systematically considering the likelihood of various diagnoses and the
implications of the diagnoses, methods using probability theory help physicians and
patients to make reasonable decisions in the face of uncertainty.
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Clinical Decision-Making: Understanding
How Clinicians Make a Diagnosis

GURPREET DHALIwAL, M.D.

The typical encounter between a patient and a health professional begins with a “prob-
2m" — the patient’s chief presenting symptom, a particular vital sign, an abnormal labo-
-ztory value — which the physician is asked to “solve.” Problem-solving is a skill all physi-
s:ans must learn and that some clearly perform better than others, yet few can articulate
=ow they do it. If pressed, physicians are apt to explain to students that diagnoses are
=ade by taking a complete history and performing a complete physical examination, fol-
.owed by a search of their memory for a disease that explains the findings. Unfortunately,
:xis response does not capture the essence of how physicians think. This chapter addresses
-ke mental functions that underlie the diagnostic process, the cognitive structures and
characteristics of skilled diagnosticians, and the cognitive errors that all physicians —
sxperienced or not — are likely to make. It is intended to summarize a selected group of
sheories and models — largely developed by educators and psychologists — and make
:hem relevant and accessible to practicing clinicians and students.

PATTERN RECOGNITION VERSUS ANALYTIC REASONING

The majority of clinical encounters involve common illnesses that physicians see fre-
quently and recognize with little diagnostic quandary when they present in their typical
torms.! Examples include allergic rhinitis, urinary tract infection, and cellulitis. From
experience, the clinician recognizes the characteristic symptoms and signs and makes a
diagnosis without needing to seriously consider alternative diagnoses. At the simplest
level, this form of reasoning (pattern recognition) involves comparing the current case with
previous cases (which are stored in memory either individually or in an abstract form) and
making a judgment about the probability of a match. Pattern recognition occurs auto-
matically and is rapid, efficient, and easy. Although it is usually an accurate method of
making a diagnosis, these same features make it seductive in the setting of complex prob-
lems and can lead to mistakes. As Leape wrote, “Humans prefer pattern recognition to
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calculation, so they are strongly biased to search for a prepackaged solution, i.e., a ‘rule,’
before resorting to more strenuous knowledge-based functioning.”

When physicians are confronted with a more challenging patient who does not fit a
previously recognized pattern, they are forced to employ a more time-consuming and
deliberate assessment (analytic reasoning). This requires searching memory and knowledge
stores, invoking pathophysiological mechanisms, and deriving new solutions to clinical
problems.** A patient with right arm weakness, right facial droop, and aphasia will
promptly receive a diagnosis of left middle cerebral artery stroke (pattern recognition); in
contrast, a patient with right arm weakness and a T4 sensory level, which does not imme-
diately invoke an obvious neuroanatomic correlate, will compel the physician to review
memory and knowledge stores for a possible explanation.

The predominant form of reasoning in any given case is determined by the physician’s
unique clinical experience and knowledge base.** For example, a physician working at a
university hospital with a major organ-transplantation unit will use pattern recognition to
rapidly recognize a commonly encountered problem, such as cyclosporine nephrotoxicity,
whereas an equally skilled clinician in a rural hospital may search his or her memory (and
available resources) to arrive at the same diagnosis. Conversely, in the case of 2 common
rural toxidrome, such as organophosphate poisoning, it is the community physician who
will use pattern recognition, whereas the university physician will employ an intensive
analytic process.

Even in cases of rapid pattern recognition and diagnosis, there is a role for analytic rea-
soning to verify the diagnosis and to safeguard against diagnostic errors. When an elderly
patient with a history of coronary heart disease presents with dyspnea and lower-extrem-
ity edema, the clinician will expect to diagnose congestive heart failure (pattern recogni-
tion) but should also seek information to rule out other possible causes, such as venous
thromboembolism (analytic reasoning).

PROBLEM-SOLVING STRATEGIES AND METHODS

One of the most widely cited models of the diagnostic process and analytic reasoning is
the hypothetico-deductive method,”® an adaptation of the general scientific method,
whereby hypotheses are proposed, tested, and verified or rejected.

Hypothesis Generation
Very early in the encounter with the patient (within 30 seconds to 2 minutes), the physician
forms a limited number (generally, two to five) of diagnostic hypotheses on the basis of
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:he chief presenting symptom, the patient’s demographic characteristics, and a few addi-
tional historical details.”*! Physicians sometimes form these tentative diagnoses before
:he first word is uttered in the interview, using nonverbal cues such as the patient’s appear-
ance, dress, gait, and mannerisms' or information previously available (e.g., the triage
aurse's notation of the chief presenting symptom).!?

Tentative diagnoses are generated on the basis of limited information and with little
effort by the use of pattern recognition.® If the patient’s initial history and nonverbal cues
match a physician’s mental image of a disease, that illness will be an early consideration.
For example, the otherwise well-appearing young patient who walks into the examination
room with an obvious facial droop most likely has Bell’s palsy. The triage nurse’s report of
fever, sore throat, and myalgia will lead the clinician to suspect an upper respiratory tract
:nfection before the patient is ever seen.

The initial hypothesis can be broad (e.g., rheumnatologic disorder) or specific (e.g.,
Henoch—Schonlein purpura). In either case, these hypotheses — or tentative diagnoses
— serve an important function for the human mind, which is limited in its ability to con-
sider large amounts of information.!? A hypothesis transforms an open medical problem

e.g., “What is this patient’s illness?”) into a set of well-circumscribed questions that are
much easier for the human mind to address and solve (e.g., “Is this illness influenza,
malaria, or urosepsis?”)." The hypotheses collectively form a “filing system” to organize
the new information as it is collected.'

Gathering and Analysis of Information
Much of the first encounter between the patient and the health professional is spent sort-
ing out the initial two to five tentative diagnoses. The physician usually collects informa-
tion (from the history, physical examination, laboratory tests, and imaging studies) within
the confines of the initial hypotheses, searching for information that supports or refutes
zhe possible diagnoses.?”*!11316 Some initial hypotheses are rejected, new hypotheses are
activated, and general hypotheses are replaced by more specific ones.

Along with pattern recognition, physicians employ specific forms of reasoning as they
invoke tentative diagnoses: probability (What are the most common causes of abdominal
pain in a 26-year-old woman?); prognostic implications, including potential lethality
(What is the most worrisome cause of abdominal pain in this patient?); cause-and-effect
relationships (What could cause abdominal pain in this patient one week after she had
unprotected sex?); or precompiled rules (“Always rule out pregnancy in a young woman
with abdominal pain”).>V
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As the clinician accumulates a complete data set about the patient, he or she also
employs a number of strategies to narrow down the list of possible diagnoses. Findings
that separate one disease state from another (e.g., the gradual onset of appendicitis vs. the
abrupt onset of a perforated ulcer), support the leading diagnosis (e.g., cervical motion
tenderness in a woman with suspected pelvic inflammatory disease), and help exclude
competing diagnoses (e.g., negative urine pregnancy test when ectopic pregnancy is a pos-
sible diagnosis) are particularly emphasized.®!® In selected cases, for example, when the
chief presenting symptom lends itself to an algorithmic approach (e.g., jaundice, anemia,
or renal failure), physicians may alternatively seek clinical data directed at the branch
points on an algorithm that helps distinguish between diagnostic possibilities (scheme-
inductive reasoning), rather than information that allows them to accept or reject diag-
nostic hypotheses.!>

Verification

When the clinician has arrived at one or two suspected diagnoses, these hypotheses are
subjected to a process of verification.>'® The physician re-examines the available informa-
tion, confirming that most normal and abnormal findings are explained by a given diag-
nosis; that the patient’s risk factors, presentation, and natural history are consistent with
the diagnosis; and that competing diagnoses — which generally do not meet the above
criteria — have been eliminated with confidence by seeking contradictory evidence. The
single simplest explanation for the presentation should be sought (according to the prin-
ciple of Occam'’s razor), although such parsimony is not always applicable in complex clin-
ical situations in which multiple illnesses may coexist. After the physician accumulates a
certain amount of data (which varies from clinician to clinician), the probability of a given
disease is judged as sufficiently high (treatment threshold) that no further testing is indi-
cated, and specific treatment is instituted.?* Since absolute diagnostic certainty is often
not possible, management plans are often predicated on treating patients for the most
likely diagnosis on the basis of the imperfect information at hand.

CORRELATES OF DIAGNOSTIC SUCCESS —
KNOWLEDGE ORGANIZATION

A number of studies comparing the problem-solving strategies used by students and phy-
sicians,® residents and attending physicians,? specialists and nonspecialists,” and expert
and average physicians’ have failed to demonstrate any differences in the qualitative meth-
ods used to arrive at diagnoses. In each comparison, both groups generated a limited
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number of early hypotheses and used these hypotheses to direct further lines of inquiry.
However, these studies and others — along with everyday observations — demonstrate
that more successful diagnosticians (experts, specialists, or attending physicians) pro-
ceed through the process with greater accuracy and efficiency at each step. They ask fewer
questions, consider fewer diagnoses, entertain the correct diagnosis earlier, and spend a
larger amount of time confirming their “hunch” (rather than conducting a nonfocused
generalized review of systems that generates more hypotheses and thus more investiga-
tion)_7.15.z4.25

This efficient and accurate diagnostic process is not explained simply by the accumula-
tion of medical facts (students who memorize the most information are not always the
best diagnosticians), by experience with many patients (more years of practice do not
guarantee diagnostic skill), or by enhanced memory skills (studies demonstrate that more
vears of experiencein clinical practice are notassociated with enhanced memory skills-?’).
Rather, diagnostic skill is highly dependent on how physicians’ knowledge and experience
are structured and organized in memory.

A study in which a case of endocarditis was presented in an organized and familiar
format (the standard history and physical sequence) found that attending physicians were
able to recall more case details than students. However, when the same case was presented
in a random and unorganized fashion, the experts’ recall deteriorated to that of the stu-
dents.” In another study, the attending physicians’ recall of laboratory data for a hypo-
thetical patient exceeded that of the students only when the patient was assigned a diagno-
sis; when the laboratory data were simply memorized in the absence of a diagnosis, the
students’ ability to recall values equaled that of the practitioners.® These studies suggest
that experienced physicians utilize a mental structure in which they store and organize
information about diseases, but that they do not possess enhanced memory skills.?’ Clini-
cians compare patient information they collect with the information stored in their men-
tal picture of a disease. When this information is unorganized, the framework within
which they “file” the case details becomes disrupted.

Proposed mental models of how physicians store and organize knowledge of disease
states include prototypes (e.g., recall of a typical case of pneumonia),* instances (recall of an
uncommon disease or of a particularly memorable case, such as one of pneumococcal
meningitis),> and illness scripts.®®32 An illness script describes the way in which clinicians
catalogue their own comprehensive pictures of disease states on the basis of previous
experience. It combines a knowledge of predisposing conditions (demographic and risk
factors) and a basic understanding of pathophysiological mechanisms with a detailed rep-
resentation of a disease process and its manifestations. For example, a typical illness
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script for myocardial infarction encompasses risk factors such as smoking and diabetes, a
mismatch of supply and demand at the myocardial level, and clinical findings of chest
pain, dyspnea, and electrocardiographic changes. Illness scripts are fluid and adapted to
real-world variations, since few disease presentations are textbook examples or are exactly
in line with the clinician’s previous experience. Because they reflect previous experience,
the illness scripts of individual physicians often differ substantially from those in text-
books or from those of other physicians. .

Clinicians use illness scripts as templates against which they compare the clinical
information from the patient. If the clinical data are immediately concordant with the
physician’s illness script, then the easy and efficient process of pattern recognition
unfolds. For example, an elderly diabetic smoker with substernal chest pain for two hours
and ST-segment elevations on the electrocardiogram is likely to immediately trigger an
illness script for myocardial infarction (pattern recognition). If, however, any of the
acquired information is atypical of myocardial infarction (e.g., a report of pleuritic chest
pain), more cognitive effort (analytic reasoning) is required to assess whether the find-
ings are within the expected variation of disease presentation, or whether activation of a
new script — invoking a new hypothesis — is required.

For precise and efficient diagnosis to occur, illness scripts must be accurate and acces-
sible to the physician in real time.?* This critical step is facilitated by problem representation,
whereby the patient’s signs and symptoms are transformed into a series of salient or
distinguishing descriptive features (e.g., unilateral vs. bilateral, slowly progressive vs.
rapid, acute vs. chronic). This limits the number of diagnostic possibilities and allows the
case to be swiftly compared and contrasted with a focused number of illness scripts,
allowing for the rapid exclusion of inappropriate diagnoses and the activation of appropri-
ate scripts. 2%

For example, a 68-year-old man reports a “bad stomachache.” On further inquiry, he
points to the area under his right rib cage and reports that the pain “happens after meals,”
“has occurred for the past two weeks,” “comes on quickly,” “is very severe,” and “goes
away after 15 to 30 minutes.” Whereas a novice physician may form differential diagnoses
for each of these components of the history and then search for an overlap, an experienced
clinician will mentally transform this narrative into a summary statement that is rich in
distinguishing details: “an elderly man with recurrent, acute, postprandial, right upper
quadrant pain.” In this case, the physician scans his or her illness scripts for the subset of
diseases that fit this well-defined scenario (e.g., biliary colic or peptic ulcer disease).¥*®
Relatively few additional historical features, examination maneuvers, laboratory tests, or
imaging studies are needed at this point to choose among the limited number of diag-
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noses. Years of study and clinical experience — along with continued and deliberate prac-
tice (see conclusion) — allow for this rapid search among detailed, nuanced, and accurate
illness scripts that leads to successful and sometimes effortless clinical problem-solving
by skilled diagnosticians.

COGNITIVE ERRORS IN THE DIAGNOSTIC PROCESS

The study of clinical decision-making can be divided into two distinct areas: a normative
component, which outlines how decisions should be made (e.g., the use of Bayes’s theorem
or decision trees), and a descriptive component, which describes how decisions are actually
made.” Because physicians are imperfect quantitative reasoners, there are notable differ-
ences between human cognition and Bayesian reasoning. This discrepancy often under-
lies mistakes in the diagnostic process. (Other determinants of diagnostic errors, such as
systems issues, are not discussed here.)

Bayesian or normative reasoning is predicated on having accurate data and subjecting
it to accurate calculations. However, a physician’s mental concept of a given disease (ill-
ness script) does not usually include detailed knowledge of the prevalence of the disease or
of the sensitivities and specificities of particular symptoms, signs, and tests for diagnos-
ing the disease.*** Physicians — and all other human decision makers — routinely use
imperfect numerical estimates made by inference from small samples, perceive patterns
or associations when no such connections exist,** and liberally employ heuristics.

Heuristics are mental shortcuts (“rules of thumb”) that usually lead to efficient and cor-
rect decisions and thus are used extensively by experienced clinicians.* Unfortunately, the
use of heuristics also leads to predictable and recurrent errors.**’ Heuristics are neces-
sary because thinking carefully, analyzing information, and deriving conclusions at each
encounter is too difficult and inefficient; heuristics greatly simplify the task of judging
probability and frequency.*®

The representative heuristic leads the clinician to judge the probability of a disease by the
extent to which the case matches expectations (the physician’s illness script) rather than
by taking into account the specificity and sensitivity of individual features for a given diag-
nosis and considering the overall prevalence of the illness. For example, a hypertensive
patient with headache, sweating, and palpitations may be assessed as likely to have a pheo-
chromocytoma, since the clinical features are a perfect match with the textbook descrip-
tion; this reasoning ignores the facts that each of these individual features is common in
the absence of pheochromocytoma and that the prevalence of pheochromocytoma is
extremely low.
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The availability heuristic leads the clinician to judge the probability of a disease by its ease
of recall rather than by its true prevalence. Human memory is particularly biased toward
the recall of recent events, atypical presentations, and contradictory or shocking cases,
leading to probability estimates that are far out of proportion to the actual prevalence of
the disease.>***? For instance, a clinician who correctly diagnoses pheochromocytoma in
one patient is likely to overestimate the probability of pheochromocytoma in the next
hypertensive patientencountered, even though the overwhelming majority of such patients
will have essential hypertension and the clinician is unlikeiy ever to see a case of pheo-
chromocytoma again. Even the possibility of becoming a remarkable case (because of a dire
outcome from a missed diagnosis) may lead the physician to substantially exaggerate the
probability of rare but serious disorders.*®

The anchoring heuristic leads clinicians to remain committed to their initial hypotheses
even as contradictory evidence accumulates. A clinician who makes an initial diagnosis of
nephrolithiasis (the anchor) has a tendency to adjust post-test probability inadequately (in
comparison with Bayesian analysis) as new information (e.g., a negative urinalysis result)
becomes available 34

Premature closure is a common mistake in which a physician settles upon a diagnosis
without sufficient evidence or without seeking or carefully considering contradictory
information.* For instance, a physician may be so certain that a patient with gastrointes-
tinal symptoms has irritable bowel syndrome that further indicated evaluation (e.g., imag-
ing studies or endoscopy) is not pursued. The application of a diagnostic label, however
tentative, often curtails further evaluation and prematurely shifts the emphasis to treat-
ment.

Arelated problem is confirmation bias, the tendency to look for evidence that supports an
early working hypothesis, to ignore data that contradict it, and to misinterpret ambiguous
evidence (by interpreting it to be in line with expectations).?** This bias reflects the fact
that physicians tend to struggle with discrepant information. It is particularly difficult
late in the reasoning process to recognize the need to repeat early steps, such as the his-
tory and physical examination, and to invoke a new diagnosis. The result is a failure to
fully consider and evaluate alternative diagnostic possibilities, thereby leading (as in pre-
mature closure) to an incorrect treatment course.

Since Bayes’s theorem does not describe or reflect how learning occurs or how memory
is formed, structured, or accessed in the human mind, there is little reason to suspect that
it would accurately describe real-time clinical reasoning.®® Rather, Bayesian analysis
remains an accurate model of normative decision-making that complements the physi-
cian’s diagnostic process as a decision-support tool. It provides instruction in how data
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should be integrated in the diagnostic process, and it is a particularly attractive alternative
to human calculation when complex or abundant numerical data are available.*

METHODS TO IMPROVE DIAGNOSIS

Understanding both the cognitive processes and the cognitive errors of diagnosis is more
than a theoretical pursuit. Armed with this insight, physicians have the opportunity to
improve their own diagnostic abilities and their teaching of others. -

Teaching students detailed and prototypical cases of common diseases — and requir-
ing them to explicitly discriminate among such cases, as theywill in practice — may enable
them to form more accurate and rich illness scripts with which subsequent cases can be
compared and contrasted. Since patients do not typically walk into the office reporting
dysfunction in a particular organ system, trainees may benefit from being introduced to
diseasés in the context of presenting symptoms rather than in the context of a defined
organ unit, lecture, or book chapter. As a result, their knowledge (illness scripts) may be
formed in the same way that it is accessed — with an undiagnosed patient — facilitating
problem representation and the formulation of hypotheses.?

An essential (but not sufficient) element of achieving diagnostic success is experience.
Experience makes it possible for physicians to recognize cases as similar to previous ones
and to more readily identify likely diagnoses and indicated diagnostic tests. Expertise,
however, does not come about passively, simply as a result of taking care of patients®%;
rather, it requires ongoing attention to clinical decision-making, for example, by reflect-
ing on previous decisions, seeking feedback and patient follow-up information from col-
leagues,* and taking the opportunity to learn from cases managed by other clinicians, as
presented in rounds and clinical conferences and as described in the scientific literature.

Experience alone does not change a clinician’s predilection to make cognitive
errors.*>¢5” However, knowledge about cognitive errors in diagnosis and the limitations
of human judgment can help clinicians to be more thoughtful in making decisions.?*
Knowing the tendency to overestimate the probabilities of uncommon diseases may min-
imize the ordering of tests for which positive results are unlikely (and, when found, are
likely to be false positives). Recognizing the predilection to cling to initial diagnoses and
to favor confirmatory evidence may force clinicians to routinely ask, “What else could this
be?” This type of mindful practice (metacognition, or thinking about thinking) may ulti-
mately help to guard against diagnostic pitfalls.’
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ASHA R. KALLIANPUR, M.D., KATHERINE A. POEHLING, M.D.,

AND ROBERT S. DITTUS, M.D., M.P.H.

A 58-year-old man receiving hemodialysis after failed renal transplantationwas admitted
sith unstable angina. He had a history of hypertension, diabetes mellitus, ischemic heart
disease, and transplant-related immunosuppression of several years’ duration. Less than
wur weeks earlier, he had undergone repair of an intraabdominal aortic aneurysm and
-emoval of the renal graft.

Cardiac catheterization was deferred because the prothrombin time and activated
partial-thromboplastin time were prolonged, at 88.0 seconds (international normalized
=atio [INR], 7.2) and 77 seconds (normal range, 28 to 40), respectively. He reported mal-
aise, fevers, abdominal pain, nausea, and vomiting but no increase in bleeding since the

sargery.

Te abnormal results of the coagulation tests could be due to an inappropriate method of
~wod collection or to laboratory error. If the results are valid, the uneventful abdominal
szrgery indicates a recently acquired coagulopathy. Confirmation of normal preoperative
-oagulation tests is important. Prolongation of both the prothrombin time and the acti-
-ated partial-thromboplastin time could be due to a deficiency of one or more factors in
:he pathway common to both tests (factor V, factor X, fibrinogen, and prothrombin), a
zrculating anticoagulant, or vitamin K deficiency. [ would inquire about the patient’s diet,
zhe use of anticoagulants, and the recent use of antibiotics that might lead to low vitamin
A levels.

The patient’s wife reported that his oral intake had been “minimal” for the past month.
His medications included isosorbide dinitrate, lovastatin, atenolol, prednisone given at a
tapered dose since the removal of the graft (10 mg daily), aspirin (325 mg daily), insulin,
lansoprazole, iron, and multivitamins. In response to a question, the patient stated that he
had not taken oral anticoagulants or antibiotics. However, heparin was used regularly
during dialysis.

On physical examination, the patient appeared to be chronically ill. His weight was
84 kg, which was 6 kg below his preoperative dry weight (the postdialysis weight). The
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oral temperature was 37.7°C, respirations were 18, the pulse was 67 and regular, and the
blood pressure was 172/78 mm Hg. Bleeding was absent. Heart sounds were normal. The
surgical wound was well healed. Bowel sounds were decreased, and the right lower quad-
rantwas tender. Distention, organomegaly, rebound, and guarding were absent, and there
was no palpable mass. A stool guaiac test was negative for occult blood.

The abdominal pain, nausea, and fever are worrisome because they suggest the possibility
of an abscess or bleeding in the region of the aortic graft or the renal-graft bed. Chronic
disseminated intravascular coagulation complicating an aortic aneurysm or its repair has
been well described.! A computed tomographic (CT) scan of the abdomen and pelvis would
be helpful. Fever, chronic nausea, and abdominal pain also raise the possibility of adrenal
insufficiency, pancreatitis, or a bowel infection. The aspirin treatment should be stopped
pending evaluation of the coagulopathy. Oral iron treatment, which may contribute to
nausea, should also be discontinued. Measurement of the prothrombin time and activated
partial-thromboplastin time should be repeated.

The patient did not undergo dialysis the day the tests were performed, and the sample was
obtained by peripheral venipuncture. The results of repeated coagulation tests were simi-
larly abnormal. Levels of serum electrolytes, amylase, lipase, and liver enzymes were nor-
mal; the albumin level was 2.9 g per deciliter. The white-cell count was 5300 per cubic
millimeter, with a normal differential count; the hematocrit was 33 percent; the platelet
count was 172,000 per cubic millimeter. The chest film and electrocardiogram showed no
acute abnormalities, and an abdominopelvic CT scan obtained after the oral administra-
tion of contrast material was unremarkable. The prothrombin time and activated partial-
thromboplastin time had been tested four weeks earlier; the values at that time were 12.8
seconds (INR, 1.1) and 32 seconds, respectively.

The patient has an acquired coagulopathy. Vitamin K deficiency, exposure to warfarin or
heparin, and liver disease are common causes of elevations in both the prothrombin time
and the activated partial-thromboplastin time. In this case, however, the much greater
increase in the prothrombin time than in the activated partial-thromboplastin time rules
out heparin as the sole cause of the coagulopathy, and there is no evidence of intrinsic liver
disease. A normal platelet count makes the diagnosis of disseminated intravascular
coagulation unlikely, although the blood smear should be reviewed for the presence of
schistocytes, and the levels of fibrinogen and of fibrin- and fibrinogen-degradation prod-
ucts should be measured. The patient did not report the use of warfarin, buta careful review
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-t his medications is nonetheless important. His extended illness, hypoalbuminemia, and
~ostoperative anorexia are consistent with a nutritional vitamin K deficiency. Vitamin K
Zeficiency is an underrecognized complication of prolonged illness and malnutrition, espe-
zally in hospitalized patients who have undergone surgery.2 There is no evidence of extrahe-
saric biliary obstruction or intestinal malabsorption, which are less common causes of vita-
=in K deficiency.

The blood smear showed no microangiopathic changes. The p-dimer level was more than
.50 mg per deciliter (normal value, <0.25). The fibrinogen level was 654.4 mg per decili-
<er (normal range, 180 to 350). Inspection of the contents of available medication bottles
and a review of the entire list of medications were unrevealing.

With bed rest, the patient had no further chest pain. However, he reported increased
ower abdominal pain and diarrhea. His oral temperature remained in the range of 37.3 to
37.9°C. The results of an abdominal examination and an electrocardiogram were
unchanged. Adrenal insufFiciency was considered unlikely, since the patient reported that
he had been taking three 2.5-mg tablets of prednisone daily before admission. Aspirin
and iron were withdrawn.

an acquired inhibitor of coagulation should be ruled out by performing the prothrombin-
=me assay on a 1:1 incubation mixture of the patient’s plasma and normal plasma. Meas-
-rement of the thrombin clotting time would be useful to determine whether heparin is
contributing to the coagulopathy. Another possibility is the postoperative development of
zntibodies to topical bovine thrombin, a surgical hemostatic agent, or to the bovine factor V
-ontained in the agent. These antibodies may cross-react with human factor V in the pro-
:arombin-time assay and may react with thrombin in the thrombin-clotting-time assay.
Xeported in vitro elevations of the prothrombin time, activated partial-thromboplastin
:ime, and thrombin clotting time due to such antibodies may not always be clinically
significant.3

The patient had no abnormal bleeding. The thrombin clotting time was obtained after
hemodialysis. The result of the prothrombin-time assay performed on a 1:1 dilution of the
patient’s plasma and control plasma was completely normal.

Rapid and complete correction of the prothrombin time in the 1:1 mixture makes an
acquired inhibitor of coagulation unlikely. The thrombin clotting time is more sensitive
‘or the detection of antithrombin antibodies. The administration of aqueous vitamin K
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(5 to 10 mg daily) subcutaneously or by mouth is appropriate. Parenteral administration
is possible but carries an increased risk of anaphylaxis. Fresh-frozen plasma, 2 to 4 units
every 12 hours as needed, combined with ultrafiltration to prevent volume overload, should
be administered to treat active bleeding. The use of heparin should be avoided.

Aqueous vitamin K (5 mg daily) was administered subcutaneously, and the dialysis unit
was instructed to discontinue heparin treatment. The prothrombin time and activated
partial-thromboplastin time returned to normal values ‘within 48 hours after the first
dose of vitamin K. The thrombin clotting time was normal. Stool samples were negative
for white cells and Clostridium difficile.

On the eighth hospital day, the patient underwent coronary angioplasty and placement
of a stent. A hematoma in the groin and hypotension complicated the procedure, despite
correction of the coagulation times. At discharge, four days later, the patient was afebrile,
with improved oral intake and a hematocrit that was stable at 30.6 percent. The medica-
tions were unchanged except for the addition of clopidogrel for stent protection; treatment
with aspirin and iron was resumed. The patient was instructed to eat plenty of green, leafy
vegetables. Close follow-up was scheduled.

Rapid correction of the prothrombin time with a low total dose of vitamin K (10 mg) is
reassuring. Much larger doses are often needed to counteract warfarin toxicity. However,
close follow-up to identify any further bleeding and thrombotic thrombocytopenic pur-
pura, which is associated with the use of clopidogrel, is essential.

Ten days later, the patient was readmitted with atypical chest pain, epistaxis, hemoptysis,
recurrent fever, and nausea. The prothrombin time on admission was 83.0 seconds (INR,
8.6), and the activated partial-thromboplastin time was 109.3 seconds. The physical
examination was unchanged except for an oral temperature of 37.9°C, blood in the nares,
and aresolving hematoma in the groin. The platelet count was normal; the hematocrit was
27.7 percent.

The patient should be treated immediately with plasma and vitamin K. Platelet transfusions
may be indicated because of the use of potent antiplatelet agents. The rapid recurrence of the
coagulopathy strongly suggests an extrinsic cause of vitamin K antagonism. It is critically
importantto inspectall the pills that the patientis taking at home and to consider measuring
blood levels of warfarin and brodifacoum (rat poison). The fever may be related to retro-
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peritoneal bleeding or infection due to his immunocompromised state. In the absence of
localizing signs of infection, relative adrenal insufficiency deserves reconsideration.

The patient’s wife brought in all his medication bottles for review. Warfarin (2.5 mg) was
found in a bottle labeled “prednisone, 2.5 mg.” The prescription for prednisone had been
written two months earlier in the dialysis unit, two days after a prescription for predni-
sone (10 mg daily) had been given at the clinic. As a cost-saving strategy, a three-month
supply of 2.5-mg pills was dispensed, instead of the one-month supply prescribed. The
patient had begun taking three of these tablets daily immediately after the repair of his
aneurysm, and he had resumed taking the tablets after the recent hospital discharge. An
investigation revealed that the prescription had been hand-filled by a pharmacy techni-
cian and that the error had not been detected, despite a review by a senior pharmacist. The
close proximity of the warfarin and prednisone containers at the pharmacy technician’s
work station was thought to have contributed to this apparently isolated error.

The patient had a good response to treatment with fresh-frozen plasma and large doses
of vitamin K. Treatment with prednisone was resumed at a dose of 10 mg daily, with reso-
lution of his fever and gastrointestinal symptoms.

COMMENTARY

A recent report by the Institute of Medicine states that preventable medical errors (includ-
ing medication errors) are far more common than previously thought, although the exact
numbers continue to be debated.57 Errors in the ordering and administration of medica-
tions for hospitalized patients have been studied more extensively than errors in the dis-
pensing of outpatient prescriptions.8:9

The error in this case could have been detected during the patient’s first hospitalization
had his wife been asked to retrieve all medication bottles from their home, a three-hour
drive from the hospital. However, the existence of a rational explanation for vitamin K
deficiency and the easy correction of clotting times with treatment lowered the clinical
suspicion of warfarin toxicity below a critical threshold. The rapid recurrence of the coag-
ulopathy after the patient had been discharged prompted the consultants to reconsider
this possibility.

With regard to results, dispensing errors mimic factitious drug ingestion or poisoning.
They should be part of any differential diagnosis that includes noncompliance with medi-
cation or variations of Munchausen’s syndrome.
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Furthermore, dispensing errors may lead to reciprocal errors of equal or greater import.
In this case, prednisone was inadvertently withheld from a patient with chronic suppres-
sion of the pituitary-adrenal axis when warfarin was substituted for it.

Pharmacy policies that alter the prescribing physician’s instructions may have impor-
tant ramifications for patient safety. Sending a patient a three-month supply of pills
reduces the pharmacy’s mailing costs but can worsen the effect of a dispensing error by
delaying its detection. A patient who is instructed to complete a course of medication
within a given period may assume that extra medication indicates a change in the pre-
scribed dose. A nonselective policy of dispensing large quantities of prescription drugs
that may soon be changed or discontinued increases the likelihood of medication-related
errors.

In addition to increased attention to human factors, several system changes may reduce
the frequency of dispensing errors. These include automated dispensing mechanisms, bar
coding of drugs in the pharmacy, and computerized prescription entry.?-1! Improved
recording of medication changes and better communication between physicians and the
pharmacy are needed. The challenge in the future will be to develop prescribing, dispens-
ing, and information and tracking systems that make errors more visible and that mini-
mize their effect. The recognition of errors only after the onset of clinical and laboratory
abnormalities (the elevated prothrombin time and activated partial-thromboplastin time
in this case) constitutes a system failure.12

Physicians usually check medications by reviewing a list or the container labels, not by
examining the actual contents of the containers. In this case, “Coumadin” was inscribed
on the tablets, which were green, and the physicians caring for the patient knew that pred-
nisone tablets are not green. However, it would be impossible for most physicians to rec-
ognize the myriad pills patients take by appearance alone. Many pills look similar, and
some do not have identifiable markings. Patients, on the other hand, frequently know
their medications solely by their appearance, and they should be encouraged to ask the
provider or pharmacist to check any discrepancies that might reflect dispensing errors.13
Patients and caregivers might also be empowered to detect dispensing errors themselves.

The technology is available to scan a digital color photograph of each pill, with a com-
plete description of its appearance, into every pharmacy’s computer. The scanned image
and description of the pill (linked to the bar code) can then be printed automatically or.
the container label. Contracts between pharmacies and drug manufacturers may ulti-
mately require that, for all oral medications, such information be placed in a central com-
puterized database to which health care professionals and patients have access. This strat-
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egy could potentially be cost-effective, given the cost of hospitalizations and acute care
visits estimated to result from medication errors.14:15

Although system changes can and should result from the identification of avoidable
medical errors, caregivers must also bear in mind that these errors may occur.1%17 When
the clinical presentation can be explained by an unintended drug effect, it is time to look

at the patient’s pills.
Supported in part by an unrestricted gift from the Pfizer Foundation.

The views expressed in this article do not necessarily represent the views of the Department of Veterans Affairs or of the U.S. government.

This article first appeared in the January 4, 2001, issue of the New England Journal of Medicine.
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Of Nicks and Time

BRAHMAJEE K. NALLAMOTHU, M.D., M.P.H.,
SANJAY SAINT, M.D., M.P.H., THEODORE J. KOLIAS, M.D.,

AND KIM A. EAGLE, M.D.

A 32-year-old man with a history of asthma and “crack” cocaine use presented to the
emergency department after an episode of syncope. Earlier that evening, he had smoked
crack cocaine several times. Shortly after his last use, he began to have sharp chest pain,
which radiated to his shoulders and was associated with dizziness and diaphoresis, fol-
lowed by a sudden loss of consciousness. His wife, who witnessed the event, described
him as “foaming at the mouth” and having involuntary trembling of his arms and legs. He
was brought immediately to the emergency department.

The patient reported no shortness of breath, nausea, or vomiting. He had no history of
intravenous drug use, coronary artery disease, hypertension, diabetes mellitus, or hyper-
cholesterolemia and no family history of sudden death or cardiac disease. He took no
medications. He smoked cigarettes and marijuana regularly but stated that he had used
crack cocaine only once before.

The differential diagnosis includes acute coronary insufficiency leading to a tachyarrhyth-
mia or bradyarrhythmia, low cardiac output as a result of profound myocardial ischemia,
or an acute tachyarrhythmia caused by the effects of cocaine. Additional possibilities
:nclude a seizure, which might occur with a cocaine-induced hypertensive crisis, vasode-
dressor syncope or bradyarrhythmia, and acute dissection of the ascending aorta. It would
Se useful to know whether.the onset of chest pain was sudden. In cocaine-related acute
coronary insufficiency, symptoms generally evolve over a period of minutes. In the case of
an arrhythmia or aortic dissection, in contrast, the onset is typically more sudden.

In the emergency department, the patient was alert but in mild distress from chest dis-
comfort. He was afebrile, with a blood pressure of 116/77 mm Hg, a pulse of 112 beats per
minute, and a respiratory rate of 16 per minute. Examination of the head and neck revealed
no signs of trauma. There was no jugular venous distention or carotid bruits. An examina-
tion of the lungs revealed scattered wheezes. Heart sounds were normal, and there were
no murmurs, rubs, or gallops. There was no cyanosis, clubbing, or edema of the arms or
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zver, the subtle abnormalities on the electrocardiogram and chest film raise the possibil-
v of aortic dissection with pericardial bleeding.

The proper approach in this case is challenging. If acute coronary insufficiency is pres-
2nt, antiplatelet and anticoagulant therapies are indicated. However, the use of anticoagu-
.ants is contraindicated in patients with aortic dissection. A beta-blocker is the preferred
:pproach to the treatment of elevated blood pressure in patients with aortic dissection,
whereas in patients with acute coronary insufficiency as a result of cocaine-use, there is
concern that isolated beta-blocker therapy may increase coronary vasoconstriction in
-esponse to unopposed o-adrenergic stimulation. Additional information is needed to
clarify the diagnosis. A spiral CT scan of the chest, a transesophageal echocardiogram, or
Soth should be obtained immediately to rule out aortic dissection. A transesophageal
echocardiogram might also be useful in the diagnosis of acute coronary insufficiency if it
showed abnormalities in regional wall motion.

The patient was given aspirin, ketorolac, intravenous fluids, and nebulized albuterol and
ipratropium. His chest discomfort decreased substantially. He was admitted for overnight
observation with telemetric monitoring. Approximately six hours after admission, he
again reported mild discomfort in his chest and upper back. His blood pressure was 98/67
mm Hg, his pulse was 120 beats per minute, and his respiratory rate was 22 per minute.
He was given a sublingual nitroglycerin tablet and subsequently became dizzy and briefly
lost consciousness. No seizure activity was noted. After he recovered consciousness, his
blood pressure was unmeasurable with a noninvasive blood-pressure cuf¥, his pulse was
140 beats per minute and regular, and his respiratory rate was 28 per minute.

The patient was immediately transferred to the coronary care unit, where treatment
with intravenous fluids and dopamine hydrochloride was begun. Systolic blood pressure,
measured with use of a radial arterial catheter, was 70 mm Hg; an electrocardiogram
showed sinus tachycardia with no acute changes suggestive of ischemia. On examination,
the patient was somnolent and reported occasional sharp pains in his chest, upper shoul-
ders, and back. While sitting upright, he had marked jugular venous distention. The heart
sounds were rapid and faint, with no murmurs, rubs, or gallops. The lungs were clear.
The patient’s hands and feet were cool and clammy, with faint peripheral pulses. The
results of the neurologic examination remained normal.

There has been a serious deterioration in the patient’s condition. If coronary ischemia was
the cause of this syndrome, marked electrocardiographic changes and pulmonary con-
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gestion would be expected. The presence of clear lung fields argues against left ventricular
failure as the primary cause of his worsening status. The low-output state and elevated
jugular venous pressure suggest that right ventricular function is poor. At this point, the
differential diagnosis includes an acute right ventricular infarction or subacute cardiac
rupture as a result of myocardial infarction with pericardial tamponade. Another possibil-
ity is pulmonary embolism; however, there is no clear predisposing condition. Aortic dis-
section of the ascending aorta with cardiac tamponade would explain all of the clinical
findings. Although aortic dissection occurs much less often than coronary insufficiency
in patients with cocaine-related chest pain, the electrocardiographic findings in this case
are not suggestive of an acute myocardial infarction of the inferior wall, a right ventricular
myocardial infarction, or an extensive ventricular injury.

Emergency transthoracic echocardiography revealed a moderate-sized pericardial effu-
sion with evidence of right atrial and right ventricular diastolic collapse, dramatic respira-
tory changes in mitral inflow velocity, a dilated aortic root (54 mm), and minimal aortic
insufficiency. Hyperechoic areas suggestive of thrombus were noted in the pericardial
space. Pulmonary-artery catheterization revealed a right atrial pressure of 20 mm Hg, a
pulmonary-artery pressure of 30/22 mm Hg, and a pulmonary-capillary wedge pressure
of 22 mm Hg.

The presence of presumed thrombus in the pericardial space and equalization of the dia-
stolic pressures in the right atrium, pulmonary artery, and pulmonary-capillary wedge
confirm the diagnosis of acute hemopericardium. The most likely cause is cardiac rupture
or acute dissection of the ascending aorta. Given the continued hypotension, the patient is
at high risk for death in the next few minutes or hours. The patient must go to the operat-
ing room immediately. Delaying surgery for the sake of further diagnostic testing would
be a mistake.

The patient was taken to the operating room, where an urgent median sternotomy was
performed. A tense pericardium was noted. After the patient was placed on cardiopulmo-
nary bypass, the pericardium was opened, revealing a substantial amount of organized
thrombus and blood. Further examination revealed a short, circumferential dissection of
the proximal ascending aorta (Figure 2). The aortic root and valve were replaced with a
stentless bioprosthetic composite graft. The patient recovered without complications and
was discharged in good condition nine days after admission. He declined any formal sub-
stance-abuse counseling. Four months after hospitalization, he remained well and denied
any further use of cocaine.
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COMMENTARY

This patient presented to the emergency department with sharp chest pain and syncope after
the use of crack cocaine. Initially, he was treated as a low-risk patient with cocaine-associ-
ated chest pain and admitted for overnight observation to rule out myocardial infarction.
Although subtle, several symptoms and signs present on his initial evaluation suggested the
existence of a more dangerous pathophysiologic process, but these were either minimized or
missed in the emergency department. They included unexplained syncope, sinus tachycar-
dia, and minor electrocardiographic and radiographic abnormalities. Although none of
these point specifically to an acute aortic dissection, they do imply that a more dangerous
clinical situation exists and, as the discussant states, warrant urgent additional testing. Early
diagnosis is essential in this situation, since the treatment of aortic dissection, which
includes urgent surgical evaluation, possible beta-blocker therapy, and avoidance of antico-
agulants, differs dramatically from the treatment of acute coronary syndromes after cocaine
use, the conditions with which aortic dissection is most often confused.1:2

Twenty-five million Americans have used cocaine at least once, and 1.5 million are cur-
rent users.3 It is estimated that chest pain, a common symptom related to cocaine use,*
results in more than 64,000 evaluations in the emergency department per year at a cost of
$83 million.5 The diagnostic and therapeutic approach to a patient with cocaine-associ-
ated chest pain is difficult, given the wide spectrum of diseases associated with the recre-
ational use of this drug.® Although life-threatening conditions such as acute coronary
insufficiency, acute myocarditis, ventricular arrhythmia, and aortic dissection have all
been reported in association with cocaine use,2:3 most patients who present to the emer-
gency department with chest pain after cocaine use do well, with a reported one-year sur-
vival rate of 98 percent.”

The initial evaluation of a patient with cocaine-related chest pain is usually focused — as
it was in this case — on ruling out myocardial infarction, since this is the most common
cardiovascular complication associated with the use of cocaine.> Like myocardial infarc-
tion, aortic dissection after cocaine use is thought to be due to a rapid increase in blood pres-
sure and heart rate as a result of sympathetic stimulation caused by inhibited reuptake of
epinephrine and norepinephrine at neuronal synapses.2 These sudden changes increase
shear stress in the thoracic aorta, resulting in small “nicks,” or tears, of the intima, which
can then propagate in both an antegrade fashion along the aorta and a retrograde fashion
into the coronary vessels and pericardium. In addition to sudden changes in shear stress, an
inherent structural weakness of the arterial wall, such as that resulting from Marfan’s syn-
drome or mild connective-tissue abnormalities, is also thought to be necessary for the ini-
tiation of dissection.8:2 Aortic dissections are classified according to their location; the com-
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monly used Stanford classification labels those involving the ascending aorta as type A and
those involving the descending aorta (i.e., distal to the left subclavian artery) as type B.

The clinical presentation of aortic dissection is highly variable, depending on its loca-
tion, extent, and the presence or absence of end-organ complications; severe, sharp pain
in the chest and upper back is the most common presenting symptom.1° Syncope is also
frequent and is present in about 9 percent of patients.19 Reliance on classic findings on
physical examination and chest radiography is of limited value in aortic dissection, since
pulse deficits, regurgitation murmurs, and a widened mediastinum or abnormal aortic
contour are often absent or are not recognized. Although the findings on electrocardiog-
raphy are nonspecific for dissection, electrocardiography should be performed to rule out
myocardial ischemia.

Once aortic dissection is suspected, time is critical. Rapid diagnosis and an awareness
of its complications are essential, and appropriate treatment including surgical repair
must be instituted immediately. In-hospital mortality is approximately 27 percent, with
most deaths occurring soon after the onset of symptoms.1° Transthoracic echocardiogra-
phy appears to be helpful as an initial screening test, particularly in patients with type A
dissections, for which its sensitivity ranges from 78 to 100 percent.11 In addition, the test
can uncover important complications such as valvular regurgitation and pericardial effu-
sions. Although typical echocardiographic criteria for aortic dissection — an undulating
intimal flap or central displacement of intimal calcification — were absent in the patient
under discussion, a hemopericardium with tamponade and a dilated aortic root were pres-
ent and suggested dissection.

Percutaneous drainage of pericardial fluid, a common treatment for hemodynamically
unstable tamponade, was not performed, since drainage could have led to a rapid restoration
of blood pressure as well as extension of the dissection and pericardial bleeding.12 Instead,
urgent surgical exploration, pericardiotomy, and repair of the ascending aortic valve and
root were performed.

In this patient, the strict avoidance of further cocaine use is just as important as careful
medical care and follow-up. However, cocaine users frequently have serious psychological
and cognitive issues that require highly specialized therapy programs.13 Treatment is fur-
ther complicated in this group of patients by the high frequency of abuse of other types of
substances, especially alcohol.3 There are high rates of recidivism even with the optimal
use of pharmacotherapy, psychotherapy, and behavioral therapy.?3 This patient’s long-
term prognosis will ultimately depend in large part on whether he continues to use cocaine
or other drugs.

We are indebted to Camilla Payne, R.N., and Padma Nallamothu, M.D., for their careful review of the manuscript and helpful suggestions.

This article first appeared in the August 2, 2001, issue of the New England Journal of Medicine.
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More Than Your Average Wheeze

CAREY CONLEY THOMSON, M.D., ANDREW M. TAGER, M.D.,

AND PETER F. WELLER, M.D.

A 59-year-old man presented to a pulmonary clinic with a two-month history of rapidly
progressive shortness of breath. At the onset of his dyspnea, prednisone (60 mg per day)
relieved his symptoms, but dyspnea recurred when the dose was tapered after three weeks.
He had had postnasal drip and a nonproductive cough for four years. Asthma had been
diagnosed three years earlier, because of occasional wheezing, and inhaled albuterol and
fluticasone and oral theophylline were prescribed. He had also been treated for sinusitis
with antibiotics and a nasal septotomy and had received omeprazole for esophageal reflux,
but he continued to wheeze. The only treatment that relieved his symptoms was multiple
short courses of prednisone. His history was notable only for adult-onset diabetes and
hyperlipidemia. He had no history of other lung diseases, fever, allergies, tobacco use,
recent travel, a change in his job or home environment, or a new pet in his home.

.rthe patient does have asthma, the presence of dyspnea suggests that it is not well con-
zrolled. Potential reasons for lack of control include poor adherence to therapy, improper
use of inhalers, or the presence of exacerbating factors. Potential exacerbating factors,
:ncluding sinusitis and esophageal reflux, had been treated, but this failed to improve his
svmptoms. Still, the possibility of these or other asthma triggers should be reconsidered.
“would obtain a chest radiograph to rule out infiltrates and perform pulmonary-function
zests to evaluate the type and severity of impairment.

One month earlier, he had gone to the emergency department because of chest tightness,
shortness of breath, and asymmetric edema of the legs. The oxygen saturation was 92
percent while he was breathing room air. A chest radiograph revealed atelectasis of the
right lower lobe, and an elevated right hemidiaphragm.

He was hospitalized, and a myocardial infarction was ruled out. He was treated with
aspirin and furosemide, with no improvement in symptoms. Cardiac catheterization was
negative for coronary artery disease. A ventilation-perfusion scan found “no evidence of
pulmonary embolism.”
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It is important to consider diagnoses other than asthma. Ischemic heart disease has been
ruled out. Noninvasive studies of the legs would have been reasonable given the presence
of asymmetric edema, but the results of ventilation-perfusion scanning make pulmonary
embolism unlikely. The findings on radiography of the chest do not suggest heart failure
as the cause of dyspnea, and the patient’s symptoms did not respond to furosemide.

The dyspnea progressed, and the patient went to the pulmonary clinic for evaluation. His
medications included salmeterol, fluticasone, theophy]line, fexéfenadine, furosemide,
omeprazole, glyburide, rosiglitazone, atenolol, and gemfibrozil. On examination, he was
in mild respiratory distress. The respiratory rate was 16 per minute, the blood pressure
was 150/85 mm Hg, and the pulse was 80 beats per minute and regular. Examination of
the sinuses and oral cavity was normal, as were cardiac and abdominal examinations.
Examination of the lungs revealed diffuse wheezing with diminished breath sounds bilat-
erally. There were several small, papular lesions on the medial aspects of the legs and
bilateral edema of the legs, which was worse on the right leg.

A radiograph of the chest revealed an elevated right hemidiaphragm and atelectasis of
the right lower lobe. The oxygen saturation was 93 percent while the patient was breath-
ing room air and 89 percent after two minutes of exertion; in an arterial-blood sample the
partial pressure of oxygen was 62 mm Hg, the pH was 7.4, and the partial pressure of car-
bon dioxide was 39 mm Hg. The results of pulmonary-function tests were consistent with
the presence of severe, partially reversible airflow obstruction (Table 1). The patient had
a good response to a bronchodilator, as assessed by comparing the results of spirometry
obtained before and five minutes after the administration of two puffs of albuterol.

His symptoms and the findings on examination of the lungs and pulmonary-function
testing are consistent with the presence of asthma. However, the atelectasis and elevated
hemidiaphragm evident on radiography of the chest are not expected with this condition.

The patient was questioned about his use of bronchodilators and admitted that he rarely
used them because they “never helped.” He was unable to demonstrate the proper use of
an inhaler. The use of an inhaler with a spacer was reviewed, and he was instructed to
begin using inhalers daily.

Avital step in the management of asthma is to teach patients the importance of the use of
inhalers in controlling the disease, as well as how to use these devices effectively. The
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Although eosinophilia may accompany asthma, the levels rarely exceed 800 per cubic mil-
limeter even in severe cases. In addition, the patient’s erythrocyte sedimentation rate is
markedly elevated, a finding not seen in asthma. I am concerned about the possibility of
systemic eosinophilic syndromes associated with asthma.

The patient was hospitalized. The eosinophil count and erythrocyte sedimentation rate
remained markedly elevated. The level of IgE was 3130 IU per milliliter (normal range, 0
to 100), the IgG level was 2620 mg per deciliter (normal range, 614 to 1295), and the IgA
level was 397 mg per deciliter (normal range, 69 to 309). The uriﬁalysis was negative for
blood. An echocardiogram revealed a small pericardial effusion with no evidence of tam-
ponade, a dilated and hypertrophied left ventricle, and no wall-motion abnormalities or
intraventricular thrombi. Tests for antineutrophil cytoplasmic antibodies (ANCA) and
antinuclear antibody were negative. CT of the sinus revealed long-term changes in the
right ethmoidal sinuses and minimal, new-onset changes in the maxillary sinuses. The
patient was treated empirically with amoxicillin-clavulanate for sinusitis, without
improvement in his symptoms. Gemfibrozil, furosemide, and atenolol were discontin-
ued, but the eosinophil count remained elevated.

The triad of asthma, sinus disease, and marked eosinophilia is very suggestive of the
Churg-Strauss syndrome. The test for ANCA is positive in 50 to 70 percent of cases, and a
negative test thus does not rule out the diagnosis. The elevated erythrocyte sedimentation
rate would also be compatible with the presence of this syndrome. Other possible diagno-
ses include allergic bronchopulmonary aspergillosis, eosinophilic pneumonia, hypersen-
sitivity pneumonitis, cancer, and helminthic infection. However, the chest CT did not
show central bronchiectasis (as is often seen in patients with allergic bronchopulmonary
aspergillosis), infiltrates, or interstitial changes. I would ask the patient about his travel
history to assess the risk of infections and inflammatory lung diseases associated with
nonnative pathogens.

The patient reported no history of sputum plugs. He noted that he had lived in Asia for six
years in the 1960s. Skin tests revealed minimal reactions to typical allergens, and a sero-
logic test for aspergillus-specific antibodies was negative. Stool specimens were negative
for ova and parasites, as was a serologic test for antibodies against strongyloides. The
findings on endoscopy, sigmoidoscopy, and CT of the abdomen were unremarkable.
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COMMENTARY

The patient’s presentation, which ultimately proved consistent with the presence of the
Churg-Strauss syndrome, illustrates some of the difficulties in recognizing this condi-
tion. When the patient was first seen, his dyspnea appeared to be due to adult-onset
asthma; this impression was supported by the documentation of partially reversible air-
flow obstruction on pulmonary-function testing. He had sinusitis, which can accompany
asthma as well as the Churg—Strauss syndrome. In retrospect, clues to his evolving Churg-
Strauss syndrome included the increasing level of eosinophilia and episodes of pruritic
skin lesions that were responsive to corticosteroid therapy. In combination with his
increasing dyspnea, the findings of profound eosinophilia and a markedly elevated eryth-
rocyte sedimentation rate? distinguished his illness from usual asthma. The prominent
eosinophilic infiltrates of the skin, lung, and pericardium confirmed the presence of a
systemic eosinophilic syndrome.

The Churg-Strauss syndrome is a rare disease, occurring in an estimated two to four
patients per million patient-years.2:3 Since most affected patients have asthma, patients
who present with asthma and marked eosinophilia may have underlying Churg—Strauss
syndrome and the syndrome may be unmasked when the dose of prednisone used for
asthma is reduced. This may be why the Churg-Strauss syndrome is diagnosed in some
patients who are receiving inhaled corticosteroids or leukotriene antagonists.2 Whether
leukotriene inhibitors cause the syndrome remains uncertain.2

Though its presentation can be quite variable, the Churg—Strauss syndrome is often a
triphasic illness.! The phases consist of allergic rhinitis and asthma of variable severity
(often developing in adulthood); eosinophilia and infiltration of tissue by eosinophils;
and potentially life-threatening vasculitis that may involve multiple organs but often
includes the skin, lungs, heart, gastrointestinal tract, and nervous system.

The Churg—Strauss syndrome remains primarily a clinical rather than a pathological
diagnosis. Six features* — asthma, more than 10 percent eosinophils in blood, mononeu-
ropathy or polyneuropathy, nonfixed pulmonary infiltrates, abnormalities of the paranasal
sinuses, and extravascular eosinophils — are commonly present.! However, the diagnostic
usefulness of these features has been validated only in patients with documented vasculitis;
hence, they should be considered as guides for clinicians rather than rigid criteria.

Of the diseases that are characterized by eosinophilia, the hypereosinophilic syndrome
is also consistent with some aspects of this patient’s presentation. The hypereosinophilic
syndrome is uncommon and is not a single disorder, but rather includes many distinct, as
yet largely idiopathic, clinical entities associated with eosinophilia. Consequently, the
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Where Are You From?

KEVIN C. KATZ, M.D., SHARON L. WALMSLEY, M.D.,
ANNE G. MCLEOD, M.D., JAY S. KEYSTONE, M.D.,

AND ALLAN S, DETSKY, M.D., PH.D.
A 54-year-old man of Guyanese origin with human immunodeficiency virus (HIV)
infection was hospitalized in Toronto with a one-week history of low-grade fever
(temperature, <38°C). He had had a temperature of 38.5°C on each of the two days preced-
ing hospitalization, in association with rigors.

The combination of fever, HIV infection, and the patient’s country of origin evokes a broad
range of differential diagnoses. I would be most concerned about conditions related to his
HIV infection. Opportunistic infections obviously come to mind, but non-Hodgkin’s lym-
phoma or a drug reaction (such as sulfonamide hypersensitivity) may also cause fever. The
patient’s history of emigration from Guyana suggests the possibility of tuberculosis,
malaria, and other tropical diseases.

At this point I would want to know whether he has any localizing symptoms. It would
also be important to know the CD4 cell count, the HIV viral load, and whether he is taking
antiretroviral medications and other agents for prophylaxis against opportunistic infec-
tions. [ wonder when he was last in Guyana.

The patient’s only localizing symptom was a two-month history of loose bowel move-
ments (two to three per day) with no blood or mucus. There was no history of weight loss,
night sweats, rash, headache, shortness of breath, cough, neck stiffness, or joint pain. He
had not had abdominal pain, nausea, or vomiting.

The HIV infection was diagnosed in 1995 and was most likely acquired through unpro-
tected anal intercourse. The CD4 cell count was 80 per cubic millimeter three months
before presentation, and the viral load was undetectable. The patient had been receiving
highly active antiretroviral therapy since 1996.

His history of two to three loose bowel movements per day may indicate the presence of
infectious diarrhea. Infection with giardia and Entamoeba histolytica can occur at any stage
of HIV infection. With a CD4 cell count of less than 100 per cubic millimeter, he is at risk
for water- or food-borne infections with agents such as cryptosporidia, cyclospora, Isos-
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pora belli, and microsporidia. Disseminated mycobacterial infection and cytomegalovirus
infection are less likely, since they tend to occur when the CD4 cell count is less than 50 per
cubic millimeter. His diarrhea might alternatively be related to medications or other non-
infectious causes. In many patients with advanced HIV disease and diarrhea, the cause of
diarrhea is never determined.

The low CD4 cell count also arouses concern that Pneumocystis carinii infection is the
cause of fever, but the absence of respiratory symptoms makes this possibility less likely.
Toxoplasmosis and cryptococcosis are also unlikely, since the patient has no headache or
other neurologic symptoms.

The patient had no history of opportunistic infections or cancer. He did, however, have
chronic anemia, which required intermittent transfusions, and a history of thrombocyto-
penia dating back at least five years that was associated with frequent nosebleeds. He had
received prednisone for the thrombocytopenia but had not taken this medication for the
past six months.

Chronic anemia and thrombocytopenia are common in patients with HIV disease. The
medications that the patient is taking for HIV might contribute to these conditions, but
his thrombocytopenia, at least, appears to have begun before these medications were
started. Opportunistic infections, especially those due to histoplasma, Mycobacterium
avium complex, and leishmania, can also suppress bone marrow function.

The patient had moved from Guyana to Canada 15 years earlier but had visited Guyana in
1995. He had no known exposure to tuberculosis or hepatitis and no history of recent
travel.

Given the long interval since he was last in Guyana, any infection acquired there would
need to have a long latency period. Tuberculosis is the first disease that comes to mind,
given its frequency and the high risk of reactivation in a patient with HIV infection. In
people who have been repeatedly infected, falciparum malaria can present up to three
years after the acquisition of the infection. Plasmodium vivax, P. ovale, and P. malariae often
have a longer period of latency and cause an illness that is less severe. Leishmaniasis usu-
ally has an incubation period of three to eight months but, in some cases, may remain
dormant for years. Melioidosis, caused by infection with Burkholderia pseudomallei, has been
described in Guyana. It has been termed the “Vietnamese time bomb” because it has
occurred in war veterans more than two decades after their return from Vietnam. Other
diseases that occur in Guyana and have long latency periods are schistosomiasis, trichino-
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sis, and bancroftian filariasis. Chronic schistosomiasis can first be manifested by anemia
and thrombocytopenia relating to hypersplenism and portal hypertension. Trichinosis
trequently produces subclinical infections, but late presentations often include muscle
aches, cardiac symptoms, and eye disturbances that are absent in this patient. Although
filariasis is frequent in Guyana, fever without lymphangitis would be a very unusual pre-
sentation of this infection.

At this point, I would perform a physical examination to look for findings suggestive of
the presence of one of these infections or other diseases.
The patient had a blood pressure of 150/90 mm Hg, a pulse of 90, a respiratory rate of 24
breaths per minute, and a temperature of 38.7°C. His conjunctivae were pale but anicteric.
His neck was supple, and there was no evidence of lymphadenopathy. Jugular venous pres-
sure was elevated, at 7 cm of water above the sternal angle, and S, and S, were normal.
Lung examination revealed bibasilar crackles. There was no clubbing. The liver span was
14 cm, and the spleen was palpable below the umbilicus. Digital rectal examination was
negative for blood.

The presence of massive splenomegaly focuses the diagnostic possibilities. Hepatospleno-
megaly has multiple causes, but splenomegaly that extends below the umbilicus is uncom-
mon and greatly reduces the possibilities. Possible neoplastic causes, unrelated to HIV
infection, include chronic myelogenous leukemia, myelofibrosis, and lymphoproliferative
disorders, especially hairy-cell leukemia. Gaucher’s disease might present this late in life
in the form of massive splenomegaly, although this condition is less likely given the
patient's other clinical features. I would focus on infectious causes. Tuberculosis, malaria,
and schistosomiasis can cause splenomegaly. Visceral leishmaniasis, or kala-azar, and
infection with M. avium complex are other possibilities that cause particular concern,
given this patient’s immunocompromised state. I would obtain a complete blood count,
routine chemical analyses, and three blood films to look for parasites. An abdominal
imaging study should also be performed.

The patient’s white-cell count was 2200 per cubic millimeter (1500 neutrophils and 400
lymphocytes per cubic millimeter), the hemoglobin level was 80 g per liter, and the plate-
let count was 32,000 per cubic millimeter. The reticulocyte count was 1 percent. The serum
creatinine level was 1.2 mg per deciliter (104 umol per liter), and the blood urea nitrogen
level was 21 mg per deciliter (7.6 mmol per liter). The results of liver-function tests were
normal. A chest x-ray film showed cardiomegaly and mild interstitial edema. Tests for
hepatitis B and C viruses were negative.
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findings (in particular chronic HIV infection and a remote history of travel to Guyana) led
the consultant to consider this possibility early, averting many unnecessary tests.

This case emphasizes that unexplained symptoms or signs in patients who have emi-
grated from or traveled to a developing country may be related to an infectious agent
acquired there many years earlier. This possibility is a particular concern in immunocom-

promised patients.
Presented as part of the Summer Case Series at Mount Singi Hospital, Toronto.
Weare indebted to Dr. Andrew Morris, the patient’s attending physician, for bringing this case report to our attention.

This article first appeared in the March 7, 2002, issue of the New England Journal of Medicine.
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Diagnosis Still in Question

ASHISH K. JHA, M.D., HAROLD R. COLLARD, M.D.,

AND LAWRENCE M. TIERNEY, M.D.
A 59-year-old banker was referred for the evaluation of fevers that had started three weeks
earlier, shortly after his arrival in western Texas on business. The fevers were associated
with dyspnea on exertion. A physician prescribed an inhaled beta-agonist and clarithro-
mycin, which had no effect. The patient’s fevers worsened, as did the dyspnea on exertion.
A nonproductive cough, a sore throat, a nonpruritic erythematous rash over his trunk, and
right-sided pleurisy developed. Another physician prescribed levofloxacin.

Many diagnoses might explain these symptoms. Coccidioidomycosis is endemic in some
sarts of far western Texas. Exertional dyspnea can occur with this disorder and would not
-espond to the treatment administered. The subsequent events are less in keeping with
-his disease, and other causes of pleuritic chest pain should be considered, as well as con-
Zitions causing fever and rash. Toxicogenic strains of streptococcus, staphylococcus, and
Arare cases, pneumococcus are all possible causes. I would determine whether the patient
1ad risk factors for pulmonary emboli and whether he had had chills or associated joint
svmptoms. More information is needed.

The patient was admitted for the evaluation of fever of unknown origin in association with
aight sweats, rigors, and myalgias. His chest pain and cough had resolved, and the dys-
snea was decreased. The patient lived on a ranch in the San Joaquin Valley in California.
He enjoyed pitching hay and cleaning his barn, which housed cows, pigs, and horses, and
also had mice. He had recently visited Idaho on a fishing trip. He had borderline hyperten-
sion, took no regular medications, and had no drug allergies. He occasionally drank alco-
20l but did not smoke cigarettes or use illicit drugs.

\ight sweats and rigors are the physiological adaptations to rapidly changing body tem-
seratures. The patient’s dyspnea had resolved, so a community-acquired pneumonia could
zave been responsible. His unusual history, including the site of his home, exposure to
:nimals, and history of travel suggest other possibilities. Living in the San Joaquin Valley,
=e would have been exposed to coccidioidomycosis. Pitching hay suggests the possibility
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of hypersensitivity pneumonitis due to thermophilic actinomycetes. The mouse-infested
barn could harbor many pathogens, including leptospira, which is ordinarily transmitted
by contact with rat urine. Though these possibilities should be included in the broad dif-
ferential diagnosis, I would proceed in a different direction and evaluate the high, spiking
fever. The disappearance of pleurisy may indicate that a pleural effusion has developed. |
would think broadly about the likelihood of cancer, autoimmune disease, and infection in
particular. The findings on the physical examination should be helpful.

The temperature was 39.2°C, the blood pressure was 135/99 mm Hg, the heart rate was 98
beats per minute, the respiratory rate was 16, and the oxygen saturation was 97 percent
while the patient was breathing room air. His neck was supple, his conjunctivae and fundi
were normal, his oropharynx was erythematous without an exudate, and his teeth were in
good condition. Bilateral, small, rubbery inguinal lymph nodes were palpable. The chest,
cardiovascular, abdominal, and genitourinary examinations revealed no abnormalities. A
stool specimen was negative for blood. The patient had an erythematous maculopapular
eruption on his trunk, which was more pronounced with fever spikes. He also had an ery-
thematous, nontender nodule measuring 5 by 5 mm on the palmar aspect of the distal
phalanx of the second digit of his left hand. The results of the neurologic examination
were normal.

The electrocardiogram and chest x-ray film were unremarkable. The white-cell count
was 31,500 per cubic millimeter, with 29,200 neutrophils per cubic millimeter; the hema-
tocrit was 37 percent; and the platelet count was 265,000 per cubic millimeter. The electro-
lyte levels were normal. The following laboratory values were obtained: aspartate amino-
transferase, 96 U per liter; alanine aminotransferase, 64 U per liter; alkaline phosphatase,
154 U per liter; total bilirubin, 0.8 mg per deciliter (14 umol per liter); lactate dehydroge-
nase, 314 U per liter; creatine kinase, 28 U per liter; and erythrocyte sedimentation rate,
125 mm per hour. The results of urinalysis were normal.

There is no mention of systemic toxicity. Plague occurs in western Texas, and affected
persons appear severely ill. The phalangeal nodule might be the site of inoculation, but
there is no evidence of lymphadenopathy, as would be expected with plague. A herpetic
whitlow may have a similar appearance, and patients with primary herpes simplex infec-
tion typically appear ill, but marked leukocytosis is unusual. A truncal rash in a patient
with a hectic fever (i.e., characterized by a daily spike in the temperature) suggests the
possibility of adult Still's disease, but this is a diagnosis of exclusion. Given the patient’s
history of living on a ranch, Nocardia brasiliensis infection should be considered. This infec-
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:ion causes an ascending lymphangitis proximal to the point of inoculation but does not
:ause systemic symptoms such as those of this patient. I would consider a systemic condi-
:ion to be a more likely cause. The initial studies should include blood cultures, a biopsy of
‘he digital lesion, and perhaps serologic tests for hepatitis, although only infection with
~epatitis A virus causes such striking fever. Tests for human immunodeficiency virus type
1 (HIV-1) and infectious mononucleosis are reasonable. Radiographic studies such as
:omputed tomography (CT) are unlikely to be helpful.

The levofloxacin was discontinued, and multiple blood cultures were obtained. The cul-
tures remained sterile at seven days. Tests were negative for antibody against HIV-1; het-
erophil antibodies; hepatitis A, B, and C viruses; cold agglutinins; IgG antibodies against
coccidioides; IgM and IgG antibodies against Coxiella burnetii and Borrelia burgdorferi; inti-
auclear antibodies; and rheumatoid factor. A Venereal Disease Research Laboratory test
was nonreactive. Serum and urine protein electrophoreses did not reveal monoclonal
gammopathy. Histoplasma antigen was undetectable in urine. A biopsy of the skin lesion
disclosed granuloma annulare, and cultures of the lesion remained negative. An abdomi-
nal CT scan showed thickening of the ascending colon but no other abnormalities. Colo-
noscopy was performed, and random biopsy specimens were obtained.

_am not sure that all these studies were needed, but it was prudent to obtain blood cultures
ifter discontinuing antibiotics. The absence of growth after seven days of culture does not
:xclude an indolent case of endocarditis. Infections with HIV-1, cytomegalovirus, and
zpstein—Barr virus seem unlikely. The absence of 1gG antibodies against coccidioides
adicates a lack of immunity, making coccidioidomycosis a distinct possibility. Q fever is
-ossible given the patient’s exposure to animals, but he would need to have had direct
sontact with sheep to make this illness a serious consideration. Moreover, in this disorder,
-1sh does not usually occur in conjunction with fever. An autoimmune disorder other than
adult Still’s disease remains possible. Though systemic lupus erythematosus can cause
“=vers, the absence of other features of lupus, such as antinuclear antibodies, makes this
-ondition unlikely. The finding of granuloma annulare on biopsy is interesting because
-ze histologic appearance of this lesion is similar to that of vasculitis and the lesion can
ippear to be identical to a rheumatoid nodule. However, this benign, self-limited derma-
-3sis is often found in patients with diabetes mellitus and would not account for the sys-
-2mic symptomes. If the thickening of the ascending colon on the CT scan is a legitimate
~ading, other conditions should also be considered. Typhoid fever usually causes leuko-
zenia, not leukocytosis, unless there is perforation. Ameboma of the cecum is found
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sporadically throughout the United States, but it is more likely to form a mass than ar.
area of thickening. Mycobacterium tuberculosis infection is possible. Inflammatory bowe:
disease, especially Crohn’s disease, can cause fevers. Cancer, chronic infection, and auto-
immune disease still remain in the picture. I would next look for IgM antibodies agains:
coccidioides.

The patient had daily, nocturnal temperature elevations up to 40.3°C but was otherwise
afebrile. The rash persisted but did not spread. The results of colonic biopsy were negative.
On the fourth day of hospitalization, the patient reported right-knee pain. On exami-
nation, the knee was warm and erythematous and had a normal range of motion. Joint
aspiration yielded 30 ml of straw-colored fluid, with a white-cell count 0f 30,450 per cubic
millimeter (87 percent neutrophils) . The results of Gram’s staining and polarizing micros-
copy were normal. Fluid was sent for bacterial, fungal, and mycobacterial cultures.

Sequential observation of a patient often narrows the differential diagnosis. The develop-
ment of arthritis of the knee, in addition to the fever and rash, suggests various possibili-
ties. In rare cases, gout causes high fever, but fever is present at the onset of illness. Adult
Still’s disease remains a strong possibility, but again, this diagnosis is one of exclusion:
the development of arthritis well into the course of the illness is characteristic, although
the patient's age of 59 years is rather advanced for this disorder. Tuberculosis remains a
concern. The third most common site of tuberculous infection is skeletal, and the knee is
typically involved. Pulmonary disease is encountered in half of such cases. Tuberculous
arthritis has an indolent course, however, and the onset of arthritis in this patient was
relatively soon in the course of his disease. I would consider performing both a synovial
biopsy to look for granuloma and a skin test with purified protein derivative; this test is
generally positive in patients with tuberculous arthritis. [ doubt that septic arthritis is the
cause, because the synovial-fluid white-cell count is typically higher than 30,000 per
cubic millimeter in affected patients, and it should not appear five days after hospitali-
zation, unless bacteremia was caused by a diagnostic procedure.

The knee pain improved within 48 hours. Bacterial and fungal cultures of synovial fluid
were negative. The serum ferritin level was 23,200 ng per milliliter on the fifth day of hos-
pitalization. Indomethacin therapy was initiated, and the fevers decreased (maximal tem-
perature, 38°C), the white-cell count fell to 12,000 per cubic millimeter, and the patient
felt better. He was discharged with a presumptive diagnosis of StilP’s disease.
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The improvement without antituberculosis therapy and in response to indomethacin is
surely in keeping with a diagnosis of adult Still’s disease. Much has been made of the dra-
matic elevation of serum ferritin levels in this disorder, but this abnormality may be pres-
entin many chronic inflammatory illnesses. I would still be concerned about the possibil-
ity of tuberculosis or even coccidioidomycosis, but at this point I would pursue these
further only if the test for [gM antibodies against coccidioides was positive or if fever
recurred.

The patient returned for a follow - up visit four weeks after discharge. Cultures of synovial
fluid were negative for mycobacteria, and the dose of indomethacin was decreased. His
fevers had ceased, other symptoms had abated, and his condition was markedly improved.
He returned to his primary physician for ongoing care.

COMMENTARY

The lack of a specific diagnostic test for and specific features of Still’s disease, as well as
its relative infrequency, makes this diagnosis challenging. The classic triad of Still’s dis-
ease is fever, oligoarticular arthritis, and an evanescent salmon- colored rash (which typi-
cally appears with the fever spikes),1-2 although the rash is persistent in up to one third of
patients.3 A sore throat is characteristic, and elevated ferritin levels, leukocyte counts,
liver-enzyme levels, and erythrocyte sedimentation rates are common. Still’s disease typ-
ically occurs in patients younger than 35 years of age, but it has been described in older
adults. Men and women are affected in equal proportions. Treatment consists of nonste-
roidal antiinflammatory drugs, though corticosteroids are also effective.# The condition
of many patients improves spontaneously, but long-term symptoms, especially articular
symptoms, are not uncommon.>

When a diagnosis is not readily apparent, a surfeit of symptoms can become distract-
ing. The discussant considered some unusual conditions on the basis of the patient’s
potential exposure to certain agents. However, he focused on the common causes of the
main finding — fever of unknown origin.

When can a patient be classified as having fever of unknown origin? In 1961, Petersdorf
and Beeson® defined fever of unknown origin as the finding of a body temperature of
more than 38.3°C on several occasions over a period of more than three weeks, whose
cause remains uncertain after one week of in-hospital investigation. Today, the require-
ment for hospitalization has been replaced by the completion of an aggressive evaluation.”
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Fever of unknown origin is due to infection in 30 to 50 percent of cases, to cancer in 25 to
30 percent, and to autoimmune disease in 15 to 25 percent.®-12 Drug fever remains an
important, underrecognized cause.1® The incidence of cancer as a cause has declined in
recentyears, probably as a result of improved methods of detection.?! Although many phy-
sicians reflexively order multiple tests when they are dealing with a patient with a fever of
unknown origin, a delay in diagnosis rarely jeopardizes the patient’s condition, and a
more measured approach is justified except in suspected cases of intraabdominal abscess,
miliary tuberculosis, disseminated fungal infections, or recu rrent pulmonary emboli, all
of which can be rapidly fatal if left undiagnosed.©

The approach to the patient with a fever of unknown origin should be individualized.
After the history-taking and physical examination, simple laboratory studies, chest radi-
ography, and blood cultures are warranted. When the fever is hectic, active tuberculosis or
other systemic inflammatory conditions should be considered. Ordering multiple addi-
tional diagnostic tests and abdominal CT scans in patients at low risk for the conditions
these studies evaluate increases the chance of false positive results. In this case, the
abdominal CT scan revealed a thickened ascending colon, which turned out to be a red
herring.

When life-threatening conditions are deemed unlikely, a sensible approach to diagno-
sis is to permit the disease to reveal itself. The appearance of monoarticular arthritis led
to the more serious consideration of Still’s disease and tuberculosis. The extreme eleva-
tion in serum ferritin levels — although nonspecific — further suggested the diagnosis of
Still's disease.13 Because the diagnosis of Still's disease is one of exclusion, careful follow-
up is indicated to confirm the clinical impression and the response to therapy.

Clinicians organize information into recognizable patterns and then find a diagnosis
that can explain these patterns. By keeping the differential diagnosis broad and by following
the patient’s clinical trail, the discussant was able to arrive at the most likely diagnosis.

We are indebted to Dr. Tom Baudendistel for assistance with data collection.

This article first appeared in the June 6, 2002, issue of the New England Journal of Medicine.
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The Unusual Suspect

SANDRA BLISS, M.D., STEVEN WEINBERGER, M.D.,, MARK MEIER, M.D,,

AND SANJAY SAINT, M.D., M.P.H.

A previously healthy 17-year-old boy awoke with left-sided pleuritic chest pain. He also
noticed mild dyspnea on exertion during track-and-field practice but reported no sputum
production, fever, chills, or recent trauma.

Pleuritic chest pain reflects inflammation, irritation, or stretching of sensory- nerve fibers
in the parietal pleura. Often, the process primarily involves the pleura, as in the case of
pneumothorax, a pleural inflammatory or infectious process, or a tumor with pleural
involvement. Alternatively, pleuritic pain can result from a pulmonary parenchymal pro-
cess that extends to the visceral pleural surface and secondarily involves the parietal
pleura, especially in the case of pneumonia or pulmonary embolus. The acute onset of
pleuritic chest pain in an otherwise healthy teenager suggests spontaneous pneumotho-
rax or the relatively acute onset of pneumonia, although the absence of fever, chills, or
sputum production makes the latter diagnosis less likely.

The patient was evaluated by his primary care provider and told that chest radiography
revealed a dislocated rib but was otherwise normal. Over the course of the next four
months, progressive exertional dyspnea developed; dyspnea then occurred when the
patient was at rest and was accompanied by three-pillow orthopnea.

[ am uncertain what is meant by a “dislocated rib” and would explore the rib finding to
confirm whether an abnormality is really present. Progressive dyspnea has become the
predominant symptom, and its severity and progression are quite striking. Pulmonary
disorders that might progress at this rate include pulmonary parenchymal disease (a broad
spectrum, ranging from disseminated tumor to pulmonary alveolar proteinosis and
Goodpasture’s syndrome), airway disease (e.g., asthma or obliterative bronchiolitis), or
pulmonary vascular disease (e.g., primary pulmonary hypertension or occult thromboem-
bolic disease). The presence of orthopnea raises the possibility of underlying cardiac dis-
ease associated with high left atrial pressure, as might be seen with mitral-valve disease or
a cardiomyopathy.
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On the day of admission to his local hospital, the patient had lightheadedness on standing
that was followed by an episode of syncope when he was leaving the bathroom. At the time
ofhospital admission, he also reported having had an intermittent dry cough for two years
with occasional hemoptysis and was noted to have lost 9 kg (20 Ib) over a period of several
months.

Lightheadedness and syncope are not typical symptoms of either pulmonary parenchymal
disease or airway disease. Rather, I would lean toward either pulmonary vascular or car-
diac disease, leading to obstruction of forward flow, diminished cardiac output, and
impaired systemic perfusion. The intermittent dry cough and hemoptysis are more sug-
gestive of pulmonary vascular than cardiac pathology, with the possible exceptions of
mitral stenosis or a disorder mimicking mitral stenosis (such as cor triatriatum or left
atrial myxoma). Although it is uncommon, any primary pulmonary vascular disorder
associated with pulmonary hypertension could produce this constellation of symptoms,
including chronic (or recurrent) pulmonary thromboembolism, tumor embolism, pri-
mary pulmonary hypertension, pulmonary venoocclusive disease, or mediastinal fibrosis
producing pulmonary venous obstruction, pulmonary arterial obstruction, or both. The
coexistence of orthopnea with the other symptoms suggests a postcapillary rather than
precapillary origin of pulmonary hypertension and might therefore favor a diagnosis
of pulmonary venoocclusive disease or mediastinal fibrosis with pulmonary venous
obstruction.

The patient was not receiving any medications and indicated that he did not use tobacco or
recreational drugs. He reported occasional alcohol use. He had not received a blood trans-
fusion and said he had not engaged in sexual activity. He lived on a farm in Michigan with
his mother and brother. He was a junior in high school, played football, and competed in
the discus throw for the track-and-field team. His great-aunt had had a pulmonary embo-
lism at 40 years of age.

The patient’s temperature was 36.7°C, his heart rate was 110 beats per minute, his
respiratory rate was 24 per minute, his blood pressure was 101/67 mm Hg, and his oxygen
saturation was 88 percent while he was breathing room air. He had an athletic build and
appeared to be in no acute distress. On cardiovascular examination, he was noted to have
tachycardia, with a prominent S,. He had no murmurs and no jugular venous distention.
His lungs were clear bilaterally, and he had no clubbing. The remainder of the physical
examination was normal.
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“=e physical examination is helpful, with major findings being abnormal vital signs
scompanied by a prominent S,. This pattern of findings is consistent with pulmonary
-.pertension, although there are no other findings on examination to suggest a specific
-z1se. However, additional historical information provides some tantalizing clues. Causes
-.ated to drugs or the human immunodeficiency virus seem unlikely. Residence on a farm
= the Midwest raises the specter of either chronic hypersensitivity pneumonitis or histo-
susmosis (a potential cause of fibrosing mediastinitis). Although a great-aunt is a rather
-_stant relative, the possibility of one of the inherited thrombophilias should also be con-
-Gered. i

In addition to basic laboratory tests, I would initially order chest radiography, pulmo-
-arv-function tests, electrocardiography, and echocardiography. He will also need com-
~uted tomography (CT) of the chest — preferably CT angiography that would allow us not
-alv to view his pulmonary parenchyma, but also to assess his pulmonary vessels and the
-ussibility of subclinical, recurrent thromboembolism.

The white-cell count was 8100 per cubic millimeter, the hematocrit 47 percent, the platelet
-ount 288,000 per cubic millimeter, the partial-thromboplastin time 39 seconds (normal
-ange, 19 to 30), and the international normalized ratio for the prothrombin time 1.6. The
serum aspartate aminotransferase level was 35 U per liter, the serum alanine aminotrans-
serase level 81 U per liter, and the serum albumin level 3.3 g per deciliter. Electrocardiog-
-aphy revealed a pattern of right ventricular strain, and chest radiography demonstrated
mild cardiomegaly and clear lung fields. Surface echocardiography suggested pulmonary
avpertension, with an estimated right ventricular systolic pressure of 76 mm Hg, right
sentricular enlargement, diminished right ventricular function, and slightly diminished
wft ventricular function.

“he echocardiogram confirms the presence of pulmonary hypertension. The demonstra-
-ion of clear lung fields on chest radiography and the absence of substantial cardiac path-
slogy suggest that we should focus on primary pulmonary vascular disease. The differen-
:ial diagnosis now revolves around precapillary and postcapillary forms of pulmonary
avpertension. The presence of orthopnea is suggestive of a postcapillary form of pulmo-
aary hypertension (such as pulmonary venoocclusive disease), whereas the finding of
:lear lung fields on chest radiography is suggestive of a precapillary origin (such as pri-
mary pulmonary hypertension or recurrent thromboembolic disease). The patient also
aas mildly abnormal results on coagulation studies that are currently unexplained and
:hat warrant further characterization.
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A spiral CT scan of the chest demonstrated multiple acute pulmonary emboli in the pos-
terobasilar and anterior segments of the right lower lobe and left upper lobe, a nonocclu-
sive thrombus in the left upper lobe, and prominent pulmonary arteries.

The spiral CT scan confirms the presence of thromboembolic disease as the cause of pul-
monary hypertension. In the absence of any underlying reason for thrombosis in the arms
or abdomen, large veins of the legs are the likely source of thromboemboli. Pulmonary
emboli are quite unusual in adolescents and, in the absence of trauma or pregnancy, sug-
gest an underlying thrombophilic state. Apart from antiphospholipid antibodies (of the
lupus-anticoagulant type), inherited or acquired thrombophilic states generally are not
associated with prolongation of either the prothrombin time or the partial-thromboplastin
time. Because both are slightly prolonged, I would consider the possibility that a lupus
anticoagulant is present. Although the lupus-anticoagulant phenomenon traditionally
causes prolongation only of the partial-thromboplastin time, the prothrombin time may
also be affected in some cases.

CT scans of the head, abdomen, and pelvis did not reveal evidence of cancer. Doppler ultra-
sonography of the veins in the arms and legs did not reveal thrombus. An evaluation for
hypercoagulability (including measurement of the level or activity of protein C, protein S,
antithrombin 111, plasminogen, fibrinogen, heparin cofactor 11, and homacysteine), gene
analysis for factor V Leiden, prothrombin gene 20210, and methylenetetrahydrofolate
reductase mutations, and immunologic analysis for antinuclear antibodies, anticardio-
lipin antibodies, and lupus anticoagulant were negative.

Heparin therapy was initiated, and the patient also received thrombolytic therapy with
reteplase. He was transferred to the pediatric intensive care unit at a tertiary care hospital
for further evaluation of the cause of pulmonary emboli.

When dealing with an unusual case of pulmonary embolic disease, the clinician is faced
with two issues: where are the clots coming from, and is there any predisposition to clot
formation? In this case, the usual suspects have been rounded up, but none of them has yet
been proved guilty. Even though the ultrasonographic examination of the arms and legs
was negative, it is still possible that the arms or, more likely, the legs were the source of the
emboli but that all identifiable clots had already embolized. Alternatively, ultrasonogra-
phy could have missed a clot that was either too proximal or too distal to be detected, or a
clot could still be originating from an intraabdominal source or from the right atrium or
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tributed to the death. This inspection is conducted with even greater scrutiny when t=
death was, at least in theory, preventable.

A possible misstep in this case was the delay in suspecting and confirming the diagn:-
sis of pulmonary thromboembolic disease. Four months elapsed from the time the patie=
first sought medical attention for pleuritic chest pain to the hospital admission leading :-
appropriate studies and interventions. Many adolescents, especially boys, are reluctant ::
seek medical attention; often, our only interactions with members of this population com:
when physical examinations are required for participation in sports or school enrollmen:
Male adolescents may be more stoic than other patients and less likely to report symp-
toms; in addition, they may have an inflated sense of their own invincibility. This patien:
however, sought medical attention early in the course of his illness, and therefore the dela:
in diagnosis cannot be attributed to procrastination in seeking care.

The physical examination may have been misleading. The patient was noted to have nc
jugular venous distention even at a time when his right ventricular and pulmonary arteria:
pressures were markedly elevated. Clinical assessment of jugular venous pressure is noto-
riously poor. In three studies comparing the prediction by physicians of central venous
pressure with simultaneous pressure measurements obtained with an indwelling centra.
venous catheter, the overall accuracy was only 56 percent.! Connors and colleagues
reported a sensitivity of 49 percent for the detection of elevated central venous pressure.:
When the clinical assessment is inaccurate, central venous pressure is more frequently
underestimated than overestimated.3

The physician may harbor a presumption that adolescent athletes are healthy. Although
athletic activity may exacerbate or unmask serious conditions such as hypertrophic car-
diomyopathy or asthma, athletic participation is not usually harmful in a healthy teen-
ager. The notion that athletic participation may cause catastrophic illness is foreign to
most of us.

The diagnosis was most likely delayed because a physically robust patient presented
in an atypical fashion with an uncommon disease. Although the incidence of pulmonary
embolism among adults is estimated at 1 in 1000 per year,* it is rare among children
and adolescents. Bernstein and colleagues have estimated that 7.8 per 10,000 hospital
admissions of adolescents or young adults are the result of pulmonary embolism — an
incidence much lower than that among older adults.5 The incidence does appear to be
higher among adolescents than among younger children.® In addition, although the signs
and symptoms of pulmonary embolism are similar in children and adults, adolescents
may present with less dyspnea and tachypnea than adults,? possibly reflecting better phys-
iological tolerance.
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Primary thrombosis of the axillary subclavian vein was described in 1875 by Sir James
"zget and in 1884 by Leopold von Schroetter.® The term “effort thrombosis” was later
-zined to acknowledge the role of unusual exertion of the arms. Paget—Schroetter syn-
—ome usually develops in young, healthy persons with a history of repetitive motion of the
-—ms. Spontaneous thromboses in the arms have been reported in athletes such as golfers,
<otball players, weight lifters, baseball players, wrestlers, tennis players, and cheerlead-
=s. as well as in painters and beauticians.8:® The majority of patients are affected in the
wminant arm. Unlike this athlete, most patients present with symptoms of venous
‘estruction such as pain, swelling, bluish discoloration, and venous co)laterals.1® Non-
«clusive thromboses, as seen in this patient, may not present with local symptoms,
zstead becoming symptomatic only after embolization.?

Repetitive shoulder—arm motion, extrinsic compression of the subclavian vein, and in
<me patients, a hypercoagulable state may contribute to the development of primary
=rombosis of the subclavian vein. Repetitive motion of the shoulder and arm predisposes
-ersons to thrombosis by a number of mechanisms. Lateral abduction of the arm leads to
—mpression of the subclavian vein, causing turbulence or obstruction of flow.%:11 In addi-
won, microscopic intimal damage may occur, stimulating the coagulation cascade. Repet-
—ve motion may also contribute to anatomical stricture of the thoracic outlet through
~pertrophy of the tendon of the subclavian muscle, the anterior scalene muscles, or both.
“rher possible sites of external compression include the first rib, complete or incomplete
~cvical ribs, fibromuscular bands, and callus from old clavicular fracture (Figure 4).12
_7ting of heavy objects may lead to depression of the shoulder, which further narrows the
->stoclavicular space.11 Although most patients with Paget—Schroetter syndrome have
solated vascular compression, some also have classic symptoms of thoracic outlet syn-
come, including paresthesias, numbness, and muscle weakness. Factors associated with
~.percoagulability appear to increase risk; for example, it is hypothesized that exposure
- exogenous estrogen in female athletes predisposes them to this syndrome.1? Further-
zore, patients with an underlying hypercoagulable state may have more refractory throm-
wosis.13 In this patient, the abnormal coagulation results on presentation, the family his-
trv, and the progression of thromboemboli despite adequate anticoagulation all suggest
. superimposed, yet unidentified, thrombophilia.

Historically, treatment of this syndrome consisted of elevation and anticoagulation,
=t long-term complications were common. More recently, catheter-directed thrombo-
~tic therapy followed by decompression of the thoracic outlet has become the standard of
zire.}* The rates of vessel patency and of symptom-free survival approach 100 percent,
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iered whenever a person with repetitive arm motion presents with pulmonary hyperten-
on or thromboembolic disease.

Dr. Saint s supported by a Career Development Award from the Health Services Research and Development Program
¢ the Department of Veterans Affairs and a Patient Safety Development Center Grant (P20-HS11540) from the Agency for
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This article first appeared in the December 5, 2002, issue of the New England Journal of Medicine.
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Easy to See but Hard to Find

BRENDAN M. REILLY, M.D., PETER CLARKE, M.D,,

AND PETROS NIKOLINAKOS, M.D.

A 46-year-old woman from the Philippines with no history of serious medical conditions
was hospitalized with fatigue, body aches, and a weight loss of 4.5 kg (10 Ib) over the
previous three months. She did not have fever, sweats, or a cough and had not recently
traveled outside Chicago. She did not smoke cigarettes or use any drugs. Her family his-
tory was unremarkable.

Physical examination showed no abnormalities except for pallor, orthostatic hypoten-
sion, and moderate tenderness on palpation of the patient’s upper arms, anterior thorax,
and lower spine. The results of laboratory studies were as follows: hemoglobin, 8.0 g per
deciliter; white-cell count, 8500 per cubic millimeter, with a normal differential count;
platelet count, 177,000 per cubic millimeter; mean corpuscular volume, 89 pum’; reticulo-
cyte count, 5.6 percent; blood urea nitrogen, 59 mg per deciliter (21.1 mmol per liter);
creatinine, 2.8 mg per deciliter (247.5 umol per liter); calcium, 13.2 mg per deciliter
(3.3 mmol per liter); phosphate, 3.8 mg per deciliter (1.2 mmol per liter); total protein,
7.5 g per deciliter; and albumin, 4.6 g per deciliter. Liver-function tests, urinalysis, and a
chest radiograph showed no abnormalities.

This patient has several problems, all apparently new: hypercalcemia, anemia, renal fail-
ure, and orthostatic hypotension. There is most likely a single unifying diagnosis to
explain all the findings. Multiple myeloma comes to mind first, despite her age.

Most patients presenting with serum calcium levels of 13 mg per deciliter (3.2 mmol
per liter) or higher have a malignant condition. The anemia and elevated reticulocyte
count might at first glance suggest hemolysis or blood loss, but the reticulocyte-produc-
tion index (calculated by dividing the patient’s hemoglobin value by the normal value,
multiplying the result by the reticulocyte count, and then dividing by 2) is only 1.9, indi-
cating underproduction by the bone marrow. The elevated ratio of blood urea nitrogen to
creatinine and the orthostatic hypotension suggest prerenal azotemia, perhaps as a result
of hypercalcemic diuresis. Obstructive uropathy due to bilateral calculous disease and
myeloma kidney are less likely possibilities.
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calcium level remained high (12.3 mg per deciliter (3.1 mmol per liter]), with an intact
serum parathyroid hormone level of 3.5 pg per milliliter (normal range, 10 to 55).

A skeletal bone survey revealed multiple lytic bone lesions in the axial skeleton, skull,
bilateral ribs, pelvis, both femurs, and both humeri (Figure 1). Compression fractures
were noted in the T12, L2, and L4 vertebral bodies. The patient was given intravenous
pamidronate, and her serum calcium level returned to normal.

The low parathyroid hormone level and the radiographic findings strongly suggest cancer.
Such extensive bone lesions would be most unusual in a patient with hypercalcemia due to
a nonmalignant condition that was unassociated with parathyroid hormone production,
such as sarcoidosis, hyperthyroidism, or the milk-alkali syndrome. The patient’s neuro-
logic status deserves careful attention in view of the spinal lesions. The possibility of
pathologic fractures in her arms and legs should also be considered.

A targeted evaluation for myeloma and metastatic carcinomas commonly associated
with lytic bone metastases (tumors in the breast, lung, and kidney) is warranted now. An
elevated parathyroid hormone-related protein level might argue against myeloma, but
this finding is not entirely specific. A high 1,25-dihydroxyvitamin D level would suggest
lymphoma or granulomatous disease, but these diagnoses seem unlikely.

The findings on bilateral mammography were normal. Computed tomographic (CT)
studies of the neck, thorax, abdomen, and pelvis showed no abnormalities except for the
previously described bone lesions. The results of serum and urinary protein electrophore-
sis and the serum 1,25-dihydroxyvitamin D level were also normal.

Serum was obtained for quantitative immunoglobulin assays, and bone marrow aspi-
ration and biopsy were performed. Pending the results, the patient was discharged from
the hospital while taking oral opiates for pain control, and arrangements were made for
her to be seen in the oncology clinic the following week.

The bone marrow aspirate and biopsy specimen were normal (<3 percent plasma cells).
The IgG level was 822 mg per deciliter (normal range, 694 to 1618), the IgA level was 100 mg
per deciliter (normal range, 68 to 378), and the IgM level was 29 mg per deciliter (normal
range, 77 to 220). At the clinic visit the week after her discharge, the patient reported that her
pain was adequately controlled. Examination revealed mild, diffuse weakness but no focal
neurologic deficit. The serum calcium level was 10.2 mg per deciliter (2.6 mmol per liter).

The normal bone marrow findings and normal results of protein electrophoresis make
the diagnosis of myeloma much less likely. Isolated suppression of the IgM level raises the
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pain was adequately controlled. Examination revealed mild, diffuse weakness but no focal
neurologic deficit. The serum calcium level was 10.2 mg per deciliter (2.6 mmol per liter).

The normal bone marrow findings and normal results of protein electrophoresis make
the diagnosis of myeloma much less likely. Isolated suppression of the IgM level raises the
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question of nonsecretory myeloma, but this disorder is very uncommon, and it is charac-
terized by plasmacytosis in the bone marrow.

The common cancers that cause diffuse lytic bone lesions also seem highly unlikely in
this case. In this regard, thyroid carcinoma also should be considered. Was the thyroid
gland examined carefully? At this point, one could repeat the bone marrow aspiration and
biopsy in search of myeloma, but it seems more prudent to perform a biopsy of an acces-
sible bone lesion.

The results of repeated serum and urinary protein electrophoresis were normal. Repeated
bone marrow aspiration and biopsy revealed no abnormal cells, infiltrates, or fibrosis.
Breast and thyroid examinations by a surgical consultant showed no abnormalities. A
bone scan revealed increased uptake in multiple ribs, the thoracic and lumbar spine, the
sternum, and both scapulae.

Atthis point, a bone biopsy is mandatory. Myeloma or metastatic cancer from an unknown
primary site is the most likely diagnosis, because nonmalignant disorders that cause
widespread bone lesions in adults — granulomatous diseases, mastocytosis, Gaucher’s
disease, and histiocytosis disorders — all seem very unlikely.

The patient was readmitted to the hospital with worsening pain, generalized weakness,
and new dyspnea. Examination revealed a temperature of 40°C; crackles in the lower lung
fields bilaterally; diffuse skeletal tenderness, which was greatest in the right iliac fossa;
and bilateral proximal leg weakness.

The white-cell count was 4700 per cubic millimeter, the hemoglobin level was 6.2 g per
deciliter, the calcium level was 16.3 mg per deciliter (4.1 mmol per liter), the blood urea
nitrogen level was 58 mg per deciliter (20.7 mmol per liter), and the creatinine level was
4.1 mg per deciliter (362.4 ;.mol per liter). A chest radiograph revealed patchy infiltrates
in both lower lung fields. Cultures, a tuberculin skin test, and a repeated serum parathy-
roid hormone test were performed.

The patient was treated with intravenous saline, ceftriaxone and erythromycin, mor-
phine, packed red cells, and pamidronate.

Mycobacterial, fungal, and chronic salmonella infections can cause lytic bone lesions with
lung involvement. However, the extensive nature of the bone lesions, the absence of prior
fever, and the temporal course of the illness make these highly unlikely explanations for
the patient’s entire illness. Cancer, now complicated by pneumonia, remains most likely.
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: serious error to give the patient toxic therapy for myeloma if that diagnosis turned out to
e wrong, and I would not underestimate the suffering the patient might experience by
-—ceiving only presumptive confirmation of such a grave diagnosis.

[ would favor an open biopsy after discussing the options with the patient. There is no
shortage of lesions available in this case, and the risks of a minimally invasive procedure
seem acceptable.

The patient reported increasing weakness in both legs. Neurologic examination revealed
decreased strength diffusely in the legs, with normal deep-tendon reflexes and no sen-
sory deficit or sphincter dysfunction.

Neither the neurologic findings nor the previous MRI studies suggest compression of the
2nidural cord or cauda equina. Nevertheless, given the need for a tissue diagnosis, surgical
zxploration and biopsy of the lesions in the lumbosacral spine seem to be the best option
ztthis 'point.

Surgical laminectomy, foraminectomy, and biopsy of the L4 vertebral body were per-
formed. Histopathological examination of the biopsy specimen revealed diffuse plasma-
cell infiltration (Figure 4). Immunocytochemical staining showed extensive cytoplasmic
staining for kappa immunoglobulin light chains, with no staining for lambda light
chains.

The patient was treated with intravenous dexamethasone and four cycles of vincristine
and doxorubicin. Her pain gradually subsided, and her neurologic function returned to
normal. The pathologic fracture of the humerus healed, and the other bone lesions gradu-
ally improved. The patient is currently awaiting bone marrow transplantation.

COMMENTARY

Patients with nonsecretory myeloma, a rare disease, have undetectable monoclonal immu-
noglobulins in serumandurine, but the clinical findings are otherwise typical of myeloma,
including bone marrow plasmacytosis.! This case is very unusual — an uncommon pre-
sentation of a rare disease. Why, then, did our discussant pursue this particular diagnosis
so doggedly? And why, before the diagnosis was confirmed, did the oncology consultant
recommend (potentially toxic) chemotherapy for myeloma?

In an adult with widespread lytic bone lesions and hypercalcemia that is not mediated
by parathyroid hormone, diagnostic testing for myeloma and metastatic cancer is the
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Table 1. Diagnostic Probabilities and Odds of Myeloma during

the Testing Sequence.”
Probability of
Probability of Nonmyeloma Odds of
Testy Result Myeloma Cancer Myeloma

Posl-test 1: measurement  Negative 031 0.69 5.11
of immunoglobulins

Alidiex::

Post-test 3: bone marrow  Negative§ 0.64 0.36 9:5
biopsy

* The odds is the probability divided by 1 minus the probability. It is assumed that
disorders other than myeloma and nonmyeloma cancer have been excluded from
diagnostic consideration.

1 Tests are considered in sequence, with the post-test probability after each test serv-
ing as the pretest probability for the next test.

1 The negative likelihood ratio — calculated as 1 minus the sensitivity, divided by the
specificity — is 0.05 for myeloma, assuming that the sensitivity of immunoglobulin
studies is 0.95 for myeloma and that the specificity is 0.99 for nonmyeloma cancer.

§ The negative likelihood ratio is 0.05 for nonmyeloma cancer, assuming that the sen-
sitivity of mammography plus computed tomography (of the neck, chest, abdo-
men, and pelvis) is 0.95 for nonmyeloma cancer and that the specificity is 0.99 for
myeloma.

9q The negative likelihood ratio is 0.20 for myeloma, assuming that the sensitivity of
bone marrow aspiration and biopsy is 0.90 for myeloma and that the specificity is
0.50 for nonmyeloma cancer.

-egative likelihood ratio — calculated as 1 minus the sensitivity, divided by the specificity
—0f0.05)3 but also increases the odds of metastatic cancer by the same amount. Normal
maging studies have the opposite effect. As a result, if immunoglobulin and imaging
scudies are negative, the post-test odds of myeloma remain the same as the pretest odds
%1). Normal findings on bone marrow examination change these odds (to 9:5) by
:ecreasing the probability of myeloma relative to metastatic cancer. But nonsecretory
aveloma remains the most likely diagnosis, despite its rarity.

However, does this justify the oncologist’s recommendation to initiate treatment for
sveloma before the diagnosis was confirmed? Even if the pretest probability of myeloma
=xceeded 90 percent (or the low IgM level was considered a positive test for myeloma),
-onventional wisdom holds that treatment of cancer requires definitive proof of the diag-
-osis. The answer depends on the “test—treatment threshold,” the probability of myeloma
:>ove which treatment without further testing is the optimal course of action.* When
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deciding whether to initiate treatment or delay it until further studies have been -~
formed, few clinicians quantify the threshold probability, but most consider its dete—
nants: the risks and accuracy of further testing, the likely benefit of treatment if the ¢ :::
nosis is correct, and the potential harm of treatment if the diagnosis is incorrect.

There are two principal reasons why, as a rule, the test—treatment threshold in pati=—
with suspected cancer is 1.0 (in other words, testing is preferable to treatment unti; -
diagnosis is 100 percent certain). First, tests to diagnose cancer (tissue biopsies) usu: -
have low risk and high accuracy. Second, the potential harm of cancer treatment give: -
a patient without cancer is usually considered so unacceptable that it seems greatly to o
weigh the likely benefit of that treatment given to a patient with cancer.

But this patient’s case is an exception to the rule on both counts. The diagnostic ac:

" racy of bone biopsy has not been well studied, but its sensitivity is certainly less than p=

fect,2 and its risk cannot be discounted in a patient who has had serious complicatic=
from previous biopsies. In addition, the likely benefit of treatment for myeloma if o
patient has myeloma3 outweighs its potential harm if she does not have myeloma. W=:
Because the only other reasonable diagnosis is widely metastatic cancer, in which case :»
patient’s life expectancy is likely to be short no matter how she is treated.2.¢

For these reasons, the test—treatment threshold for this patient was less than 1.0. z
least in terms of life expectancy. From that perspective, the oncologist's unorthodox re:
ommendation to initiate treatment for myeloma before there was definitive proof of t=
diagnosis may make good sense. But, as the discussant noted, it is essential to work wix
the patient in arriving at a final decision. Even when communication between the patiex
and the physician is optimal, some patients will favor unconventional options,’ just
physicians sometimes do.

We are indebted to Arthur Evans, M.D., M.P.H., for his insightful comments about this case.

This article first appeared in the January 2, 2003, issue of the New England Journal of Medicine.
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A Gut Feeling

JESSICA HABERER, M.D., NEIL N. TRIVEDI, M.D.,

:?FREY KOHLWES, M,D., M.P.H., AND LAWRENCE TIERNEY, JR., M.D.

3-year-old man was referred to our hospital because of an 18-kg weight loss over the
re dous six months. Seven months before admission, his house burned down, and insom-
m. anorexia, and anhedonia developed. One month before admission, he began having
irtwse, episodic, dull abdominal pain without radiation, relation to food or position, or
morovement with the use of a proton-pump inhibitor. The patient had several yellow,
aery stools per day. He said he did not have melena, fever, chills, night sweats, or dys-

magia.

“-¢ main issue is involuntary weight loss, and the amount should be verified. Depression

_-derstandable after a fire and is an often-overlooked cause of weight loss. The pres-
= of abdominal pain leads to additional considerations, particularly when the pain is
.~cciated with abnormal bowel habits. Has the patient been using alcohol, which may
.ise recurrent pancreatitis and associated malabsorption? The abdominal pain should
.= trigger consideration of an intraabdominal neoplasm, particularly of the pancreas
= colon. My line of inquiry would focus on features of depression or additional gastro-
mzstinal symptoms suggestive of these diagnoses.

“e patient repeatedly denied being depressed and expressed a desire to resume his usual
merine. He reported having a good appetite but could not maintain his usual weight of
» «g. Initial investigation elsewhere had revealed leukocytosis (white-cell count, 31,000
r= cubic millimeter) and a urinary tract infection that was treated with levofloxacin.
sophagogastroduodenoscopy revealed multiple gastric ulcerations, a hiatal hernia, and
saphagitis. No cancer was detected on biopsy. A colonoscopic examination performed
w3 suboptimal preparation showed left-sided diverticula, The patient was subsequently
amsferred to our hospital for further evaluation.

"z patient has the unusual combination of marked leukocytosis and gastric ulcers. Gas-
-. :lcers, whether benign or malignant, are typically associated with weight loss. Duo-
e~ ulcers classically result in weight gain, because most such ulcers hypersecrete acid
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and produce pain, which is relieved by the buffering effect of food. The negative bicx:
results do not rule out cancer and should be reviewed. The leukocytosis is striking :-
patient with a urinary tract infection, unless the infection is associated with sepsis =
perinephric abscess. Abdominal pain caused by pyelonephritis has resulted in more t=:-
one visit to the operating room. A rare condition, phlegmonous gastritis, is a type of gz-
tric cellulitis with interruption of the gastric mucosa that occurs in poorly nouris==:
patients. Oral flora enters the gastric media, resulting in a thick, nondistensible stomz=
with severe clinical illness. Depression itself may have caused anorexia, stress-rela:=:
ulcers, and subsequent bacterial gastritis, but this is extremely unlikely.

The patient had a history of chronic obstructive pulmonary disease, peptic ulcer disease
mycosis fungoides, and peripheral vascular disease. He said he had not had any pre
vious episodes of pancreatitis. He underwent an aortofemoral bypass and left carotx
endarterectomy in the 1990s. He is a former leather worker without known exposure &
toxic solvents. He had a history of 50 pack-years of smoking and did not consume alcoho.
His medications included lansoprazole, dietary supplements, and levofloxacin.

The history adds complexity to the case. The hypoxemia that results from chronic obstru:-
tive pulmonary disease is associated with a higher incidence of peptic ulcer disease. Tes>
ing for Helicobacter pylori should be performed, and the patient should be asked about t\+
use of over-the-counter nonsteroidal antiinflammatory drugs, since many patients tak:
such drugs without their physician’s knowledge. Mycosis fungoides is a T-cell lymphomz
and its stage should be established before the clinician speculates about visceral involve-
ment. A most promising clue to the diagnosis is the peripheral vascular disease. Ths
patient is a smoker and clearly has aortic atherosclerosis, suggesting another often-over-
looked cause of weight loss — chronic mesenteric ischemia. The absence of the typica.
postprandial discomfort is not unusual. Patients learn to avoid food because it produces
pain and become unaware of their anorexia. A calorie count provides a simple test of this
hypothesis. Calorie counts are underused in the care of inpatients, despite the accurac:
provided by hospital dietitians. The extent of the patient’s vascular disease on examina-
tion will be important.

Next, I would look for cancer. With this degree and rapidity of weight loss, the cause is
usually obvious at first evaluation. Other common causes of profound weight loss, such as
hyperthyroidism, should also be quite apparent.
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The patient was markedly cachectic. His temperature was 36°C (97°F), the blood pressure
sas 116/68 mm Hg, the heart rate was 81 beats per minute, the respiratory rate was 16
seaths per minute, and the oxygen saturation was 96 percent while he was breathing
ambient air. His weight was 46 kg, and his height was 1.67 m. No icterus was present; the
xopharynx was clear. The patient’s neck was supple without bruits or lymphadenopathy
and had a well-healed surgical scar. The cardiopulmonary examination was normal. The
ibdomen was scaphoid with normal bowel sounds but no organomegaly or tenderness.
The patient had guaiac-positive stool and an enlarged, smooth prostate. He had no periph-
=ral edema, distal pulses were faintly present bilaterally, and a well-healed scar was pres-
=t in the right groin. The neurologic examination was normal. Laboratory studies
~vealed a white-cell count of 31,000 per cubic millimeter with 87 percent neutrophils, a
satelet count 0f 647,000 per cubic millimeter, and a hematocrit 0of 42 percent. Electrolytes,
ver-function tests, and amylase and coagulation studies were normal, except for a serum
dbumin concentration of 3.4 g per deciliter. Urinalysis showed 25 to 50 white cells per
1igh-power field and bacteria. A chest radiograph revealed hyperinflated lungs with a
sew 1-cm nodule in the left lower lobe.

T1is patient has lost an extraordinary 30 percent of his body weight. It is unusual for such
: patient to have cancer without focal findings on physical examination. A major excep-
-.an, however, is pancreatic carcinoma. The thrombocytosis is interesting; a review of
.aselected cases suggests that visceral cancer is the most common cause. Chronic infec-
-.on, rheumatoid arthritis, and iron deficiency should also be considered. The marked
zukocytosis without fever or the appearance of infection continues to puzzle me. Chronic
-testinal ischemia becomes more likely as we garner further information. In addition,
- atients with severe chronic obstructive pulmonary disease or end- stage congestive heart
“:ilure may have cachexia, although in such cases, the weight loss generally occurs overa
-eriod of years rather than months.

What to do next? Imaging of the abdomen, which might expose hidden causes of weight
»ss, is appropriate. A periappendiceal or peridiverticular abscess could account for the
-2matologic abnormalities and the weight loss. I would consider repeating upper and
~wer endoscopy to search for cancer, particularly in the stomach, where previous investi-
zation resulted in nonspecific findings.

The patient was treated with levofloxacin for presumed prostatitis, and additional labora-
ory tests were performed on serum. These tests revealed a lactate dehydrogenase concen-
-ration of 157 U per liter, a thyrotropin concentration of 0.57 n.U per milliliter, an erythro-
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through the celiac axis, tight stenosis in the superior mesenteric artery, and flow through
the inferior mesenteric artery only through collaterals (Figure 3).

These findings are exceptional. We must seriously consider an ischemic cause for the
entire picture, particularly in view of the arteriographic findings. The patient is surviving
on a minuscule portion of normal intestinal circulation, and any condition producing vol-
ume depletion could be devastating. He is at great risk for infarction in the distribution of
the superior mesenteric artery because of the lack of patent collateral circulation. Consid-
eration should be given to reconstruction of the superior mesenteric artery, which has met
with some success in patients of this kind.

After evaluating the angiographic findings, the vascular surgeons thought that gastric
ischemia was the likely cause of the patient’s condition. The risks and benefits of revascu-
larization were discussed extensively among the clinicians and with the patient, who
elected to undergo repair of his celiac and superior mesenteric axis by anterograde bypass.
Hettolerated the surgery well and was discharged to his home. Six months later, he reported
that his weight had returned to its base-line level, he could eat a normal diet, and he had
resumed his hobby of fly-fishing.

This case is an excellent example of a rare manifestation of an extremely common disorder
— atherosclerotic vascular disease. Ischemic gastritis is seldom diagnosed, but I believe
there is no other explanation. Certainly, the reconstitution of the patient's weight and
well-being after revascularization suggest that this very unusual combination was respon-
sible for his clinical picture and the endoscopic findings.

COMMENTARY

Physicians should have no difficulty in diagnosing common illnesses. In the case of pro-
found, unintentional weight loss, several conditions must always be considered: cancer,
malabsorptive disorders, psychiatricillness, diabetes, hyperthyroidism, tuberculosis, and
HIV disease.! Early in the evaluation of this patient, the clinicians appropriately ruled out
these conditions with methodical history taking, physical examination, and laboratory
tests.

Uncommon illnesses require a much higher index of suspicion, especially when the
diagnosis is difficult to establish. Although encountered infrequently, chronic intestinal
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ischemia usually presents with postprandial abdominal pain and weight loss. Atheroscle-
rosis of the celiac, superior mesenteric, and inferior mesenteric arteries accounts for the
majority of cases, although other conditions, including vasculitis, fibromuscular dyspla-
sia, radiation injury, and vascular malformations, have been implicated.2 Even if chronic
mesenteric ischemia is suspected, the symptoms associated with this condition may be
attributed to other disorders, such as cancer and chronic pancreatitis.

CT and magnetic resonance angiography can identify atherosclerotic changes and col-
lateral vessels, which suggest the presence of chronic ischemia, and these imaging tech-
niques are associated with fewer complications than traditional angiography. With stan-
dard CT angiography, sensitivity for ischemia ranges from 64 percent to 82 percent;
however, newer multidetector CT techniques may increase the sensitivity considerably.3-¢
The sensitivity and specificity of magnetic resonance angiography are estimated to be 100
percent and 95 percent, respectively.? Artifacts from extensive calcification, however, can
limitthe usefulness of these studies, as they did in this case. Other noninvasive techniques,
such as duplex scanning and tonometry, may also aid in making the diagnosis.2:8 Radio-
graphic findings alone, however, do not establish the diagnosis of ischemia. Autopsy and
angiographic studies have revealed the presence of severe three-vessel disease in asymp-
tomatic persons.? For a secure diagnosis, a clinical response to revascularization is
required.?

Although this patient had symptoms of chronic intestinal ischemia, the presence of
gastric lesions deflected the clinicians from consideration of this possibility. The stomach
has a more abundantvascular supply than the intestines, receiving blood primarily through
the celiac axis and an extensive network of collateral vessels.2 Gastric ischemia is there-
fore much less likely than intestinal ischemia and is rarely suspected. This case and others
in the literature suggest that it may be more common than is typically believed.10-13

The differential diagnosis for multiple gastric lesions is short and includes lymphoma,
the Zollinger-Ellison syndrome, contact-type gastritis, and linitis plastica, as well as
ischemia. The fact that this list of conditions is so limited suggests that ischemia should
have been considered earlier. Given the patient’s cachexia and leukocytosis, however, the
clinicians first focused on the possibility of a neoplasm. Furthermore, the other diagnoses
were not suggested by the initial biopsy reports. Only when the clinicians personally
reviewed the slides with the pathologist did she mention that the findings were suggestive
of ischemia. She had not raised the possibility of gastric ischemia in her report because it
is a rare condition. A review of primary information can prove vital in determining a dif-
ficult diagnosis.



AGUT FEELING

Moreover, revisiting the patient’s history and physical examination can clarify an uncer-
tain clinical picture. Although the patient initially denied any relation between the pain
and food, he ultimately reported postprandial discomfort when questioned more thor-
oughly. As suggested by the discussant, he may have had anorexia for so long that he had
forgotten the initial cause. Furthermore, the probability of gastrointestinal ischemia was
supported by his age, his history of vascular disease, and the abdominal Levine sign found
on examination.

Because gastric ischemia is so uncommon, many of the consultants were initially dubi-
ous and did not believe that additional tests were warranted, given their attendant risks.
Although the operative risk was high,1* on balance, the attending vascular surgeon
believed that the likelihood of the diagnosis and the benefits of intervention outweighed
the risk associated with revascularization. Without such intervention, it seemed likely that
the patient would die from malnutrition or intestinal infarction in the near term. Fortu-
nately for this patient, this gut feeling was correct and led to a gratifying outcome.

This article first appeared in the July 3, 2003, issue of the New England Journal of Medicine.
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ANATOMY OF A DIAGNOSIS

Anatomy of a Diagnosis

HAROLD R. COLLARD, M.D., MICHAEL P. GRUBER, M.D.,

STEVEN E. WEINBERGER, M.D., AND SANJAY SAINT, M.D., M.P.H.
A 33-year-old man presented for evaluation of hemoptysis. He had been in his usual state
of health until the day of presentation, when he had a transient cough productive of one
tablespoon (approximately 15 ml) of bright red blood. He did not have associated chest
pain or dyspnea. He reported that he had not had recent weight loss, fever, illness, or
trauma and that he did not have a history of bleeding.

The differential diagnosis of hemoptysis is effectively addressed from an anatomical point
of view. True hemoptysis can originate from a process that primarily affects the airways,
the pulmonary parenchyma, or the pulmonary vasculature, but blood coming from the
upper airway or the upper gastrointestinal tract can also masquerade as blood coming from
the lungs. I will assume for now that in this case the blood is originating from the lower
respiratory tract. Many of the more common causes of hemoptysis may be suggested by
historical clues to the diagnosis — for example, bronchitis or pneumonia may be suggested
by cough, sputum production, and fever; lung cancer by cough, weight loss, and a history of
smoking; and heart failure by dyspnea and orthopnea. The absence of additional symptoms
in this case leads me to consider processes that can otherwise be clinically silent.

In a young adult, important considerations with regard to blood from an airway source
include a carcinoid tumor or bronchiectasis; from a parenchymal source, an inflammatory
or immune disorder (e.g., Goodpasture’s syndrome or Wegener's granulomatosis) or a
subclinical infection (e.g:, tuberculosis); and from a pulmonary vascular source, an arte-
riovenous malformation. I would start the evaluation with chest radiography, knowing that
[ would probably then proceed to computed tomographic (CT) scanning of the chest.
Although bronchoscopy may help localize a site of bleeding, I would perform the imaging
studies first, since information obtained from a CT scan may preclude the need for bron-
choscopy or may guide the bronchoscopist and improve the yield from the procedure.

The findings on physical examination and the complete blood count were normal. Chest
radiography revealed scattered alveolar infiltrates. Empirical treatment with oral anti-
biotics for community-acquired pneumonia was prescribed. The patient felt well until five
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weeks later, when he had a second episode of hemoptysis, described as “a full cup” (approx-
imately 250 ml) of blood. This episode was preceded by acute shortness of breath and :
sensation of “flooding” in the upper chest. The patient was admitted to the hospital.

The presence of scattered alveolar infiltrates on the initial chest radiograph suggest:
either that the blood is arising from a diffuse parenchymal process or that blood originat-
ing from another source is being distributed throughout the pulmonary parenchyma. I
the absence of coexisting fever, leukocytosis, or the production of purulent sputum, the
combination of hemoptysis and patchy alveolar infiltrates probably does not indicate the
presence of community-acquired pneumonia. I would not have discharged the patien:
with a prescription for empirical antibiotics without a2 more definitive diagnosis.

At the time of the second episode of hemoptysis, the associated symptom of dyspnea is
cause for concern because it may indicate the presence of significant bleeding, as is also
suggested by the volume of coughed blood. Although there are no firm guidelines for
admitting a patient with hemoptysis to the hospital, the presence of coexisting dyspnea.
significant gas-exchange abnormalities, ora substantial increase in the volume of coughed
blood all probably warrant hospitalization. The history since the first examination does
not limit the earlier differential diagnosis, but I would focus on an episodic parenchymal
source of hemorrhage and would expand the list of possibilities to include idiopathic pul-
monary hemosiderosis and systemic lupus erythematosus.

The patient’s medical history was notable for hypertension, gastroesophageal reflux dis-
ease, occasional cocaine use, heavy alcohol use, repair of an aortic coarctation in child-
hood, and tobacco use. His medications included verapamil and bupropion for smoking
cessation. He was married and worked in sales. He said that he had not had any occupa-
tional exposures but that he had used rat poison (d-Con) on one occasion before his first
episode of hemoptysis. He also said that he did not have risk factors for human immuno-
deficiency virus or tuberculosis infection. There was no family history of hemoptysis or
bleeding disorders.

It would be important to know whether the patient had used cocaine before either of the
episodes of hemoptysis, since inhalation of “crack” cocaine may lead to alveolar hemor-
rhage. Although the history of smoking raises the possibility of bronchogenic carcinoma,
the patient’s age argues against that diagnosis. Smoking s also known to increase the risk
of alveolar hemorrhage in patients with anti—glomerular basement membrane antibod-
ies, the underlying problem in Goodpasture’s syndrome. A particularly intriguing (though
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probably coincidental) fact is that the patient was exposed to rat poison before his first
episode of hemoptysis, since brodifacoum (an anticoagulant similar to warfarin) is the
primary ingredient in this pesticide. A history of heavy alcohol use does not relate directly
to hemoptysis, but it does raise the possibility of upper gastrointestinal bleeding that is
mimicking hemoptysis or of a coagulation disorder related to underlying alcohol-induced
liver disease.

The patient stated that he had not used cocaine recently. On physical examination, his
temperature was 37.3°C, his blood pressure 167/86 mm Hg, his heart rate 109 beats per
minute, his respiratory rate 18 breaths per minute, and his oxygen saturation 85 percent
while he was breathing room air. Examination of his head and neck revealed no abnor-
malities. On examination of the chest, there was no dullness to percussion, and there were
no adventitial sounds. Examination of the heart revealed tachycardia and normal heart
sounds without murmurs. Abdominal, neurologic, and musculoskeletal examinations
revealed no abnormalities. The white-cell count was 11,600 per cubic millimeter, the
hematocrit 29 percent, the platelet count 373,000 per cubic millimeter, the prothrombin
time 13.1 seconds (international normalized ratio, 1.1), and the partial-thromboplastin
time 22.7 seconds. The serum levels of electrolytes, creatinine, aminotransferases, and
total bilirubin were normal. Toxicologic screening of the urine on admission was negative
for cocaine and other substances of abuse.

The absence of a recent history of cocaine use, along with the negative results on toxico-
logic screening of the urine, shifts the differential diagnosis away from cocaine-induced
pulmonary hemorrhage. Additional useful information is provided by the patient’s low
hematocrit, which suggests either additional subclinical episodes of bleeding or an under-
lying process associated with anemia of chronic disease. The low oxygen saturation sug-
gests a significant amount of intraparenchymal bleeding or, alternatively, substantial
bleeding within the airways, resulting in a ventilation—perfusion mismatch. At this point,
I am thinking mostly about disorders associated with diffuse parenchymal hemorrhage,
such as Goodpasture’s syndrome, idiopathic pulmonary hemosiderosis, and the less likely
possibilities of systemic lupus erythematosus and Wegener'’s granulomatosis. Neverthe-
less, it still has not been confirmed that the bleeding does not have its origin in an airway
and that it does not have a pulmonary vascular origin. Additional studies that would be
useful at this point include 2 urinalysis, with examination for red cells or red-cell casts,
and repeated chest radiography.
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ance of consolidation in the lung. Diffuse pulmonary hemorrhage due to the conditions I
mentioned earlier also remains a possibility.

Bronchoscopy revealed that the airways were normal, and culture of a bronchoalveolar-
lavage specimen for bacteria and fungus was negative. Antinuclear antibodies, antineu-
trophil cytoplasmic antibodies, and anti-glomerular basement membrane antibodies
were not present. Thoracoscopic biopsy of the left upper lobe revealed alveolar hemor-
rhage with abundant hemosiderin-laden macrophages but only minimal interstitial
inflammation and fibrosis.

The absence of antineutrophil cytoplasmic antibodies argues against a diagnosis of
Wegener’s granulomatosis, and the absence of anti—glomerular basement membrane
antibodies argues against a diagnosis of Goodpasture’s syndrome. Given that bronchos-
copy revealed no abnormalities, a bronchial carcinoid tumor becomes unlikely as an
explanation for the hemoptysis and the left-upper-lobe abnormality. Even though bron-
choscopy is a reasonable procedure in many if not most cases of unexplained hemoptysis
— and itdid provide some useful information here — I would probably have focused more
on evaluation of the site of the previous aortic surgery and its relation to the abnormality
in the left upper lobe. Careful review of the CT scan might suggest the presence of a fis-
tula, a pseudoaneurysm, or both, although a fistula might be difficult to identify.

I do not think that thoracoscopic lung biopsy was indicated here, nor do I think it is a
primary diagnostic procedure in most patients with hemoptysis. Even when blood is identi-
fied within the parenchyma, examination of the biopsy specimen does not necessarily con-
firm that the blood originated at the alveolar level, and it is not likely to identify the underly-
ing cause of bleeding that is alveolar. The cause of parenchymal bleeding is more likely to
be identified on the basis of the clinical history and the presence or absence of underlying
diseases, associated abnormalities in renal function or the urinary sediment, and anti-
glomerular basement membrane antibodies or antineutrophil cytoplasmic antibodies.

Administration ofhigh-dose corticosteroids was started. The patient’s condition improved,
and he was discharged home while taking prednisone. Two weeks later, he was readmit-
ted to the hospital after a third episode of hemoptysis, which he described as the produc-
tion of “two large cups” (approximately 500 ml) of bright red blood.

The crescendo pattern of this illness, with increasingly short intervals between episodes
of hemoptysis and increasing amounts of coughed blood, suggests that we are sitting on a
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aspergillosis, vascular abnormalities, and drugs, including cocaine.l-? Patients wit=
recurrent episodes of hemoptysis or massive hemoptysis, defined variably as the expecto-
ration of 1.5 to 3.5 cups (approximately 400 to 800 m!) of blood over a 24-hour period, ar
important to identify, since they warrant urgent evaluation.

In the majority of patients with hemoptysis, the “textbook” differential diagnosi:
includes the underlying cause. However, excessive reliance on such a standardized list o’
conditions may be dangerous, since uncommon causes may be overlooked and a diagnosis
may be ascribed prematurely, despite discordant clinical data. The key to a successfu.
diagnosis in this case was threefold: careful attention to the patient’s history, expansior.
of the differential diagnosis according to principles of anatomy and physiology, and con-
tinued reassessment of the clinical data to eliminate unlikely causes. This approack
allowed conditions such as bronchitis, pneumonia, heart failure, and lung cancer to be
ruled out early in the evaluation; permitted reassessment and consideration of aortobron-
chial fistula as a possible diagnosis as the case progressed; and allowed reevaluation of
the possibility of diffuse alveolar hemorrhage, which was considered during the first hos-
pitalization. The decision to treat the patient with corticosteroids in the absence of a
definitive diagnosis could have had catastrophic consequences, since fatal hemoptysis
could have occurred.

Aortobronchial (or aortopulmonary) fistula is an uncommon but well-established
cause of hemoptysis, which in such cases is often massive.4-¢ In 1867, two patients who
died from massive hemoptysis were described”2; at autopsy in each case, a fistulous com-
munication between an aortic aneurysm and the left lung was found. Any source of irrita-
tion or compression in this region (e.g., an aortic aneurysm or pseudoaneurysm, surgical
sutures, an aortic graft, or infection) can lead to inflammation and scarring of the aorta
and adjacent lung, with eventual fistula formation.#5 Today, most cases are seen in
patients who have undergone surgical repair of aortic abnormalities such as an aneurysm,
coarctation, or patent ductus arteriosus, in whom hemoptysis may occur months to
decades after the operation.+°

Most patients with aortobronchial fistula report episodic massive hemoptysis.1© Chest
radiography generally shows nonspecific abnormalities, whereas CT scanning of the chest
may reveal focal consolidation in the region of the left lung that is proximal to the
aorta.+%.11 Only rarely can the fistulous communication be visualized.12 Aortography (by
means of traditional radiography, CT imaging, or magnetic resonance angiography) is the
most sensitive diagnostic test. Untreated, aortobronchial fistula is uniformly fatal. Surgi-
cal repair is possible in approximately 80 percent of patients and, when successful, is asso-
ciated with an excellent rate of survival.13
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Physicians are often taught that “the diagnosis is in the history.” We propose a corol-
ary: that the differential diagnosis is in the careful and continued evaluation of the his-
-ory and clinical data in the context of anatomy and physiology. This case illustrates the
.mportance of a careful, considered differential diagnosis, even when the interpretation
of the patient’s initial symptom appears to be straightforward.

Supported by a Career Development Award from the Health Services Research and Development Program
of the Department of Veterans Affairs and a Patient Safety Developmental Center Grant from the Agency
for Healthcare Research and Quality (P20-HS11540) (both to Dr. Saint). -

We are indebted to Dr. David Lynch for providing radiographic images and interpretation of the images
and to Dr. Brian Fouty for contributions to the manuscript.

This article first appeared in the September 4, 2003, issue of the New England Journal of Medicine.
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OccaMm’s RAZOR VERSUS SAINT'S TRIAD

ANTHONY A. HILLIARD, M.D., STEVEN E. WEINBERGER, M.D.,
LAWRENCE M. TIERNEY, JR., M.D., DAVID E. MIDTHUN, M.D.,

AND SANJAY SAINT, M.D., M.P.H.

A 60-year-old woman with a history of radiologically confirmed seronegative rheumatoid
arthritis presented to the emergency department with a 10-day history of worsening dys-
pnea on exertion, nonproductive cough, and subjective fever and a 7-day history of pain in
the right leg and buttock, which limited her mobility. There was no sputum production,
orthopnea, paroxysmal nocturnal dyspnea, or pleuritic chest pain.

would start creating my differential diagnosis by taking into account the relatively short
ame course of the symptoms and the clinical context in which they developed. Given the
aatient's underlying disease, I am considering several complications of rheumatoid arthri-
1s (although they are unlikely, given her seronegative status), such as parenchymal and
distal-airway disease (interstitial pneumonitis, bronchiolitis obliterans with organizing
Jneumonia, or constrictive bronchiolitis), pleural effusion, or pericardial effusion. Other
diseases associated with pulmonary complications and arthritis, such as Wegener’s gran-
1lomatosis and systemic lupus erythematosus, should also be considered. In addition, she
Tay have a pulmonary infection, particularly if she is receiving immunosuppressive ther-
apy for her underlying rheumatic disease. The leg and buttock pain sounds like sciatica,
dut other possible explanations include her underlying arthritis, septic arthritis of the hip,
ar even deep venous thrombosis, which could be complicated by pulmonary embolism.

The patient had been evaluated at her local clinic a few days earlier. A chest radiograph and
an ultrasound examination of her right leg showed no abnormalities. An antihistamine
for presumed allergic rhinitis was prescribed. Her dyspnea progressed, and on the morn-
ing of admission, the patient was seen by her theumatologist and was found to have a
fever, tachypnea, and hypoxemia.

The initially normal chest radiograph was obtained early in the course of her iliness and
does not dissuade me from considering a process involving the pulmonary parenchyma,
which might appear later as radiographic changes. 1 would focus on four main categories
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of disease at this point: a primary infectious process within the lungs (particularly if -
is receiving immunosuppressive medication); an infection elsewhere (which perh::

would account for her leg and buttock pain) with a secondary process involving the lung:

such as bacteremia or acute respiratory distress syndrome; a noninfectious inflammatc-
process that may be associated with fever, such as bronchiolitis obliterans with organ::

ing pneumonia, pulmonary embolic disease (despite the absence of abnormalities on t=«
ultrasound examination of the leg), systemic lupus erythematosus, or Wegener’s granui--
matosis; and drug toxicity, depending on the pharmacologic treatment of her rheumat:-
logic disease. The normal chest radiograph rules out a clinically significant pleural eff--
sion. I do not believe thatallergic rhinitis explains her presentation, because this diagnos :
should neither cause dyspnea nor be associated with fever,

The patient’s history included the CREST syndrome (calcinosis cutis, Raynaud’s phenom-
enon, esophageal dysfunction, sclerodactyly, and telangiectasia), right-knee arthroplasty.
right-hip arthroplasty with postoperative deep venous thrombosis five years previoush.
and hypothyroidism. The patient had been in a monogamous relationship for the past 3¢
years. She occasionally drank alcohol and reported that she did not use tobacco or illicit
drugs. Her inflammatory arthritis was being treated with 5 mg of prednisone taken once
a day (for the past 10 years), 25 mg of methotrexate administered subcutaneously once a
week (for the past 11 months), and 300 mg of infliximab administered intravenously
every 8 weeks (for the past 4 months). Her status with respect to tuberculin skin testing
was unknown. Additional medications included levothyroxine, hydrocodone, acetamino-
phen, and alendronate (to prevent osteoporosis); she also took a folic acid supplement.

The CREST syndrome is associated with pathologic changes in the pulmonary vasculature
similar to those in primary pulmonary hypertension, but the fever and the tempo of the
presentation in this case argue against that diagnosis. The patient does have prosthetic
material from her orthopedic procedures, and the possibility of infection originating in
one of these areas remains in the differential diagnosis. Perhaps the most important addi-
tional information is that she was receiving drugs that are immunosuppressive, at least
one of which (methotrexate) is also associated with inflammatory complications involv-
ing the pulmonary parenchyma.

Although her dose of prednisone is relatively low, she is also receiving infliximab in
addition to the methotrexate and therefore should be considered immunosuppressed.
Immunosuppression places her at risk both for common types of bacterial pneumonia and
for infection with a variety of opportunistic pathogens, such as pneumocystis, viruses,
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“2ngi, and mycobacteria. A particular concern with the use of infliximab, which is a func-
-.onal tumor necrosis factor a antagonist, is the development of mycobacterial disease.
since fever accompanies her respiratory symptoms, an opportunistic infection involving
-he lungs must be considered seriously.

The patient was alert but in moderate respiratory distress. Her temperature was 38.3°C,
her heart rate was 82 beats per minute, her blood pressure was 130/72 mm Hg, her respi-
ratory rate was 24 breaths per minute, and her oxygen saturation was 75 percent while she
was breathing room air. She was using accessory muscles to breathe, Auscultation revealed
crackles in the lower lung fields and dullness to percussion at the bases. There was no
pleural friction rub. Cardiovascular examination showed a normal first heart sound buta
prominent pulmonic second sound, with no audible murmur of tricuspid insufFiciency.
The neck veins were not elevated. She had hypertrophic changes of the metacarpal-pha-
langeal and proximal interphalangeal joints, with bilateral ulnar deviation. There were
multiple cutaneous telangiectasias on the face and arms but no rash or nodules. Examina-
tion of the right hip showed no acetabular tenderness or edema and revealed a normal
range of motion. There was no calf tenderness or edema.

Particularly intriguing in this case is the combination of the dramatically low oxygen sat-
uration and the presence of 2 prominent pulmonic second sound on cardiac examination.
The patient’s hypoxemia could contribute to reactive pulmonary vasoconstriction, further
complicating the underlying pulmonary vascular disease due to the CREST syndrome.
Alternatively, considering her severe hypoxemia along with the prominent second pul-
monic sound, I would be concerned about right-to-left intracardiac shunting, perhaps
through a patent foramen ovale. Although we generally like to invoke Occam'’s razor, for
some patients we cannot follow the rule of diagnostic parsimony. In this case, I could eas-
ily envision an opportunistic pulmonary infection being responsible for the fever, crack-
les, hypoxemia, and worsening pulmonary hypertension, which is then complicated by
right-to-left intracardiac shunting and further deterioration in oxygenation.

The white-cell count was 8000 per cubic millimeter with a normal differential count, the
hematocrit was 35 percent, the platelet count was 142,000 per cubic millimeter, the par-
tial-thromboplastin time was 30 seconds (normal range, 19 to 30), and the international
normalized ratio for the prothrombin time was 0.9. The serum aspartate aminotransfer-
ase level was 107 U per liter, the alanine aminotransferase level was 55 U per liter, the
bicarbonate level was 19 mmol per liter, the C-reactive protein level was 12.4 mg per deci-
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cess, particularly an opportunistic infection. Given the need for anticoagulation and th«
likelihood of pulmonary hypertension, I would not want to perform a transbronchiz
biopsy. Rather, I would try to identify an opportunistic pathogen — particularly pneumc-
cystis, given the appearance of the CT scan, or mycobacterium, given the use of infliximz:
— in induced sputum or bronchoalveolar-lavage fluid.

The patient received an intravenous bolus of unfractionated heparin followed by a con-
tinuous infusion of unfractionated heparin, Her clinical status remained stable and unim-
proved during the several hours between the administration of heparin and bronchoscopy.
Bronchoscopy with bronchoalveolar lavage revealed the presence of Pneumocystis carini.
Therefore, she continued to receive intravenous trimethoprim-sulfamethoxazole, corti-
costeroids, and unfractionated heparin, a regimen that constituted treatment for both
P. carinii pneumonia and pulmonary embolism. She required mechanical ventilation for
24 hours after bronchoscopy, but then her condition improved dramatically. Her trachea
was extubated on her second day in the hospital; by the fifth day the supplemental oxygen
was discontinued, and she had no further symptoms of dyspnea at rest.

The patient was soon discharged from the hospital while taking an oral corticosteroid
(the dose of which was to be tapered), trimethoprim-sulfamethoxazole, and warfarin.
After completing treatment for P. carinii pneumonia, the patient continued to take tri-
methoprim-sulfamethoxazole for prophylaxis. She was contacted five months after hos-
pitalization and reported no breathing difficulties.

This case illustrates two important points that come up relatively frequently in puzzling
clinical problems. First, diagnostic parsimony is a worthwhile goal, but it is one that can-
notalways be achieved. Second, pulmonary embolic disease remains one of the most chal-
lenging diagnoses to make clinically, and objective confirmation of the presence or
absence of thromboembolism is important whenever the diagnosis is considered.

COMMENTARY

Pluralitas non est ponenda sine necessitate.
— William of Occam, 14th century

“What on earth is Saint’s Triad?” So asked C.F.M. Saint several decades ago about his own
eponym. Saint, a South African surgeon, emphasized the importance of considering the
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2ossibility of multiple separate diseases in a patient whenever his or her history and the
wesults of the physical examination were atypical of any single condition.! The triad that
sears his name is the association of hiatal hernia, gallbladder disease, and diverticulosis.
There is no pathophysiological basis for the coexistence of these three diseases; that, per-
=aps, was his point. Saint emphasized that more than one disease may be responsible for
; patient’s clinical signs and symptoms. This is, in fact, the same point made by the apoc-
~vphal Hickam, credited with Hickam’s dictum: “A patient can have as many diagnoses as
ae darn well pleases.” Because physicians are seeing an increasing number of patients
~ith a2 multitude of acute and chronic illnesses, the views of Saint and Hickam warrant
-onsideration in the practice of modern medicine. Neither name, however, is as well
<nown as that of William Osler, who is credited with applying the teaching of Occam to
:linical medicine.?

In the 14th century, William of Occam stated, “Plurality must not be posited without
Jecessity.” A subsequent version of this statement was expressed as “Among competing
avpotheses, favor the simplest one” — hence the term “Occam’s razor.”3 As the discussant
~oints out, parsimony of diagnosis is an important standard in modern medicine; how-
~ver, this principle can fail us. As the population continues to age — and as diagnostic
studies increase in number and sophistication — the dulling of Occam’s razor is certain
:0 continue. Indeed, this patient’s dyspnea had two distinct causes: pulmonary embolism
ind P. carinii pneumonia.

Why Hickam’s dictum in this particular case? This patient’s inflammatory arthritis
-equired that she receive immunosuppressive therapy to control her symptoms. Chronic
.mmunosuppression then placed her atincreased risk for an opportunistic infection. P. carinii
sneumonia then led to shortness of breath, fever, and lethargy that may have prompted her
-o reduce her physical activity, a change that, in turn, may have predisposed her to the devel-
apment of venous thromboembolism. Though only a hypothesis, this line of reasoning pro-
7ides one explanation for her risks of multiple, seemingly unrelated diseases.

How should we balance the competing philosophies of Occam and Saint in the modern
zra? As people live longer and as the prevalence of disease increases, physicians must antici-
aate the greater likelihood of multiple diagnoses. A recent population-based study con-
:luded thatin patients 65 years of age or older who have chronic medical diseases and receive
asrescription medications free of charge, additional unrelated disorders are undertreated, as
-ompared with the same disorders in patients who do not have another underlying medical
condition.4 An accompanying editorial suggested that this finding may be related to the
application of Occam’s principle of parsimony by the health care providers.5 If physicians
-onsider the tenets of Saint and Hickam as well, patients may receive better care.
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Although the view of Saint is useful for complicated medical cases, can the diagnost::
parsimony that medicine has adhered to for so many years be abandoned? Will physicians
err by assigning, for example, separate diagnoses of arthritis, dermatitis, and kidney dis-
ease to a patient who has systemic lupus erythematosus? It is clear that in patient care we

cannot embrace either principle exclusively; rather, we should keep the views of bot-
Occam and Saint in mind. .

Supported by a Career Development Award from the Health Services Research and Development Program
of the Department of Veterans Affairs and a Patient Safety Developmental Center Grant (P20-HS11540)
from the Agency for Healthcare Research and Quality (both to Dr. Saint).

This article first appeared in the February 5, 2004, issue of the New England Journal of Medicine.
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A PAIN IN THE NECK

A Pain in the Neck

SANDRA J. BLISS, M.D., SCOTT A. FLANDERS, M.D,,

AND SANJAY SAINT, M.D., M.P.H.

A previously healthy 16-year-old girl presented to her physician because of a two-day his-
tory of sore throat, fatigue, fever, headache, and vomiting; she had not had rhinorrhea or
a cough. On examination, her temperature was 36.7°C, and she appeared fatigued. She
had mild erythema and white plaques on her tonsillar pillars and mild tenderness of the
anterior neck, without lymphadenopathy.

The signs and symptoms on presentation are consistent with the presence of acute phar-
vngitis. Infections with rhinovirus, adenovirus, influenzavirus, and parainfluenzavirus
are among its most common causes. Infection with mycoplasma or Epstein—Barr virus
(EBV) is also possible, but diagnostic efforts should initially focus on the identification of
group A streptococcal infection, if present, since treatment can prevent serious sequelae.
The tonsillar exudates, fever, anterior cervical adenopathy, and absence of cough in this
case are highly suggestive of streptococcal pharyngitis. The vomiting, however, is more
commonly seen in younger children with group A streptococcal pharyngitis.

I would obtain a swab from her pharynx for a rapid streptococcal-antigen test and treat
the patient with antibiotics if the test result was positive. Rapid streptococcal-antigen
tests are, at best, 80 to 90 percent sensitive, so if the result was negative I would send the
throat swab for culture and await the results before prescribing antibiotics.

The result of a rapid streptococcal-antigen assay was negative, Viral pharyngitis was diag-
nosed. Treatment with analgesics and adequate fluid intake were advised.

Four days later, the patient returned to her physician with a worsening sore throat. She
was having difficulty swallowing and reported dizziness while standing, She continued
to feel fatigued, chilled, and achy but stated that she had not had further fever. She described
a bifrontal headache and some mild stiffness of the neck. She stated that she had not vom-
ited since the previous visit and that she did not have abdominal pain or diarrhea. The
streptococcal culture obtained during the previous visit was sterile.
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Although group A streptococcal infection is still possible, the sterile culture, combine:
with the new and worsening symptoms, leads me to broaden my differential diagnosis
Most symptoms due to viral or streptococcal pharyngitis should be improving or resolve:
by the sixth day of illness. The patient’s throat pain and difficulty swallowing may be du:
to a complication such as a peritonsillar abscess or to a less common cause of pharyngitis
such as acute human immunodeficiency virus (HIV) infection, EBV infection, or gonococ-
calinfection. Her headache and neck stiffness raise the possibility of meningitis. Bacteria.
meningitis would be unlikely without fever and severe clinical deterioration, althougk
viral or aseptic meningitis remains a possibility.

The patient had a history of depression and childhood asthma. She was taking paroxetine
and trazodone, as well as ibuprofen for her sore throat; she had no allergies to medication.
She was a junior in high school and did not smoke, consume alcohol, or use illicit drugs.
She stated that she had never been sexually active.

On examination, she was thin and pale and appeared ill. Her temperature was 36.3°C,
her blood pressure 93/64 mm Hg, her pulse 120 beats per minute, her respiratory rate 22
breaths per minute, and her oxygen saturation 98 percent while she was breathing room
air, She had some difficulty fully opening her mouth and protruding her tongue, but there
was no anatomical distortion. Her oropharynx was dry, and there was right tonsillar ery-
thema. Her anterior cervical lymph nodes were tender, especially on the right side; other-
wise, her neck was supple. The findings on a cardiovascular examination were normal
except for tachycardia, and her lungs were clear. The findings on an abdominal examina-
tion were normal, and she had no rash.

Her appearance and vital signs are alarming. Her blood pressure alone would not be cause
for concern in an adolescent, but in this case it is associated with tachycardia and ortho-
static symptoms. She also has trismus, as well as some asymmetric tonsillar erythema and
cervical adenopathy, which may explain her neck stiffness. Iam concerned that this patient
has an undiagnosed bacterial infection, in particular a deep-tissue infection. Ludwig’s
angina could explain the findings, but this disorder is usually associated with gingivitis,
dental infection, and foul-smelling breath. Peritonsillar abscesses are often visualized on
examination of the throat, but a parapharyngeal or submandibular infection might be
harder to diagnose.

The white-cell count was 9000 per cubic millimeter, the hemoglobin level 11.6 g per deci-
liter, and the platelet count 10,000 per cubic millimeter. Examination of a peripheral-
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blood smear confirmed the thrombocytopenia and showed that the white-cell differential
count included 89 percent segmented neutrophils and 10 percent band forms. No schisto-
cytes were seen. The urea nitrogen level was 125 mg per deciliter (44.6 mmol per liter), the
creatinine level 2.1 mg per deciliter (185.6 i.mol per liter), the serum aspartate amino-
transferase level 153 U per liter, the serum alanine aminotransferase level 90 U per liter,
the alkaline phosphatase level 270 U per liter, the total bilirubin level 1.7 mg per deciliter
{29.1 wmol per liter), and the lactate dehydrogenase level 451 U per liter. Urinalysis revealed
three to five nondysmorphic red cells per high-power field and occasional hyaline casts.

Given these laboratory findings, I would search for a soft-tissue infection; streptococcal
toxic shock syndrome could cause any of these abnormalities. The patient’s thrombocyto-
penia is profound, and given the relative preservation of her other cell lines, [ would focus
on platelet-specific destruction rather than on sequestration or a bone marrow process. In
the setting of bacterial infection, destruction would most likely be a result of disseminated
intravascular coagulation. Thrombocytopenia and elevated aminotransferase levels may
have a viral cause, such as infection with EBV, cytomegalovirus, parvovirus, coxsackievi-
rus, acute HIV, or acute hepatitis. Many of these infections, however, are associated with a
rash and with lymphocytosis or the presence of atypical lymphocytes. This patient’s renal
failure probably represents a preglomerular process, since the ratio of urea nitrogen to
creatinine is high in the setting of orthostasis and ibuprofen use. On urinalysis, there are
no dysmorphic red cells or cellular casts, which would suggest glomerulonephritis.

I would stop the ibuprofen and begin aggressive rehydration. Given the possibility of
meningitis, a lumbar puncture should be performed, but not before the thrombocytope-
nia is corrected, preferably to a level above 50,000 platelets per cubic millimeter, Although
infection is the most likely explanation for the illness in this case, lymphoma is a remote
possibility in an ill-appearing adolescent with adenopathy, unexplained thrombocytope-
nia, and an elevated lactate dehydrogenase level.

Chest radiographs showed several ill-defined nodular opacities within the right lower
lobe and retrocardiac region (Figure 1). Posteroanterior and lateral plain-film radio-
graphs of the neck showed a normal tracheal air column and no evidence of retropharyn-
geal abscess. An abdominal ultrasound study showed sludge in the gallbladder but other-
wise no abnormalities. Computed tomography (CT) of the head, performed without the
use of intravenous contrast material, showed no abnormalities.

Aggressive rehydration was begun, and the patient’s tachycardia and hypotension
resolved. Lumbar puncture was deferred because of her thrombocytopenia. Adminis-
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Over the next 12-hour period, the patient reported that her headache and neck pain were
becoming increasingly severe. Her renal function improved with rehydration; however,
she became progressively acidemic and hypoxemic.

The erythrocyte sedimentation rate was 60 mm per hour. The prothrombin and partial-
thromboplastin times were normal. The fibrinogen level was elevated, at 1027 mg per
deciliter (normal range, 150 to 450); the p-dimer level was 0.2 to 0.4 ug per milliliter
{normal range, <0.2), Serologic studies for hepatitis viruses A, B, and C were negative, as
were antibody tests for EBV (tests for IgG and IgM antibodies to viral capsid antigen and
for antibodies against early antigen and Epstein—Barr nuclear antigen). There was no
detectable antinuclear antibody, and the levels of complements C3 and C4 were normal.
Tests for urinary histoplasma antigen, HIV antibody, and antineutrophil cytoplasmic anti-
body and measurement of von Willebrand factor antigen were ordered. The streptococcal-
antibody screen was positive, at a titer 0f 1:400.

These laboratory results, combined with the absence of a microangiopathic process on the
blood smear, argue against disseminated intravascular coagulation as the sole cause of
the patient’s thrombocytopenia. At present, she has no evidence of splenic sequestration
(since no splenomegaly was detected on examination or on abdominal imaging) and no
evidence of bone marrow failure or of a nonspecific consumptive process, such as throm-
botic thrombocytopenic purpura; thus, her thrombocytopenia is most likely an immune-
mediated process. In the absence of potential offending drugs, I would continue to look
for an infection that might be associated with the production of antiplatelet antibodies.
Examination of a bone marrow biopsy specimen would probably show large megakaryo-
cytes; this procedure may be indicated if an infectious source is not identified soon.

The elevated erythrocyte sedimentation rate is nonspecific; the streptococcal-antibody
screen, however, shows that the patient has recently had a streptococcal infection and sug-
gests a causative role for this organism in her pharyngeal process. The HIV antibody test,
if negative, would not rule out the presence of acute HIV disease; a viral-load assay would
be more helpful. The patient’s worsening acidemia and oxygenation are reasons for con-
cern because they may indicate that she has sepsis or the acute respiratory distress syn-
drome. The patient should be monitored closely in an intensive care unit. Given her wors-
ening headache and neck pain, a lumbar puncture should be performed after platelet
transfusion, in addition to CT study of her neck.

CT scans of the patient’s neck, chest, abdomen, and pelvis were obtained to evaluate the
possibility of lymphoma. Multiple ill-defined pulmonary masses, small bilateral pleural
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Most episodes of pharyngitis are benign and self-limited. However, when symptor-.
do not remit, the clinician must consider other causes of the illness, such as infectio.:
mononucleosis, acute HIV infection, or a suppurative complication such as cervical ader. -
tis or a peritonsillar or retropharyngeal infection. Symptoms suggesting the presence or ;
deep pharyngeal infection include neck pain and limited mobility of the jaw, neck, c-
tongue.* Trismus develops when the muscles of mastication are inflamed or reflexive;-
irritateds as a result of infectious spread to the lateral pharyngeal space.

Despite this patient’s clinically significant oropharyngeal findings, her physicians dic
notinitially attribute her systemic symptoms to an underlying, deep pharyngeal infectior.
As her care shifted from an outpatient to an inpatient setting, her presenting symptorm
— pharyngitis — became secondary, and her systemic findings took priority. The multiple
pulmonary nodules, acute renal failure, liver-enzyme abnormalities, and thrombocytope-
nia framed the differential diagnosis and led to such discordant possibilities as throm-
botic thrombocytopenic purpura, vasculitis, and lymphoma. The context in which physi-
cians frame a diagnostic question helps to generate the differential diagnosis and guides
the subsequent evaluation.® In this case, the inpatient clinicians initially marginalized the
neck-related symptoms, whereas the discussant in this article placed the systemic find-
ings into the context of an antecedent pharyngitis and arrived relatively easily at the cor-
rect diagnosis.

In 1936, André Lemierre, a Parisian bacteriologist, described 20 cases of anaerobic
thrombophlebitis of the internal jugular vein with metastatic infection.” Most cases of
Lemierre’s syndrome occur in adolescents and young adults with tonsillopharyngitis, or
less commonly, those with an odontogenic infection, mastoiditis, or sinusitis.8 Oral
anaerobes invade the peritonsillar tissue, and infection spreads to the adjacent lateral pha-
ryngeal space, which contains the internal jugular vein. F. necrophorum, an anaerobic,
gram-negative rod that commensally inhabits the oral cavity and gastrointestinal and
female genital tracts, is identified in 82 percent of the cases.8 It is not known why fusobac-
terium species invade the mucosa; antecedent EBV infection may promote the invasion,
possibly by inducing immunosuppression.®1° From the neck, the infection spreads hema-
togenously, most commonly to the lungs, but also to the joints, liver, spleen, bones, kid-
neys, and meninges.1°

Patients with Lemierre's syndrome usually present with systemic findings within
one week after the onset of the inciting oropharyngeal infection.®° Ipsilateral neck
pain and swelling occur in only half the patients; a minority will have trismus or evidence
of a thrombosed jugular vein on examination.® Signs of metastatic infection include
pulmonary infiltrates, hepatosplenomegaly, hyperbilirubinemia, elevation in liver-
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smzyme levels, hematuria, and disseminated intravascular coagulation with thrombocyto-
senia.8-11 Thrombocytopenia in the absence of disseminated intravascular coagulation
=as been reported,12:13 although the exact pathogenic mechanism of thrombocytopenia
athe current case is not entirely clear.

The diagnosis of Lemierre’s syndrome is usually made after a variety of infectious and
soninfectious illnesses have been considered. The diagnosis may first be suggested when
= necrophorum grows in blood culture®.10:11; contrast-enhanced CT studies of the neck can
confirm the diagnosis. Although the optimal treatment is unknown, antimicrobial ther-
apy effective against anaerobic pathogens is critical. Penicillin, cephalosporins, clinda-
mycin, metronidazole, chloramphenicol, and tetracyclines all have efficacy against fuso-
Sacterium species.® Since anticoagulation may facilitate embolic spread, it is usually
reserved for cases of retrograde propagation of thrombus.® Ligation of the internal jugular
vein is rarely required, although it may help to prevent further embolism if the infection
spreads despite appropriate medical therapy. Before antibiotics became available, the
mortality rate approached 90 percent?; even with systemic antibiotic therapy, up to 18 per-
cent of patients may die.8:9:14

In the era before antibiotics, Lemierre’s syndrome was common, but reports declined in
the 1960s and 1970s as the use of antimicrobial agents for pharyngitis became increas-
ingly common.® In the past decade, the frequency of Lemierre’s syndrome has again
increased,11:15 and some have attributed this change to the increasingly judicious use of
antibiotics.9:11.14 Because the number of physicians familiar with its dramatic signs and
symptoms is diminishing, Lemierre’s syndrome has been referred to as the “forgotten
disease.”®:9:.11 Changes affecting the neck may be subtle or absent at the time of a patient’s
presentation with metastatic infection, and the diagnosis may be overlooked. In their
search for a unifying diagnosis, the clinicians caring for the patient in the current case
would have been well served to remember her chief symptom: a pain in the neck.

Supported by a Carcer Development Award from the Health Services Research and Development Program
of the Department of Veterans Affairs and a Patient Safety Developmental Center Grant (P20-HS11540)
from the Agency for Healthcare Research and Quality (both to Dr. Saint).

Weare indebted o Peter Strouse. M.D., for assistance with the radiographic images and their interpretation.

Thisarticle first appeared in the March 4. 2004, issur of the New England Journal of Medicine.
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Red Snapper or Crab?

PAUL B. CORNIA, M.D., BENJAMIN A. LIPSKY, M.D.,

GURPREET DHALIWAL, M.D., AND SANJAY SAINT, M.D., M.P.H.

A 68-year-old man originally from the Philippines presented with a three-month history
of increasing dyspnea on exertion and orthopnea. He also reported an unintentional
weight loss of 7 kg (15 Ib), night sweats, and abdominal bloating. He stated that he had
not had fever, chills, cough, vomiting, chest pain, or swelling of the legs.

The patient’s dyspnea could be due to congestive heart failure, pulmonary disease,
:nemia, or deconditioning associated with a cachexia-inducing illness. The absence of
-pper and lower gastrointestinal symptoms, even in the presence of abdominal bloating,
~oints me away from further consideration of luminal gastrointestinal disorders. Ascites
-ould account for the increasing abdominal girth, and in a patient who has lost weight, it
Tay indicate a chronic infection, cancer, or cirrhosis.

Because tuberculosis is endemic in the Philippines, tuberculous peritonitis is a consid-
sration. Patients with extrapulmonary tuberculosis often present without associated pul-
~ionary infection, so the absence of a cough is not inconsistent with this diagnosis. Any
.atraabdominal cancer can lead to abdominal distention as a result of a mass effect or
malignant ascites, which may occur by way of widespread hepatic metastasis or peritoneal
-arcinomatosis.

The patient’s medical history included prostate cancer with bony metastasis (stage D2),
which had been diagnosed 15 years previously and treated by radical prostatectomy, fol-
lowed by radiation therapy and bilateral orchiectomy. The patient had had a positive tuber-
culin skin test with purified protein derivative, without prior active tuberculosis or antitu-
berculosis therapy, and had a history of gastroesophageal reflux and hypercholesterolemia.
His medications were rabeprazole and simvastatin. He had last traveled to the Philippines
two years previously and had never used tobacco or illicit substances. He had served in the
Navy for 20 years and had then worked as a custodian.

The positive tuberculin skin test is not surprising, but his history of service in the Navy is
intriguing. He may have worked in shipyards where asbestos is abundant, raising the pos-
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The hematocrit was 34 percent, with a normal mean corpuscular volume. The platelet
count was 439,000 per cubic millimeter, and the white-cell count 9800 per cubic millime-
ter; the differential count was normal. Serum electrolyte levels, renal function, and the
results of liver function tests were normal. The serum albumin level was 3.6 g per deciliter,
and the international normalized ratio was 1.0. Prostate-specific antigen was undetect-
able. Chest radiography revealed no abnormalities except for a right-sided pleural effu-
sion (Figure 1), which appeared to be freely mobile in the lateral decubitus view. The
electrocardiogram was unremarkable. The patient was admitted to the hospital.

The normal results on the cardiovascular examination and the absence of edema make
congestive heart failure, the most common cause of pleural effusion, unlikely. I remain
suspicious of tuberculosis as a possible diagnosis. The fact that prostate-specific antigen
was undetectable essentially rules out metastatic prostate cancer, with rare exceptions;
pleural effusion would be unusual in metastatic prostate cancer. A malignant pleural effu-
sion is plausible, but a primary cancer is not evident. Cirrhosis is unlikely without the
characteristic findings on physical examination or laboratory evidence of chronic liver
disease. An ultrasound study would be useful to confirm the presence of ascites in the
absence of known liver disease or marked abdominal distention. Ifascites due to cirrhosis
were unexpectedly found, hepatic hydrothorax would be a consideration. Pleural effusion
and abdominal bloating could be explained by an abdominal tumor with metastases to
the lung or by a bronchogenic carcinoma with an associated paraneoplastic autonomic
neuropathy.

Infection (particularly tuberculosis) and cancer remain my primary considerations.
The tests that will guide my decision making are analysis of the pleural fluid and com-
puted tomography (CT) of the abdomen.

CT scanning of the chest showed the right-sided pleural effusion, but no pulmonary
parenchymal nodules, enlarged lymph nodes, or pleural plaques were visible. On CT scan-
ning of the abdomen, all the organs were normal, but there were multiple enhancing
omental nodules (Figure 2), along with minimal ascites confined to the pelvis. Thoracen-
tesis was performed, and 1 liter of bloody fluid was removed. Findings on analysis of the
fluid were as follows: total protein level, 7.2 mg per deciliter; lactate dehydrogenase level,
745 U per liter; red-cell count, 220,000 per cubic millimeter; and white-cell count, 11,000
per cubic millimeter (35 percent neutrophils, 32 percent lymphocytes, 25 percent mono-
cytes, and 8 percent mesothelial cells). The total protein level in the serum was 8.2 mg per
deciliter, and the serum lactate dehydrogenase level was 192 U per liter. Cultures of the
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lous pleuritis, the effusion is typically lymphocytic, and rarely are there numerous meso-
thelial cells. Mesothelioma remains a serious concern because of the possible asbestos
exposure (a long latency period would be typical) and because of the aggressive disease
that affects two serosal surfaces. The absence of pleural thickening or irregularity on the
CT scan of the chest would be uncharacteristic, but malignant mesothelial cells are often
absent in the pleural fluid. Finally, I must consider the possibility that another tumor has
metastasized to the pleura and peritoneum. Cytologic studies may be negative for malig-
nant cells in a patient with a malignant pleural effusion, but this patient’s history, labora-
tory data, and images do not suggest another primary cancer.

Two weeks after hospital discharge, the patient presented with fever and with pain and
swelling of the left side of the neck. He otherwise felt well and stated that he had not had
dyspnea since his discharge. He had not sustained trauma to the neck or undergone surgi-
cal procedures involving the neck. On examination, the left side of the neck was indu-
rated, with overlying erythema, and was exquisitely tender; the oropharynx was unre-
markable. The white-cell count was 16,000 per cubic millimeter.

Is this acute inflammatory mass a lymph node? The differential diagnosis of cervical
lymphadenopathy is primarily one of infection versus cancer. The fever, tenderness, ery-
thema, and leukocytosis favor the former, particularly a bacterial lymphadenitis. Tubercu-
lous lymphadenitis deserves consideration, although intense pain and inflammation are
not typical of that disease. If this new finding is not lymphadenopathy, bacterial infec-
tions such as cellulitis, infection of the branchial-cleft cyst, submandibular abscess, or
suppurative thrombosis of the internal jugular vein are possible.

This finding is perplexing. The neck abnormality sounds like an acute bacterial infec-
tion, but the pleural-peritoneal disease seems chronic in nature, and I cannot easily link
the two. If inflammatory soft tissue cannot be distinguished from lymphadenopathy on
physical examination, [ would obtain a neck CT scan.

CT scanning revealed thrombosis of the left internal jugular vein with extensive surround-
ing inflammation, but no mass or lymphadenopathy. Chest radiography revealed reaccu-
mulation of the right-sided pleural effusion. The patient was readmitted for anticoagulant
therapy.

Spontaneous thrombosis of a neck vein is very uncommon and leads me to suspecta hyper-
coagulable state, perhaps from an underlying cancer. Could a pulmonary embolus be
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responsible for the pleural effusion in this case? Pulmonary embolism is usually an acut:
condition and is out of step with the tempo of this patient’s illness. Am I missing som:
other cause of his exudative pleural effusion?

Because the patient had previously undergone abdominal surgery and pelvic irradiation.
pleuroscopy (rather than laparoscopy) was performed. The findings included an area of
abnormal-appearing tissue deep in the posterior inferior pleural space on the right side.
Intraoperative frozen sections of this tissue were examined, and the findings were inter-
preted as indicative of metastatic carcinoma, consistent with a primary focus in the pros-
tate. Talc pleurodesis was performed to prevent reaccumulation of pleural fluid, and the
patient was discharged.

Iam fairly convinced that the patient does not have tuberculosis, since it would be difficul:
to confuse carcinoma with a tuberculous granuloma. I also doubt that he has metastatic
prostate cancer, because recurrence would be extremely unusual in a patient who has beer.
free of disease for 15 years since treatment and in whom prostate-specific antigen is unde-
tectable. Because mesothelioma could be misinterpreted as adenocarcinoma, I would
await further review of the tissue by a pathologist. If the diagnosis remains in question,
would obtain another biopsy specimen. Since the pleural surface would be inaccessible
after pleurodesis, I would further investigate the omental nodules. I am increasingly inter-
ested in knowing what the patient did while in the Navy.

At a clinic visit one week later, the patient reported anorexia and persistent abdominal
distention. Repeated abdominal CT scanning showed an increase in the number and size
of the omental nodules and in the amount of ascitic fluid. Ultrasound-guided paracente-
sis yielded 20 ml of clear yellow fluid with a serum-ascitic fluid albumin gradient of 0.7 g
per deciliter. The ascitic fluid contained 15,400 white cells per cubic millimeter (30 per-
cent neutrophils, 5 percent lymphocytes, 35 percent monocytes, and 30 percent mesothe-
lial cells) and 1900 red cells per cubic milliliter. Bacterial and mycobacterial cultures were
sterile. Cytologic examination showed inflammatory cells and normal-appearing meso-
thelial cells. The final interpretation of the biopsy specimens obtained during pleuroscopy
was hemorrhagic fibrin clot with a small, benign-appearing overgrowth of mesothelial
cells, a finding not consistent with the presence of metastatic prostate carcinoma.

Since the ascites originates from the peritoneum, the low serum-ascitic fluid albumin
gradient (less than 1.1 g per deciliter) was expected. (In contrast, processes that result in
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portal hypertension are associated with an elevated serum-ascitic fluid albumin gradient
(1.1 g per deciliter or higher].) The cell counts and the white-cell differential countare not
diagnostic and again raise the question of tuberculosis as opposed to cancer. The white-
cell count is substantially elevated, and the neutrophil count is greater than 250 per cubic
millimeter, but I doubt that he has spontaneous bacterial peritonitis. That condition
almost always occurs in the setting of liver disease and is usually accompanied by a pre-
dominance of neutrophils.

This patient has two diseased serosal surfaces with exudative effusions; complicated by
hypercoagulability, and there is no strong evidence of tuberculosis, which is the compet-
ing diagnosis. I think that he has malignant pleural and peritoneal mesothelioma and
would thus proceed with laparoscopic peritoneal biopsy.

Exploratory laparoscopy revealed a peritoneal surface with diffuse plaques and an omen-
tum caked with soft, nodular plaques. Pathological evaluation of the biopsy specimens by
immunocytochemistry and electron microscopy revealed malignant mesothelioma. On
further questioning, the patient reported that while serving in the Navy he had been con-
tinually exposed to asbestos-covered pipes, both while scraping and repainting them and
while working below deck as a cook.

COMMENTARY

The venerable adage that careful history taking and physical examination usually lead to
the correct diagnosis is especially true in perplexing cases. Unfortunately, because of
advances in medical technology and specialized diagnostic tests, physicians have begun
to place less emphasis on these skills. Despite the methodical evaluation of this patient by
his physicians, the diagnosis remained elusive. The discussant, however, zeroed in on two
key aspects of the history: the patient’s country of origin (an area where tuberculosis is
endemic) and his service in the Navy (a clue to potential asbestos exposure). The discus-
sant was then able to place infection with Mycobacterium tuberculosis (sometimes called the
-red snapper” because of its characteristic appearance on acid-fast staining) and cancer
(Latin for crab) at the top of his differential diagnosis for this patient with diseased pleu-
ral and peritoneal surfaces. As additional information was presented, he interpreted it in
the context of these two historical linchpins.

Disseminated tuberculosis (with pleuritis and peritonitis) was appropriately considered
because of the patient’s positive tuberculin skin test. The likelihood of tuberculous pleuri-
tis was lessened by the absence of typical clinical findings (e.g., fever, cough, and pleuritic
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chestpain)? and the atypical findings in the pleural fluid (more than 5 percent mesothel::
cells and an absence of a lymphocytic predominance).12 The patient’s history of metastar:
prostate cancer was also considered and briefly led to an incorrect diagnosis. Despite th
initial misreading of the pleural biopsy specimen, the discussant recognized that met:-
static prostate cancer was unlikely because prostate-specific antigen was undetectable :
Mesothelioma can be mistaken for adenocarcinoma histologically.4 The distinction can be
and was in this case, made by immunocytochemical staining and electron microscop:
Although the findings described made disseminated tuberculosis or prostate cance
unlikely, several features suggested mesothelioma as a potential diagnosis. The combinz
tion of several factors — the possibility of heavy asbestos exposure (not recognized unt:
late in the workup), the involvement of both the pleural and the peritoneal surfaces, th:
long latency period between the exposure and the onset of symptoms, and hypercoagul:-
bility — led the discussant to the correct diagnosis: malignant mesothelioma.

Asbestos was used extensively in World War I1-era ships. Its use did not decline unt..
the mid-1970s, when the adverse health consequences of prolonged exposure becam:
widely known. Exposure to asbestos can cause the fibrotic interstitial lung disease callec
asbestosis; it has also been linked to lung cancer (and the risk appears to increase syner-
gistically with tobacco use), malignant mesothelioma, and benign pleural disorder:
(pleural plaques and effusions). Although asbestosis has been recognized since the earl:
1900s, asbestos exposure was not linked to malignant mesothelioma until the 1960s.5

The incidence of mesothelioma in the United States rose during the 1970s and earls
1980s, primarily as a result of occupational exposure during the preceding decades, an¢
was projected to peak in 2000.¢ Malignant mesothelioma may arise from the pleural o:
peritoneal surfaces or, less commonly, the pericardium or tunica vaginalis. Pleural involve-
ment is more common than peritoneal involvement, which usually occurs in persons witk
the heaviest asbestos exposure. After inhalation, the lung’s mucociliary system attempts
to clear the asbestos fibers. Fibers that are coughed up and swallowed may lead to perito-
neal mesothelioma. A latency period of 20 to 40 years between asbestos exposure and the
onset of symptoms of mesothelioma is typical.

Peritoneal mesothelioma tends to progress locally, resulting in vague abdominal symp-
toms, including pain, increased girth (due to malignant ascites), and weight loss.”
Examination of the abdomen usually reveals evidence of ascites but little else.8 As the
tumor advances locally, it may cause bowel obstruction. Surgical debulking followed by
intraperitoneal chemotherapy may be attempted in selected patients with localized dis-
ease, Palliative systemic chemotherapy is an option for those with advanced disease.
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Because of the rarity of peritoneal mesothelioma and its frequently nonspecific fea-
tures at the time of presentation, the diagnosis is often delayed. Five months elapsed
between this patient’s initial presentation and the correct diagnosis. Because the progno-
sis is poor and treatment options are limited, this delay probably did not alter the outcome,
but it may have been avoidable. Two main factors contributed to the delay. First, the patient
was discharged from the hospital twice (once at his request) before his evaluation had
been completed. Although rapid discharge may help constrain costs, it may not be optimal
for patients who require certain diagnostic tests or evaluations by multiple subspecialists.
Second, there was an initial reluctance to perform exploratory abdominal surgery (to
obtain biopsy specimens of the omental nodules) because of the patient’s prior abdominal
surgery and pelvic irradiation. This initial decision not to obtain specimens of the omental
nodules was not revisited for several months. Had the patient’s extensive asbestos expo-
sure been recognized earlier, the primary and consulting physicians would probably have
pursued exploratory abdominal surgery soon after the nondiagnostic pleuroscopy.

More than half a century ago, Platt asserted that most diagnoses could be made on the
basis of the history alone.® Subsequent studies have confirmed that the history is the key
to the final diagnosis in 56 to 82 percent of cases.19-12 The commonly passed-on clinical
aphorism, “What you do not ask, you will not find out,” remains true.

Supported by a Career Development Award from the Health Services Research gnd Development Program
of the Department of Veterans Affairs and a Patient Safety Developmental Center Grant (P20-HS11540)
from the Agency for Healthcare Research and Quality (both to Dr. Saint).

This article first appeared in the April 1, 2004, issue of the New England Journal of Medicine.
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INDEX OF SUSPICION

UPTAL D. PATEL, M.D., HARRY HOLLANDER, M.D.,

AND SANJAY SAINT, M.D., M.P.H.

1 26-year-old woman with end-stage renal disease from primary membranoproliferative
glomerulonephritis presented with a two-week history of intermittent fever, with tem-
seratures as high as 39°C. She had received her second cadaveric renal fransplant 11
nonths previously.

Cisease categories to consider in a febrile patient who has received a transplanted organ
aclude infection, rejection, a post-transplantation lymphoproliferative disorder, and the
~appearance of an underlying inflammatory disease that resulted in previous organ fail-
-reand transplantation. In this patient, both routine community-acquired infections and
-oportunistic infections associated with immunosuppression deserve consideration; the
::fferential diagnosis of the latter would be shaped by the patient’s epidemiologic charac-
=ristics (e.g., her travel history) and additional clinical and laboratory data. Fever caused
~ cellular rejection is often accompanied by allograft dysfunction, so a new elevation in
-1e level of serum creatinine in conjunction with fever would raise this possibility. Post-
—ansplantation lymphoproliferative disorder, which may occur six weeks or more after
—ansplantation, is also possible. If this patient had received treatment for prior episodes
7 rejection it would place her at increased risk for this complication.

The patient had received her first transplant 10 years before presentation; she had received
the second transplant as a result of allograft failure due to chronic rejection. Two weeks
before presentation, she had a fever almost daily; the fevers were associated with diffuse
myalgias and drenching sweats and chills. She was evaluated by her local physician, who
was unable to identify an obvious infectious cause; no new treatment was prescribed. She
reported generalized malaise, anorexia, and a weight loss of 1.4 kg (3 Ib) since the onset
of the fevers. In addition, she noted slight swelling and nontender erythema of her left
ndex finger, which had started one week before presentation. She reported that she had
not had any other symptoms or recent contact with sick persons and that she had not trav-
ded out of Michigan, her state of residence.
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Whereas myalgias are nonspecific, a new, localized change involving a swollen finger :--
erythema is highly clinically significant and frames the differential diagnosis. If :--
abnormalities appear to be confined to the skin, the morphologic features become imp:r
tant; well-demarcated erythema implies cellulitis, whereas a nonblanching les: -
increases the likelihood of an embolic infection (e.g., endocarditis or fungal disease) o: .
vasculitis. The tempo of this presentation and the appearance of erythema after one wes;
of fever argue strongly against one of the usual gram- positive causes of cellulitis. Certz.-
opportunistic infections — such as nocardial or mycobacterial infection — may cause ::
indolent soft-tissue infection that mimics cellulitis.

The medications she took were cyclosporine, mycophenolate mofetil, prednisone (10 mg
per day), propranolol, amlodipine, and valacyclovir (prescribed by an emergency depar-
ment physician five days before presentation for presumed herpetic whitlow, without con-
firmatory tests). Approximately six weeks before presentation, the patient received bolus
doses of corticosteroids (250 mg of intravenous methylprednisolone daily for three days
as treatment for moderate acute cellular rejection. She was married and did not have chil-
dren or pets. She worked as a veterinary assistant and had recently had contact with vari-
ous domestic animals, mostly cats and dogs.

Despite the low current dose of corticosteroids, the patient must be considered to have
clinically significant cellular immunodeficiency in the light of her treatment with twc
other agents that inhibit T-cell function and the recent bolus doses of methylprednisolone
for rejection. Patients who have received a solid-organ transplant remain at increased risk
for herpesvirus infection; a diagnosis of herpetic whitlow is possible, although the finger
is not a common site of herpesvirus reappearance.

The patient’s occupational history is intriguing. Several zoonotic infections that can be
worrisome in immunocompromised hosts are transmitted from cats. Toxoplasmosis is
most often acquired through inadvertent ingestion of feline feces and may be manifested
with atypical symptoms in a transplant recipient. Enteric pathogens include salmonella
and campylobacter species; the latter especially should be considered, since infection with
any of several campylobacter-like organisms may manifest as bacteremia and migratory
cellulitis, rather than enteritis, in immunocompromised patients. Another cat-borne ill-
ness that is heralded by fever and new cutaneous findings is infection with Bartonella hense-
lae. The lesions of bacillary angiomatosis are typically nonblanching and vascular, which
may lead to their confusion with Kaposi's sarcoma, another opportunistic complication of
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The patient’s low blood pressure raises the possibility of sepsis syndrome due to an unde:-
lying infection. The cardiac murmur probably represents a flow murmur due to her ane-
mia, but with a distal digital lesion, endocarditis must be considered. The morpholog::
features and position of the digital lesion do not support the possibility of herpetic wh::-
low. Hematogenously spread bacterial, fungal, or mycobacterial infections could have th::
appearance. The tempo of the illness suggests the presence of indolent organisms such z:
bartonella and nocardia. If the lesion were caused by direct inoculation, I would thinx
primarily of certain mycobacteria (e.g., Mycobacterium marinum) and environmental fung:
such as aspergillus or cryptococcus. Several of these organisms are relevant to her occupa-
tion, assuming the appropriate contact with animals such as fish, birds, cats, or dogs.

Given the hematologic abnormalities, I must also consider bone marrow involvemer:
with a disseminated infection. Granulomatous infections such as fungal diseases (espe-
cially histoplasmosis and cryptococcosis) and mycobacterial diseases are the most com-
mon marrow-infiltrative infections. The presence of adenopathy may also indicate dis-
seminated infection or cancer (e.g., lymphoma).

Cultures of blood and urine obtained on admission revealed no growth. The results of
serologic tests for Epstein—Barr virus (EBV), cytomegalovirus (CMV), parvovirus B19, and
bartonella were all negative for acute infection; serum polymerase-chain-reaction (PCR)
assays for EBV and CMV were also negative. Transthoracic echocardiography revealed a
bicuspid aortic valve but no evidence of endocarditis. Computed tomography of the chest,
abdomen, and pelvis revealed left axillary lymph-node enlargement but no other remark-
able findings. The patient was presumed to have an unspecified viral illness. The myco-
phenolate mofetil was discontinued, and she was discharged home, with close outpatient
observation anticipated.

Clinicians must be cautious in the interpretation of the results of serologic tests in immu-
nosuppressed patients. These patients may have a component of humoral immunodefi-
ciency that impairs the ability to mount typical antibody responses to acute or recrudes-
cent infection. Thus, the absence of IgM antibodies to EBV or CMV, for example, would
have limited negative predictive value. Genomic or antigen-based studies are generally
more reliable in this setting. Parvovirus B19 infection was a consideration because of the
hematologic cytopenias, but it would not fully explain the skin findings. The absence of
detectable parvovirus B19 in a PCR study of the blood provides strong evidence against
this infection.

At this point, I am uncomfortable ascribing the fever to an undefined viral illness. The
clinical setting, duration of illness, and associated physical findings warrant additional
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evaluation for specific treatable causes. Since less invasive tests have been unrevealing,
histologic evaluation of the skin lesion, enlarged lymph nodes, or bone marrow should be
considered next.

Two days after discharge from the hospital, the patient was readmitted because of persis-
tent fever, malaise, and anorexia. The small erythematous lesion on her left index finger
had persisted without change. While she was hospitalized, the patient continited to have a
fever, with temperatures up to 40.5°C. Blood cultures from the previous admission
remained sterile after a one-week incubation period. The results of all the following inves-
tigations were negative: repeated blood and urine cultures; PCR assays for human herpes-
virus 6, CMV, EBV, hepatitis C virus, ehrlichia, and babesia; serologic tests for human
immunodeficiency virus, hepatitis B virus, and toxoplasma; a test for urinary histoplasma;
and tests for rheumatoid factor and antinuclear antibody. The erythrocyte sedimentation
rate and the C-reactive protein level were normal, and the results of a serum PCR assay for
polyomavirus type BK (BK virus) was positive, at 5200 copies per milliliter.

Reactivation of BK virus occurs commonly in transplant recipients who are infected with
this agent; the most common associated clinical syndrome is hemorrhagic interstitial cys-
titis. I doubt that BK virus infection explains the entire picture here. A general principle in
the evaluation of a patient with fever of unknown origin is to focus on and pursue any focal
abnormalities. Biopsy of the involved tissue may have been a more efficient approach in
this case.

Atthis point, [ still favor a diagnosis of disseminated infection with lymphatic and bone
marrow involvement; infection with bartonella is an intriguing possibility because of the
patient’s occupation and the presence of a skin lesion. Mycobacteria and fungi have notyet
been ruled out as possible causes; post-transplantation lymphoproliferative disorder
would be lower on my differential diagnosis.

The patient’s white-cell count decreased to 900 per cubic millimeter (with an absolute
neutrophil count of 200 per cubic millimeter), the hematocrit decreased to 20 percent, and
the platelet count decreased to 75,000 per cubic millimeter. A bone marrow biopsy revealed
normocellular marrow, which was negative for signs of cancer, infection with acid-fast
bacilli, fungal infection, or other, atypical infections.

Bone marrow examination has value in establishing the diagnosis of an infection such as
histoplasmosis or tuberculosis when there are abnormalities in the peripheral-blood
count. The results must be interpreted cautiously in this situation, since immunosuppres-

165









168

The NEW ENGLAND JOURNAL of MEDICINE

COMMENTARY

Fever of unknown origin is defined as a temperature of 38.3°C or greater on several occz
sions over a period of more than three weeks, accompanied by an uncertain diagnos.:
after three days of inpatient investigation or three outpatient visits.! The majority of cases
are caused by infections, tumors, and various noninfectious inflammatory diseases.: -
However, the spectrum of disease in immunocompromised patients who present wit-
fever of unknown origin tends to include infections more often than other illnesses.? Tk
increased risk of rapid clinical deterioration in immunocompromised patients unde:-
scores the importance of prompt diagnosis.3 Errors in the processing of available info:-
mation during the diagnostic evaluation can result in delays and missed diagnoses,2:4 as
occurred in the case under discussion.

The primary impediment to a more timely diagnosis in this case was the excessive reli-
ance on noninvasive diagnostic tests rather than tissue biopsy for direct examination eark
in the presentation. As the discussant notes, the findings of an erythematous lesion on the
left index finger and of ipsilateral axillary lymphadenopathy warranted directed evalua-
tion. The negative results on the serologic tests markedly reduced the treating physicians’
suspicion of bartonella infection and thus delayed biopsy and appropriate therapy.

Several aspects of the diagnostic challenge merit review. Undirected serologic and
immunologic tests have poor predictive value for evaluating fever of unknown origin
because of the low prevalence of the disorders for which they screen. Even with tests with
high specificity, the rate of false positive results remains unacceptably high.! The positive
PCR assay for BK virus provides an example of this general principle. Conversely, an exam-
ple of the opposite phenomenon occurred in the search for bartonella infection (since
there was a high pretest probability of the infection and a false negative test result).

Although they are commonly used to evaluate the possibility of bartonella infection,s
serologic tests have variable sensitivities and specificities.%? These discrepancies are
probably related to differences in the available tests and to spectrum bias, which can occur
when a diagnostic test is used in a patient who has characteristics different from those of
the reference population in which the test characteristics were defined.® The discussant
correctly emphasizes the low predictive value of serologic testing given that the patient’s
antibody response was probably blunted because of impaired T-cell function.3: Although
the results of blood cultures were also negative, the yield of this test is generally low.10

APCR test is available for bartonella, 11 but it requires examination of tissue samples. In
this case, PCR examination of the specimen from the core biopsy might have provided an
earlier diagnosis. Repeated serologic testing after a reduction in the level of immunosup-
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pression revealed a delayed antibody response, with elevated IgG titers. The diagnosis of
bacillary angiomatosis often requires a biopsy of lesions and the subsequent detection of
characteristic histopathological features or identification of the bacillus by Warthin-
Starry staining or electron microscopy.>

Both B. henselae and B. quintana have been associated with cat scratch disease, bacillary
angiomatosis, bacillary peliosis, splenitis, osteomyelitis, bacteremia, and endocardi-
tis.10:12,13 Whereas cat scratch disease most often affects healthy people, bacillary angio-
matosis occurs predominantly in patients with the acquired immunodeficiency syndrome.
Cases also have been described in organ-transplant recipients as well as in immunocom-
petent patients.5-14 Exposure usually occurs through the scratch or bite of a cat,13:25 This
patient was probably exposed while working as a veterinary assistant.

Patients with bacillary angiomatosis often present with cutaneous or subcutaneous
vascular proliferative lesions at the site of inoculation, as did this patient. These lesions
can be difficult to distinguish clinically from those associated with Kaposi’s sarcoma.16
Extracutaneous lesions may involve bone, mucosal surfaces, the central nervous system,
and even bone marrow,5 providing a potential explanation for this patient’s pancytope-
nia.}? Although the blood cultures were sterile, a bacteremic syndrome probably accounts
for this patient’s insidious, prolonged constellation of symptoms.S In general, prompt
treatment of bacillary angiomatosis may prevent the illness and death associated with
progressive disease.18

Despite their early recognition of bartonella infection as a potential cause of this
patient’s fever of unknown origin, the physicians pursued a noninvasive investigation.
Appropriate interpretation of negative serologic tests in an immunosuppressed patient
requires that a high index of suspicion for probable causes be maintained.

Supported by 2 Career Development Award from the Health Services Research and Development Program
of the Department of Veterans Affairs and a Patient Safety Developmental Center Grant from the Agency for Healthcare
Research and Quality (P20-HS11540, to Dr. Saint).
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FORGOTTEN BUT NOT GONE

ASHISH K. JHA, M.D., KAVEH G. SHOJANIA, M.D,,

AND SANJAY SAINT, M.D., M.P.H,

A 74-year-old man was brought to the emergency department after being found confused
and incapacitated at home. The patient lived in a residential hotel and had previously been
healthy and socially active. Having not seen him for three days, his friends entered his
room and found him on the floor, covered in stool. The patient was conversant but con-
fused, recalling only a recent fall and his inability to get up.

Causes of acute alteration in mental status fall primarily into four categories: infectious,
neurologic, drug-related, and metabolic. In elderly patients, infections are the most com-
mon cause, although the other causes remain frequent enough to be pursued just as assid-
aously. Neurologic causes include hemorrhagic and nonhemorrhagic stroke, seizures, and
subdural hematoma. Medications such as sedatives and opiates commonly cause confu-
sion. Metabolic disturbances include alcohol withdrawal, sodium disorders, hyperosmo-
.ar coma, and uremia. Other conditions, such as acute myocardial infarction or an intraab-
Jominal infection, can develop atypically in the elderly, predominantly with confusion as
the main finding.

The patient’s conversation was tangential. He reported fatigue, diffuse weakness, and a
minimally productive cough of four days’ duration. He reported that he had no previous
medical problemns and had not sought medical care for many years; that he took no regular
medications; and that he had not traveled outside the United States in more than 30 years.
He had quit smoking 15 years earlier and reported no serious alcohol or illicit-drug use.

Pneumonia is now my leading diagnosis. Elements of the clinical assessment do not indi-
cate which type of pneumonia, although Streptococcus pneumoniae is probably the leading
cause of severe community-acquired pneumonia. Pneumococcal pneumonia could cer-
tainly account for the patient’s confusion, even without overt bacteremia. Lung cancer pre-
senting as postobstructive pneumonia is possible, given his smoking history, as is cancer-
induced hypercalcemia. An acute exacerbation of chronic bronchitis is unlikely to present
in this manner.
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On physical examination, the patient was disheveled but in no acute distress. He was afe-
brile with a heart rate of 103, a respiratory rate of 16 breaths per minute, a blood pressure
of 145/72 mm Hg, and an oxygen saturation of 95 percent breathing room air. He haé
mildly icteric sclera and several missing front teeth; the remainder of the examination of
his head was normal. His neck was supple without evidence of meningeal irritation. He
had occasional inspiratory crackles in the lower left lung field, and the cardiac examina-
tion revealed a 2/6 early systolic murmur at the lower left sternal border that did not change
with inspiration. His abdomen was soft without tenderness or hepatosplenomegaly. Bowel
sounds were present. The rectal examination revealed guaiac-positive brown stool. Motor
strength was 4/5 in the upper and lower extremities bilaterally. The sensory examination
was normal, with symmetric reflexes in the upper and lower extremities. The patient
could recall his name and where he lived but did not know the name of the hospital, the
date, or the year. He was able to recall only one of three objects mentioned.

The patient’s vital signs and lung findings are consistent with the presence of pneumonia.
but the icterus adds additional possibilities. Though the patient reported that he did
not drink heavily, his appearance obliges us to consider the possibility of alcoholic liver
disease, complicated by pneumonia and hepatic encephalopathy. We should also consid-
er other causes of jaundice. Acute viral hepatitis seems unlikely without recent exposure
risks. Cholecystitis or gallstone pancreatitis could cause icterus, but he reported no
abdominal pain. Hemolytic causes of jaundice, including unrecognized chronic lympho-
cytic leukemia, should be considered. Given the presence of a heart murmur, endocardi-
tis is possible. Nevertheless, community-acquired pneumonia remains the most likely
diagnosis.

Laboratory tests revealed a white-cell count of 8300 per cubic millimeter, a hematocrit of
43 percent with a mean corpuscular volume of 89.5 pm3, and a platelet count 0f 69,000 per
cubic millimeter. The serum sodium concentration was 132 mmol per liter, and the serum
calcium concentration was 8.1 mg per deciliter (2.0 mmol per liter); other serum electro-
lyte levels were normal. The results of other laboratory tests were as follows: blood urea
nitrogen, 31 mg per deciliter (11.1 mmol per liter); aspartate aminotransferase, 256 U per
liter; alanine aminotransferase, 77 U per liter; alkaline phosphatase, 214 U per liter; total
bilirubin, 6.2 mg per deciliter (106.0 pmol per liter); direct bilirubin, 3.5 mg per deciliter
(59.8 pmol per liter); and creatine kinase, 26 U per liter. His albumin level was 1.9 g per
deciliter, and the prothrombin time was 13.4 seconds (international normalized ratio,
1.2). The partial-thromboplastin time was elevated, at 37.9 seconds. Other than revealing
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tachycardia, his electrocardiogram was normal. A chest radiograph obtained with porta-
ble equipment revealed slight haziness in the left lower lobe with clearly visible borders of
the left heart and diaphragm — findings that are most consistent with the presence of
atelectasis. Radiographs of his hips and lower extremities revealed no fractures. Two sets
of blood cultures were performed.

Despite the patient’s denial of excessive alcohol use, it is increasingly difficult to discount
the possibility of cirrhosis. The levels of aspartate aminotransferase and alanine amino-
transferase in combination with thrombocytopenia (not to mention the several missing
teeth) all suggest the possibility of alcoholic cirrhosis. Acute causes of liver injury seem
less likely, as they would leave unexplained the low albumin level, and the history was not
consistent with chronic malnutrition. Given the hyperbilirubinemia, I would also con-
sider cholestatic processes, especially cancer of the gallbladder or pancreas. Intrahepatic
causes of cholestasis are possible, including infiltrative disorders (e.g., sarcoidosis or
amyloidosis), infections (e.g., abscess or tuberculosis), and metastatic carcinoma.

Regardless of the underlying problem, an acute event has also occurred. Given the
patient’s age, the absence of fever does not diminish my concern about infection; this
remains the most likely cause. Although the findings on the chest radiograph appear to be
consistent with atelectasis, pneumonia is a reasonable diagnosis. At this point, I would err
on the side of administering empirical antibiotics to provide coverage for common bacte-
rial causes of pneumonia and for an abdominal infection such as cholangitis. [ would
obtain a measurement of the serum ammonia level to see whether hepatic encephalopathy
may account for the patient’s delirium.

The patient was admitted with a diagnosis of dehydration and possible community-
acquired pneumonia and was treated with intravenous saline, intravenous cefuroxime,
and oral doxycycline. He was given thiamine and folate. On the second hospital day, the
patient’s clinical condition improved. He was conversant, interactive, and lucid. He could
identify the month and year and stated that he felt better. On the third hospital day, the
patient became tachypneic, and his mental status worsened. By the end of the third hospi-
tal day, he was unresponsive and required supplemental oxygen to maintain the blood
oxygen saturation above 92 percent. A second chest radiograph revealed bilateral patchy
opacities (Figure 1), Arterial-blood gas analysis revealed a partial pressure of oxygen of 70
mm Hg, a partial pressure of carbon dioxide of 32 mm Hg, and a pH of 7.38 while the
patient was breathing 6 liters of oxygen through a nasal cannula. A computed tomographic
(CT) scan of the head, obtained without the administration of contrast material, was nor-
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-nfiltrates on his chest radiograph may represent acute respiratory distress syndrome due
-0 worsening sepsis rather than pneumonia. The cause of the sepsis may be an intraab-
Jominal infection (e.g., cholangitis) that responded partially to the treatment for com-
munity-acquired pneumonia but has now progressed.

On the fourth hospital day, the patient’s condition worsened, with a body temperature of
35.4°C, a respiratory rate of 24 breaths per minute, a pulse of 120 beats per minute, and a
blood pressure of 85/50 mm Hg. Worsening hypoxemia necessitated intubation and trans-
fer to the intensive care unit, where a third chest radiograph showed increased patchy
infiltrates bilaterally. Multiple cultures of blood and urine were performed, and a test for
the human immunodeficiency virus (HIV) was obtained. His antibiotic regimen was
changed to include piperacillin-tazobactam and gentamicin. Pulmonary-artery catheter-
ization revealed a cardiac index of more than 5 liters per minute per square meter of body-
surface area, a systemic vascular resistance of less than 300 dyn - sec - cm™3, and a pulmo-
nary-capillary wedge pressure of 15 mm Hg.

Although hepatic dysfunction can cause hypotension, we must assume that the patient has
sepsis on the basis of his hemodynamic measurements and hypothermia. The patient
either has pneumonia as the cause of these infiltrates with sepsis secondary to pneumonia
or has some other cause of sepsis (probably an intraabdominal cause) with pulmonary
edema. Pneumonia has been the leading diagnosis from the start and remains so, with an
increasing likelihood of a resistant organism. Thus, while I agree with broadening the
antibiotic coverage, vancomycin is also indicated for penicillin-resistant pneumococcal
infection. [ am also concerned about legionella infection, given his nonproductive cough,
hyponatrémia, and poor response to B-lactam antibiotics and aminoglycosides. Tubercu-
losis or a fungal infection seems unlikely, given the acute presentation and brief improve-
ment with cefuroxime and doxycycline.

To look for other possible sources of sepsis, | would order an abdominal CT scanand an
echocardiogram. One additional possibility is adrenal insufficiency, which may compli-
cate critical illness. [n this patient with hypotension, hypothermia, and hyponatremia, I
would perform a corticotropin stimulation test or consider measuring the cortisol level in
1 random serum specimen, but would initiate empirical treatment with corticosteroids
while awaiting the result.

The patient remained hypotensive, despite the use of dopamine and phenylephrine hydro-
chloride, and hypoxemic, despite 100 percent inspired oxygen delivered by a ventilator. All
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blood and urine cultures and the HIV test were negative. An echocardiogram was notabw
only for hyperdynamic left ventricular function, without wall-motion abnormalities
Abdominal ultrasonography revealed a thickened gallbladder wall with pericholecystx
fluid but no stones and normal hepatic and biliary ducts. Further radiographic studies or
bronchoscopy was not performed, because of the patient’s unstable clinical condition. Hx
hemoglobin level decreased to 6 g per deciliter. He passed large amounts of black stoo
that were guaiac-positive. His blood pressure continued to drop, despite aggressive fluic
support and use of vasopressor medications. The patient died on the sixth hospital day. Ar
autopsy was performed.

The patient’s subsequent deterioration did not undermine the initial diagnosis of pne:-
monia but shifted concern to a resistant organism — penicillin-resistant Streptococcus pne.-
monige, multidrug-resistant Haemophilus influenzae, Pseudomonas aeruginosa, or legionellz
The tempo of the illness still seemed quick for tuberculosis or fungal infection. [ expec
the autopsy to reveal pneumonia and hope that tissue cultures identify the organism.

The autopsy revealed a normal gallbladder and bile ducts and a slightly enlarged liver with
micronodular cirrhosis. Evidence of a previous myocardial infarction, congestive hepatopa
thy, and diffuse alveolar damage with pulmonary edema and hyaline membranes were pres-
ent. There was blood in the stomach and small bowel. Pathological specimens from the
lungs (Figure 2A), mediastinal lymph nodes (Figure 2B), liver, and kidney showed necrotiz-
ing granulomas, with acid-fast bacilli appreciable in some specimens, a finding that is diag-
nostic of systemic tuberculosis infection. Both adrenal glands had extensive involvement of
necrotizing granulomas as well (Figure 2C). Examination of the brain and spinal cord
revealed no acute abnormalities. Two physicians involved in the patient’s care subsequently
had positive tests with purified protein derivative for mycobacterium exposure. Their chest
radiographs were normal, and they received six months of prophylactic therapy.

COMMENTARY

Although the severe acute respiratory syndrome (SARS), West Nile virus infection, anthrax,
and infections with various poxviruses are claiming the attention of patients and physi-
cians, tuberculosis remains a major cause of morbidity throughout the world. In 2002.
tuberculosis was responsible for more than 2 million deaths worldwide?! and, in 2001,
more than 15,000 infections in the United States.2 However, if tuberculosis is not consid-
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not obviously indicate tuberculosis. Clinicians often try to find simple explanations -
expedite the evaluation and care of elderly patients found incapacitated.3 Here, the cliz
cians considered common causes, such as urinary tract infection, pneumonia, electrol--
abnormalities, and cardiovascular events, and treated the patient empirically for a bac:-
rial pneumonia. In one study of patients who were found helpless or dead in their home:
one out of three patients had an infection.3 Neurologic events and cardiac disorders we=
the next most likely causes of being found in this state. Unless the cause is obvious, z_
these possibilities should be evaluated. Aside from pneumonia, other causes, including :
neurologic event, warranted greater attention in this case. Early evaluation of hepat::
encephalopathy, stroke, or a central nervous system infection (due to subacute mening.-
tis, for example) would have been appropriate though unlikely to lead to the correct ante-
mortem diagnosis.

Initially, the patient’s condition seemed to improve. Dehydration and malnutrition ca:
complicate many disease processes, especially infections, and correction of these prob-
lems can result in apparent improvement, while the underlying cause remains untreatec
Such improvements should not curtail the evaluation of other diagnoses. As noted by th:
discussant, adrenal insufficiency warranted consideration when the patient remainec
hypotensive. The threshold for evaluating and empirically treating adrenal insufficienc:
in critically ill patients should be low, given an incidence as high as 40 percent in this
population.# Although cortisol levels were not measured, the diffuse involvement of the
adrenal glands that was apparent at autopsy suggests that adrenal insufficiency due tc
tuberculosis probably complicated the patient’s illness. Tuberculosis remains an impor-
tant cause of primary adrenal insufficiency.’

This case highlights the value of autopsy. Unfortunately, the autopsy rate continues to
decline in the United States; in 1994, the most recent year for which figures are available.
autopsies were performed after only 6 percent of deaths in nonforensic cases.® Yet there
continues to be a large discrepancy between clinical diagnoses and autopsy findings, with
a median major-error rate of 24 percent.® Without an autopsy, the patient’s clinicians
would have neither recognized their exposure to tuberculosis nor had the opportunity to
learn in order to improve the care of future patients. The possibility that an autopsy will
unearth important clinical information is sufficiently high that initiatives to improve
autopsy rates are needed.

Finally, it is important to remember that tuberculosis has varying clinical manifesta-
tions, especially when infection is widely disseminated. The discussant considered but
rejected tuberculosis as a diagnosis, because the clinical course was too quick. Although
miliary tuberculosis commonly has a subacute presentation,”8 it may be manifested as a
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syndrome of rapidly progressing multiorgan dysfunction with sepsis®1° or as the acute
respiratory distress syndrome.11:12 Miliary tuberculosis is more common among immu-
nocompromised patients, including thosewith the acquired immunodeficiency syndrome,
children under the age of five years, and the elderly. The mortality associated with miliary
tuberculosis approaches 50 percent. Because miliary tuberculosis reflects hematogenous
spread of the mycobacterium, it typically affects multiple organs (e.g., the liver, spleen,
and adrenal glands), with central nervous system involvement in up to 20 percent of
patients.”"® Though miliary tuberculosis derives its name from the tiny, discrete granulo-
mas resembling millet seeds seen on chest radiography, the chest radiograph is interpreted
as normal in approximately 40 percent of cases.13 Transmission to others is uncommon
but may have occurred in this case.

Although not as headline-grabbing as SARS or West Nile virus infection, tuberculosis
remains a major cause of morbidity and mortality throughout the world and in the United
States. With rising numbers of elderly people and the increasing rate of chronic immuno-
suppression, clinicians should consider the possibility of tuberculosis even if the clinical
manifestations and presentation are atypical.

Supported by a National Research Service Award from the Agency for Healthcare Research and Quality (to Dr. Jha)
and a Career Development Award from the Health Services Research and Development Program
of the Department of Veterans Affairs and a Patient Safety Developmental Center Grant (P20HS11540) from the Agency
for Healthcare Research and Quality (both to Dr. Saint).

We are indebted to Henry Holdt for his critical aid in obtaining pathological and radiologic data.

This article first appeared in the June 3, 2004, issue of the New England Journal of Medicine.
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A TWIST OF FATE?

A Twist of Fate?

MICHAEL D. CHRISTIAN, M.D., AND ALLAN S. DETSKY, M.D., PH.D.

A 39-year-old Sri Lankan male physiotherapist presented to an emergency department in
“oronto with a three-day history of headache, chills, diarrhea, nausea, vomiting, and neck
wiffness. He reported having had vertigo, left-sided facial paresthesia, incoordination,
and dysarthria, which had lasted for several minutes at the onset of his illness. These
wmptoms disappeared and were followed by the other symptoms noted above. His history
m3s significant only for type 2 diabetes mellitus and chronic neck symptoms following a
motor vehicle collision seven years earlier.

The patient reported that his symptoms had begun shortly after he had eaten a dorado
tish that was freshly caught and imported from the Dominican Republic by his brother.
He was worried about possible poisoning due to “red tide,” a contamination of water by
wnic algae.

T-e dorado fish, along with other species of fish from the Caribbean, has been associated
v::h ciguatera poisoning. Although at first glance this may seem unlikely in an urban
~ater in North America, such poisoning is possible outside of regions where ciguatera is
=Jemic if fish that have been contaminated with ciguatoxin are exported or are eaten
ccally by travelers who then return home. During the past decade, we have seen several
=:ses of this disorder per year at the hospital where the patient presented. The hospital is
s-uated near a large fresh-food market.

The patient has some symptoms that are consistent with ciguatera poisoning, including
zaresthesia beginning in the face, headache, vertigo, incoordination, diarrhea, nausea,
i~d vomiting. However, other findings make this diagnosis unlikely. Among those find-
=gs is the transient nature of the paresthesia. Although the gastrointestinal manifesta-
=ons of ciguatera may resolve within hours, the neurologic manifestations tend to last for
: minimum of several days. The lateralization of the neurologic symptoms is also incon-
sistent with ciguatera poisoning and raises concern about a focal lesion in the central ner-
=us system that could have been caused by a stroke, a tumor, or an abscess.

The patient’s brother was contacted. He confirmed that the fish had been caught the day
efore its consumption. He had transported it on ice by airplane to Toronto, where he was
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visiting family. A physician who was contacted in the Dominican Republic reported tha
the algae containing ciguatoxin were not in bloom at that time.

While the report that algae were not in bloom does not complately rule out ciguatera poi-
soning (large fish can accumulate the toxin over time), the constellation of signs an¢
symptoms (and their duration) make this diagnosis unlikely. (See addendum.)

On examination, the patient appeared acutely ill, with a dazed appearance, a heart rate of
96 beats per minute, a respiratory rate of 14 breaths per minute, a blood pressure of 124/80
mm Hg, and a temperature of 35.8°C. The neurologic examination was normal except that
the patient was drowsy and had a sustained horizontal nystagmus on leftward gaze. His
neck was supple and was negative for Kernig’s and Brudzinski’s signs. The remainder of
the physical examination was normal. The results of initial laboratory tests were as fol-
lows: hemoglobin level, 15.2 g per deciliter; white-cell count, 13,100 per cubic millimeter
(neutrophilia); platelet count, 267,000 per cubic millimeter; and normal levels of electro-
lytes, creatinine, glucose, and prothrombin and a normal partial-thromboplastin time.

The combination of acute headache and neck pain with focal neurologic symptoms ini-
tially suggests a primary neurologic disorder. The diagnoses that come to mind first are
the stroke syndrome, migraine headache, and infections of the central nervous system.

While the patient was in the emergency department, his temperature increased to 38.0°C.

The presence of fever, headache, and drowsiness arouses concern about the possibility of
meningoencephalitis. Although I would want to evaluate the patient for infection as
quickly as possible, the history of paresthesia, dysarthria, and incoordination at the onset
of the illness, plus nystagmus when the patient was examined, calls for neuroimaging
studies to rule out a mass lesion before a lumbar puncture is performed. Computed tomo-

. graphic (CT) scanning would be reasonable to rule out a mass lesion; if no mass effect is

found, alumbar puncture should be performed. The presence of transient focal neurologic
deficits provides a rationale for ordering magnetic resonance imaging (MRI) of the brain
if the CT scan and lumbar puncture fail to explain the symptoms and signs. MRI is more
sensitive than CT for detecting strokes and abnormalities associated with infectious
meningoencephalitis.
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CT scanning of the head showed no evidence of a space-occupying lesion or an intracra-
aial hemorrhage. An emergency room physician then performed a lumbar puncture,
which was uncomplicated and successful on the first attempt. Analysis of the clear and
colorless cerebrospinal fluid revealed the following values: in the first tube, 197 leuko-
ovtes per cubic millimeter and 7690 erythrocytes per cubic millimeter; in the fourth tube,
237 leukocytes per cubic millimeter (90 percent of which were neutrophils), 4700 erythro-
sytes per cubic millimeter, 181 mg of protein per deciliter, and 124 mg of glucose per deci-
liter (6.9 mmol per liter); the serum glucose level was 162 mg per deciliter (9.0 mmol per
iiter). Staining was negative for bacteria, acid-fast bacilli, and yeast. A rapid latex-aggluti-
nation test for cryptococcal antigen was negative. -

The elevated red-cell count in the cerebrospinal fluid is probably not an indication of a
subarachnoid hemorrhage, given the marked fall in the erythrocyte count between the
“irst and fourth tubes and the absence of xanthochromia. Even though the lumbar punc-
-ure was reported as uncomplicated, it was most likely traumatic. The leukocyte count can
e elevated with traumatic lumbar puncture, but the ratio of the white-cell count to the
-ed-cell count should be no more than 1:500 in this setting. In the fourth tube, the ratio of
-he white-cell count to the red-cell count was 1:20, suggesting there is a true leukocytosis.
faced with a fever and leukocytosis in the cerebrospinal fluid, with a high proportion of
neutrophils, the first consideration is always bacterial meningitis. However, that diagno-
sis is unlikely in this case since I would expect the white-cell count in the cerebrospinal
{luid to be higher and the glucose level lower, and that, after 72 hours of illness, the patient
would be more severely ill. The negative results of Gram’s staining are not particularly
helpful, given its low sensitivity. Although bacterial meningitis is unlikely, a negative cul-
ture is required to exclude the possibility in this case. Viral meningoencephalitis can also
cause fever and an elevated white-cell count in the cerebrospinal fluid, but again that diag-
nosis does not fit well with the findings in this case. Typically, the leukocytosis in the
cerebrospinal fluid will have a lymphocytic predominance in viral infections. A final con-
sideration with respect to infectious agents is mycobacterial meningitis, which can also
cause focal neurologic symptoms. In the small proportion of patients who present with
acute tuberculous meningitis, the findings in the cerebrospinal fluid may include a neu-
trophil-predominant leukocytosis, often with a count above 1000 per cubic millimeter.
However, most patients with tuberculous meningitis present with a longer duration of
symptoms and a leukocytosis with a lymphocytic predominance.

While awaiting the results of the cerebrospinal fluid cultures, I would administer
broad-spectrum antibiotics to cover meningococcus, pneumococcus, Haemophilus influen-
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MRI of the brain showed an abnormality in the left cerebellar hemisphere. However, the
study was considered nondiagnostic since the images were of poor quality due to move-
ment artifact. Another scan was obtained (Figure 1) in conjunction with three-dimen-
sional magnetic resonance angiography (Figure 2). This study showed increased signal
intensity on T -weighted images, with enhancement after the administration of contrast
material, in the posteroinferior arterial territory of the left cerebellar hemisphere. The
magnetic resonance angiogram showed irregularities in the left vertebral artery at the
C1-2 level, which is consistent with vertebral-artery dissection; there was no evidence of
hemorrhage. All the cultures were negative, as were polymerase-chain-reaction assays of
the cerebrospinal fluid for herpes simplex virus, cytomegalovirus, and Mycobacterium
tuberculosis; a test for serum antibodies against human immunodeficiency virus types 1
and 2; and serologic Venereal Disease Research Laboratory tests for syphilis.

Given the MRI results showing vertebral-artery dissection and the negative results on
investigations for infection, I would discontinue all antimicrobial agents and initiate anti-
coagulation.

Warfarin was administered, and the patient’s condition improved, with complete resolu-
tion of his fever, nausea, vomiting, and diarrhea. He was discharged with a plan for war-
farin to be discontinued after three months if repeated magnetic resonance angiography
showed a normal vertebral artery and reestablishment of normal blood flow.

COMMENTARY

In this case, the patient’s initial presentation included nausea, vomiting, and transient
neurologic symptoms. His rapidly increasing fever and the cerebrospinal fluid abnormal-
ities confused the clinical picture. Since the patient had recently eaten a dorado fish, he
was concerned about ciguatera poisoning,**4 but this proved to be a red herring. When
considering diagnostic possibilities, clinicians must first consider those that have serious
consequences if left untreated. However, clinicians must also attend to the patient’s
concerns. In this case, the pattern and time course of signs and symptoms ruled out the
diagnosis that was his primary concern. (See addendum.)

The diagnosis of vertebral-artery dissection could have been made earlier if MRI had
been performed initially instead of CT. However, the decision regarding which neuroim-
aging technique to use is neither easy nor without controversy. The American College of
Emergency Physicians recently considered the question about choice of neuroimaging
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when it was developing its guidelines for the management of acute headaches.5 After care-
ully considering the evidence, the group recommended CT without the administration of
contrast material for patients with acute headaches and neurologic symptoms. In addi-
:ion, CT is more sensitive than MRI for detecting hemorrhage in the central nervous sys-
tem. On a practical level, in many emergency departments such as ours, CT is more readily
available and faster to perform than MRI is, and unlike MR, CT can be used in patients
who have metal or implantable devices in their bodies and can be performed more easily
in patients who have claustrophobia. These are important considerations, given that time
is of the essence when considering a diagnosis of bacterial meningitis. Whereas CT is
more sensitive for the detection of acute hemorrhage, MRI provides more detailed images
of the brain and may detect strokes and other conditions that are missed by CT, including
signs of meningoencephalitis, which was a serious concern in this case. In the end, it
seems reasonable to start with CT in order to rule out contraindications for lumbar punc-
ture and then move to MRI if further information is required to explain the focal neuro-
logic deficits.5

Several aspects of this case made it difficult to arrive at a diagnosis immediately. The
first was the patient’s concern about the possibility of ciguatera poisoning. Although a
diagnosis of vertebral-artery dissection would account for fever, nausea, and vomiting, it
would not account for diarrhea and chills.

Once the history of neck manipulation came to light, stroke caused by vertebral-artery
dissection became an important consideration, Since the CT scan was negative, there was
an urgent indication for MRI followed by magnetic resonance angiography, with its
increased sensitivity for detecting infarcts and vertebral-artery dissection.6?

Because of their anatomy, the vertebral arteries are particularly susceptible to injury
resulting from head or neck torsion. When dissection occurs, the initial symptoms of neck
pain and headache are caused by the direct trauma to the arteries. Subsequently, focal
neurologic symptoms may develop as a result of ischemic injury to the cerebellum or brain
stem from arterial occlusion by the intimal flap or artery-to-artery thromboembolism.¢
The hallmark symptoms are neck pain and headache, which occur in 47 to 79 percent of
cases.89 Patients tend to describe the headache as very severe, sharp, one-sided, and radi-
ating from the neck,® and as being different from any other pain they have experienced.
The onset of neck pain or headache typically precedes the development of neurologic
symptoms. The delay before the neurologic symptoms and signs develop is usually less
than 24 hours®:8:° but may range from several minutes to two months. Symptoms and
signs reflect the territory of the brain involved, such as a lateral medullary stroke (i.e.,
Wallenberg’s syndrome) or cerebellar stroke, and include vertigo, nausea, vomiting, dip-
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lopia, tinnitus, dysarthria, dysphagia, and hemiparesthesia. In the present case, nausea,
vomiting, and nystagmus were consistent with infarction of the cerebellum.

In this case, the neck manipulation may have caused the dissection. Twisting of the
neck from a wide variety of activities (including coughing, sports, lifting, ceiling painting,
yoga, archery, and falls) has been associated with vertebral-artery dissection. Several
recent reports have described an association of the condition with chiropractic neck
manipulation.”-19-13 When patients, especially those under 60 years of age, present with
an acute onset of a focal neurologic deficit (i.e., a stroke syndrome) involving a part of the
brain that is supplied by the posterior circulation, they should be routinely questioned
about neck manipulation or other activities that cause rapid neck movements.

The management of vertebral-artery dissection remains controversial and has not been
examined in any randomized, controlled trials. Anticoagulant therapy is the current stan-
dard of care in the absence of apparent hemorrhage on imaging and is typically continued
for three to six months,14 followed by long-term antiplatelet therapy. The rationale is to
prevent thromboembolism from the vertebral artery to the brain, which is the most fre-
quent complication of vertebral-artery dissection.® The main exception is intradural ver-
tebral-artery dissection, in which anticoagulation is contraindicated because of the high
incidence of associated subarachnoid hemorrhage. In such cases, antiplatelet agents are
sometimes used instead. The optimal time to begin anticoagulation remains uncertain.
Recently, interest has been growing in the use of angioplasty and stenting to treat verte-
bral-artery dissection. However, there is evidence that anticoagulant therapy alone often
results in the resolution of neurologic symptoms and may prevent recurrence.!5

We are indebted to Dr. Richard Farb for interpretation of the neuroimaging studies and preparation of the images,
and to Dr. Hillar Vellend for his insights into the case and years of mentorship.

This article first appeared in the July 1, 2004, issue of the New England Journal of Medicine.
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ADDENDUM

The fifth paragraph of our article states that “A physician who was contacted in the Dominican Republic
reported that the algae containing ciguatoxin were not in bloom at that time.” In the original article, the
subsequent statement (removed in this compilation) suggested that the information was useful in ruling out
the possibility of ciguatera poisoning. In a letter to the editor, Dr. Selcer pointed out that the seasonality of
the toxin-containing algae blooms is not sufFicient to rule out ciguatera poisoning.'

Although some investigators have noted a seasonality in the incidence of ciguatera poisoning,*® others
have not.* Ciguatera most often results when humans consume reef-eating fish, which in turn have con-
sumed herbivorous fish, which in their turn have ingested the original toxin in marine algae. The marine
algae carrying the toxin do bloom in a seasonal pattern during periods with warmer seawater temperatures.
However, despite this seasonal variation, because humans eat fish from the higher end of the food chain in
which biomagnification of the toxin has occurred, the seasonality is not as distinct, nor is it sufficient in
itselfto rule out ciguatera poisoning.

The patient’s presentation, in particular the duration of symptoms and their unilateral distribution, most
convincingly argue against the diagnosis of ciguatera poisoning.

1. Selcer UM. Ciguatera poisoning N Engl ] Med 2004;351:2020.

2. Hales S, Weinstein P, Woodward A. Ciguatera (fish poisoning), El Nino, and Pacific sea surface temperatures. Ecosystem
Health 1999;5(1):20-5.

3. Lawrence DN, Enriquez MB, Lumish RM, Maceo A. Ciguatera fish poisoning in Miami. JAMA 1980;244:254-8.

4. MorrisJG Jr, Lewin P, Smith CW, Blake PA, Schneider R. Ciguatera fish poisoning: epidemiology of the disease on

St. Thomas, U.S. Virgin Islands. Am ] Trop Med Hyg 1982;31:574-8.
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A Bitter Tale

LORI S. NEWMAN, M.D., PH.D., MARK W. FEINBERG, M.D.,

AND HOWARD E. LEWINE, M.D.
A 53-year-old woman presented to an outpatient urgent care clinic with persistent nausea
and vomiting. On the previous evening, she had had an acute onset of nausea that was fol-
lowed by vomiting and light-headedness. The vomiting had occurred approximately every
hour for 18 hours. She had mild discomfort in the chest and abdomen but reported no
headache, fever, chills, diarrhea, shortness of breath, or diaphoresis.

These symptoms are nonspecific. The most likely cause is gastroenteritis or gastritis.
Other gastrointestinal disorders — including hepatitis, cholecystitis, and pancreatitis —
are possible, especially if she is febrile. The persistence of nausea and vomiting also raises
the possibility of gastrointestinal obstruction. Knowledge of the quantity and quality of
the emesis might help in differentiating the level, if obstruction is indeed the cause. A
central nervous system process may cause nausea and vomiting; however, the patient did
not have a headache or report other neurologic symptoms. I am concerned about an atypi-
cal presentation of an acute coronary syndrome. Women are more likely than men to pres-
ent without classic chest pain; nausea and abdominal discomfort may be the primary pre-
senting symptoms.

The patient had a history of the irritable bowel syndrome, attention-deficit disorder,
hypercholesterolemia, and allergic rhinitis. Her medications included atorvastatin and
methylphenidate. She had gone through menopause one year earlier and had been taking
estrogen and medroxyprogesterone since that time. A brother had coronary artery disease
with an onset before the age of 50 years. The patient had stopped smoking at the age of 40.
She reported drinking a glass of wine occasionally, with no recent increase in alcohol con-
sumption, and exercising for three hours per week.

A prescription medication, over-the-counter drug, herb, or supplement can induce gastri-
tis or acute hepatitis or have a neurotoxic effect that might cause her symptoms. Of her
medications, statins are associated with a mild increase in the aminotransferase level, but
they very rarely induce symptomatic hepatitis. The patient should be asked specifically
about the use of aspirin and nonsteroidal antiinflammatory drugs, which have gastric
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toxicity, and acetaminophen, in view of its hepatic toxicity. The patient’s postmenopa_:..
status, her use of hormone-replacement medications for the previous year, and her bree-
er’s premature coronary disease add to my concern about an acute ischemic event.

On physical examination, the patient had a heart rate of 36 beats per minute, with a reg:-
lar rhythm, and a supine blood pressure of 110/60 mm Hg. When sitting up, she hac ;
heart rate of 38 beats per minute and a blood pressure of 90/50 mm Hg. She was afebrie
and had an oxygen saturation of 98 percent while breathing room air. She had minima
tenderness in the right upper quadrant of the abdomen without guarding or rebound. Th
cardiac examination revealed no murmurs, gallops, or rubs. The patient’s lungs we
clear on auscultation. Her extremities were warm, with intact pulses and no edema. She
had no impairment of cognition or memory and no focal neurologic abnormalities.

With the patient’s history of vomiting and orthostasis, I am surprised she does not ha:«
tachycardia. Perhaps she has a gastrointestinal illness with an exaggerated vagal respons-
However, this would be an unusual cause of persistent bradycardia. I would wonder abo .~
an underlying conduction defect that predisposed her to an exaggerated vagal respons:¢
Although she engages in regular physical activity, it is unlikely that the amount of exercis:
she reports could account for this degree of bradycardia. Hypothyroidism might cause :
sinus bradycardia, but even with increased vagal tone, her heart rate is extremely slow. It i:
possible that she has the sick sinus syndrome, but she is rather young for this disorder.

The patient might have an underlying infiltrative cardiomyopathy with a conductio=
defect, such as Lyme disease, sarcoid, or amyloidosis. Undiagnosed congenital heart disease
or muscular dystrophy with heart block would be expected to present at a younger age.

[ am still very concerned about an acute coronary syndrome, particularly an inferior-
wall myocardial infarction with heart block. Ifthis is not an exaggerated vagal response or
active ischemia, then ingestion of a drug (such as a beta-blocker, a calcium-channe!
blocker, or digoxin) or other toxin that causes bradycardia needs to be considered.
although the patient reports no such history. At this time, I would order an electrocardio-
gram, establish intravenous access, give her an aspirin, and call foran ambulance to trans-
port her to the hospital.

The patient was transferred to the emergency department. On arrival, she continued to
have bradycardia, with a blood pressure of 100/50 mm Hg. An electrocardiogram revealed
a marked sinus bradycardia at a rate of 36 beats per minute with nonspecific ST-T wave
abnormalities (Figure 1). Her initial creatine kinase level was 247 U per liter (normal
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hours after the onset of the patient’s symptoms are somewhat reassuring. Since she
symptomatic, serial electrocardiography, measurement of cardiac enzyme levels, and c:-
diac monitoring are still appropriate, but attention should be focused on diagnoses ott-
than cardiac ischemia.

I am surprised that the serum potassium level is slightly elevated in the setting of vo--
iting and normal renal function. However, the presence of U waves suggests that eith~
intracellular potassium levels may be reduced or the initial laboratory value was an errc-
U waves can also be a toxic effect of medication (e.g., quinidine). The sinus bradycardia -
conjunction with the concave pattern of the ST depressions also raises the suspicion o: .
toxic effect of digoxin; however, other drugs can have this effect as well.

The patient continued to have a heart rate in the 30s, with persistent nausea and occasiona
vomiting. She was given 0.5 mg of atropine intravenously, which was followed by a promp
increase in the heart rate to 70 beats per minute. Additional details of her history confirmer
that she had not taken any unusual medications and that her most recent refills of medic=
tions did not appear to differ from her usual pills. She reported no recent travel, hiking, o
tick bites. She said that she had consumed a salad with dandelion leaves from her partner
inner-city garden two days before admission and again one day before admission.

Witn this additional information, a toxic ingestion seems most likely. Eating dandelic-
leaves is relatively safe, especially when they are eaten as part of a salad. The two mos
commonly reported side effects of ingesting dandelions are diuresis and an elevation .-
the blood glucose level.

What else might the patient have consumed or been exposed to that could cause th :
clinical picture? Her nausea, abdominal discomfort, and bradycardia might indica::
organophosphate poisoning. However, the onset of symptoms from excessive acetylchc-
line activity can occur within 4 hours after pesticide exposure and routinely occurs with; -
12 hours, whereas this patient’s symptoms started more than a day after she first ate tt+
salad. Also, she did not have some of the other classic symptoms of organophosphate pc -
soning, such as headache, abdominal cramping, diarrhea, blurred vision with smz.
pupils, excessive sweating, and increased salivation.

Since her bradycardia responded to a small dose of atropine, there is no urgent indic.-
tion for placement of a temporary pacemaker. If her hemodynamic status became comprc-
mised, advanced heart block developed, or she did not have a response to atropine, st
then would be a candidate for a pacemaker.
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dard digoxin serum assay. The serum digoxin level is only a rough indication of possib:s
toxicity. A serum digitoxin level may correlate more closely with symptoms and cardia:
manifestations of toxicity.

The patient and her partner reaffirmed that the patient had not taken digoxin. However.
the patient’s partner reported that he was growing foxglove in his garden. The patient
described where she had picked dandelion leaves for her salad, and he confirmed that this
was the location where he was growing foxglove. The digitoxin level, measured on the
third hospital day, was 43 ng per milliliter (therapeutic range, 10 to 32).

Digitoxin is the principal active agent in the foxglove leaf. Therefore, the patient’s digi-
toxin level is consistent with recent ingestion of foxglove. Digitoxin differs from digoxir.
in that digitoxin has a much higher gastrointestinal absorption, has a longer half-life
(four to six days rather than two), is more protein-bound, and is cleared less by the kid-
neys and metabolized more in the liver. Because the effects of digitoxin are likely to persis:
longer than those of digoxin, the patient should be monitored in the hospital until her
symptoms and bradycardia resolve.

Should the patient be treated with digoxin-specific-antibody Fab fragments? The gen-
erally accepted indications for this therapy are persistent hyperkalemia, life-threatening
ventricular or supraventricular arrhythmias, hemodynamically significant bradycardia.
high-degree heart block that is unresponsive to atropine, and cardiac arrest.

The patient’s nausea and light-headedness began to improve, but her heart rate remained
slow, at an average of 40 beats per minute. By the seventh hospital day, her heart rate had
increased to the high 40s. The patient’s partner brought in a sample of the foxglove, and
the patient immediately recognized it as the plant she had eaten. Analysis of the plant con-
firmed the presence of digitoxin. The patient was well enough to go home on the ninth
hospital day, with a resting heart rate in the 50s.

COMMENTARY

Accidental digitalis toxicity associated with consumption of plants that contain cardiac
glycosides is rare.! Although foxglove is indigenous to temperate climatic zones,
few people consume it because of its bitter taste.2 Exposure is more common among
infants and children under six years of age than among adults.! Ingestion may also
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pitations, light-headedness, or chest pain). Such diverse manifestations can mislead the
clinician and delay the diagnosis, as occurred with this patient. It should be noted that
symptoms associated with digitalis toxicity do not necessarily correspond to the serum
digoxin concentration, and a person may have toxic effects at a level that is considered to
be normal or therapeutic.2 _

In general, plant-derived cardiac glycosides have properties that affect the myocardium
in a manner that is similar to that of digoxin. Cardiac glycosides enhance cardiac inotropy
by inhibiting the cellular membrane Na*/K'—ATPase and ultimately increasing intracel-
lular caleium within cardiomyocytes.3:4 In addition, cardiac glycosides promote parasym-
pathetic activity, thereby slowing the basal resting heart rate or the ventricular response to
supraventricular tachycardia. This patient’s syncopal episode probably occurred because
of the higher vagal state associated with having a bowel movement, coupled with the
increased parasympathetic activity from foxglove-derived digitalis toxicity.

In addition to foxglove (Figure 3), several other plant and herbal sources of cardiac
glycosides may be detected by serum immunoassays for digoxin or digitoxin (as in this
case), including woolly foxglove (D. lanata), ornamental oleander (Nerium oleander), yellow
oleander (Thevetia peruviana), squill or sea onion (Uriginea maritima), lily of the valley (Con-
vallaria majalis), and ouabain (Strophanthus gratus).2 Another source of cardiac glycosides is
venom extracted from skin glands in certain species of toads (Bufo marinus and B. alvarius).
This compound has turned up in some aphrodisiacs and Chinese medications (e.g., chan
su).5:¢ Ingestion may cause symptoms and clinical findings similar to those of digitalis
overdose, and deaths have been reported.®

Patients with cardiac-glycoside toxicity from plant or herbal sources, like those with
pharmaceutical digitalis toxicity, can be treated initially with activated charcoal. If toxic-
ityis life-threatening, administration of digoxin-specific—antibody Fab fragments should
be considered for rapid reversal of the cardiac complications. Because of the large volume
of distribution of cardiac glycosides, dialysis is ineffective for treating this type of digi-
talis toxicity.2 Early consultation with a medical toxicologist or poison control center may
help the clinician to identify the toxic source and guide decisions about treatment.

Could the diagnosis have been made sooner in this case? Several clues to the diagnosis
were not initially recognized. The potassium level was elevated, which is unusual in the
setting of nausea and vomiting. In addition, the combination of persistent bradycardia
and the patient’s other electrocardiographic findings should have raised the suspicion of
digitalis intoxication. Had the diagnosis been established earlier, the administration of
digoxin-specific-antibody Fab fragments might have been useful. In contrast to the well-
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sstablished efficacy of Fab fragments for treating pharmaceutical digitalis toxicity,2:3:7.8
there is less experience with Fab fragments for treating toxicity associated with plant-con-
:aining cardiac glycosides.9:10 Nevertheless, Fab treatment is generally benign and might
have reversed the patient's symptoms and shortened her hospital course.

We are indebted to Joseph L. Dorsey, M.D., and Michael E. Hurwitz, M.D., Ph.D., for their critical review of the manuscript.

This article first appeared in the August 5, 2004, issue of the New England Journal of Medicine.
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Undercover and Overlooked

ANDREW WANG, M.D., AND THOMAS M. BASHORE, M.D.

A 67-year-old overweight man was seen by his physician because of a two-month history
of shortness of breath, a nonproductive cough, and bilateral swelling of the lower extrem-
ities. He also reported a tight sensation in the neck, occasional wheezing, and an increase
in dyspnea after meals. The patient noted the onset of symptoms soon after a hunting trip
in November. He had no other constitutional symptoms and had not ingested or had con-
tact with anything unusual during his trip. His history was notable for gastroesophageal
reflux and a remote pneumonia. He had no history of lung or heart disease, occupational
exposure, allergies, or tobacco use.

The onset of symptoms after the patient’s hunting trip raises the possibility of a relation-
ship between this event and the illness. However, he reports no unusual exposures. Given
his history of gastroesophageal reflux and increased dyspnea after meals, bronchospasm
due to reflux may be a contributing factor. However, bilateral edema of the lower extremi-
ties is suggestive of a cardiac cause of his dyspnea. The patient’s history suggests broadly
either a pulmonary or cardiac disorder, so the differential diagnosis at this point is exten-
sive, including pulmonary infection, pulmonary emboli, obstructive airway disease,
hypersensitivity pneumonitis, pulmonary hypertension, and heart failure.

Because of worsening respiratory symptoms, the patient was admitted to a local medical
center. At the time of his admission, he had a nonproductive cough and was able to walk
only a short distance without stopping, because of dyspnea. He reported orthopnea but
not paroxysmal nocturnal dyspnea. On examination, he was afebrile, his blood pressure
was 150/86 mm Hg, his heart rate was 110 beats per minute, and his respiratory rate was
28 breaths per minute. His weight was 109 kg, with a body-mass index (the weight in
kilograms divided by the square of the height in meters) of 34.4 kg. The lung examination
demonstrated scattered, brief expiratory wheezes in both lungs. The jugular venous pres-
sure could not be visualized. The heart sounds were distant, with no audible murmur, rub,
or gallop. The lower extremities had symmetric, pitting edema (2+).

The results of blood tests were as follows: hemoglobin, 13.1 g per deciliter; hematocrit,
40 percent; platelet count, 182,000 per cubic millimeter; white-cell count, 6000 per cubic
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millimeter, with a normal differential count; sodium, 136 mmol per liter; potassium, 5.0
mmol per liter; chloride, 105 mmol per liter; bicarbonate, 24 mmol per liter; blood urea
nitrogen, 13 mg per deciliter (4.6 mmol per liter); serum creatinine, 1.1 mg per deciliter
(97.2 umol per liter) ; blood glucose, 128 mg per deciliter (7.1 mmol per liter); total pro-
tein, 6.9 g per deciliter; albumin, 3.5 g per deciliter; total bilirubin, 1.0 mg per deciliter
(17.1 .mol per liter); aspartate aminotransferase, 33 U per liter; alanine aminotransfer-
ase, 33 U per liter; and alkaline phosphatase, 160 U per litér. Urinalysis and liver- function
tests showed no abnormalities. Initial arterial-blood gas analysis (with the patient breath-
ing room air) revealed the following values: pH 7.47; partial pressure of carbon dioxide, 34
mm Hg; partial pressure of oxygen, 62 mm Hg; and bicarbonate concentration, 25 mmol
per liter. A chest radiograph showed cardiomegaly and mildly increased pulmonary vas-
culature. An electrocardiogram showed sinus tachycardia at a rate of 110 beats per minute
with diffuse T-wave inversions and low voltage. The values for creatine kinase and the MB
fractions, measured serially, were normal.

Although cough and dyspnea may reflect either cardiac or pulmonary disease, the pres-
ence of orthopnea suggests elevated left ventricular filling pressure in the setting of
increased venous return and points to a cardiac cause. Physical examination is often help-
fulin distinguishing the cause of these symptoms but provides little guidance in the pres-
ent case. It is unfortunate that the jugular venous pressure could not be adequately evalu-
ated, since an elevated pressure would point to possible heart failure. The findings on the
chest radiograph are consistent with a cardiac condition. I would also want to know the
level of B-type natriuretic peptide, since an elevated level would also support heart failure
as the cause of dyspnea, particularly in the setting of left ventricular systolic dysfunction.

A transthoracic echocardiogram showed normal left ventricular size and function. The
right ventricle was mildly thickened but not enlarged or hypocontractile. The aortic valve
was thickened, with no stenosis or regurgitation. There was no other valvular abnormal-
ity. A perfusion imaging study was performed with the use of dobutamine and single-pho-
ton-emission computed tomography (CT). During infusion of dobutamine (30 ng per
kilogram per minute intravenously), the patient’s heart rate increased to 132 beats per
minute (85 percent of the predicted heart rate, 130 beats per minute). Perfusion imaging
of the left ventricle was normal at the peak heart rate and at rest.

The echocardiographic finding of right ventricular thickening without evidence of dila-
tion suggests that the pulmonary-artery pressure is elevated, but the absence of tricuspid
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regurgitation precludes estimation of the right ventricular (and thus, pulmonary-artery)
systolic pressure. There was no apparent left ventricular systolic dysfunction or valvular
abnormality. It would be useful to know whether there was echocardiographic evidence of
diastolic dysfunction. The results of myocardial perfusion imaging suggest that myocar-
dial ischemia is not the cause of the patient’s dyspnea.

Spiral CT scanning of the chest, which was performed with the intravenous administra-
tion of contrast material, showed no evidence of pulmonary embolus or infiltrate. Hilar,
subcarinal, and pretracheal lymph nodes that were small and calcified and a small right-
sided pleural effusion were noted. An ultrasound study of the bilateral lower extremities
showed no evidence of deep venous thrombosis.

The patient sought a second opinion at another regional medical center. Pulmonary-
function testing there showed a forced vital capacity (FVC) of 2.5 liters (59 percent of the
predicted value), a forced expiratory volume in one second (FEV, ) of 1.9 liters (65 percent
of the predicted value), a ratio of FEV, to FVC of 76 percent, a forced expiratory flow
(between 25 percent and 75 percent of FVC) of 1.5 liters per second (54 percent of the pre-
dicted value), a total lung capacity of 5.4 liters (85 percent of the predicted value), and a
residual volume of 1.9 liters (77 percent of the predicted value). There was no response to
bronchodilator testing. A sleep study showed 21 apneic and 12 hypopneic episodes per
hour of sleep, with a minimal oxygen saturation of 83 percent. Treatment with nasal con-
tinuous positive airway pressure (CPAP) of 17 cm of water resulted in a reduction in apneic
and hypopneic episodes to 20 per hour and 2 minimal oxygen saturation of 90 percent.
Nocturnal CPAP and empirical therapy with oral diuretics were started.

Pulmonary thromboembolism, a possible cause of dyspnea and hypoxemia, is probably
not the cause of the patient’s symptoms on the basis of the chest CT scan. The results of
pulmonary-function testing indicate a mixed restrictive and obstructive process. The
patient’s obesity may contribute to restrictive lung disease. Presumably, sleep apnea was
suspected on the basis of the patient’s obesity, hypertension, and significant edema. How-
ever, dyspnea is not a common symptom of sleep apnea. A minority of patients with
obstructive sleep apnea have pulmonary hypertension, a condition that has been associ-
ated with an elevation of left ventricular filling pressure and the duration of oxygen desat-
uration. Sleep apnea is associated with left ventricular systolic and diastolic dysfunction,
which may improve with CPAP therapy.
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strictive pericarditis as well as causes of abnormal myocardial relaxation or compliar.cs
(including myocardial hypertrophy, ischemia, restrictive cardiomyopathy, and infiltrat:=
diseases) should be considered. Determination of the cause of left ventricular systolic dys-
function has been found to have prognostic implications for long-term survival.2 Th.:
case illustrates that identification of the cause of diastolic heart failure, which is ofte
overlooked, may lead to definitive therapy for the condition.

Why was there such a delay between the onset of the patient’s symptoms and the diag-
nosis of constrictive pericarditis? The course of the disease is typically quite slow, and i::
symptoms and signs are not specific. As a result, in many cases symptoms are present fo:
12 months or longer before a diagnosis is established.3 Prior pericarditis, cardiac surgers
and radiation therapy are the most commonly identified causes of constrictive pericard:-
tis, accounting for approximately 50 percent of cases, but one third of cases remain idic-
pathic in origin.3 This patient’s medical history did not suggest a cause of constrictive
pericarditis. Furthermore, the findings on physical examination may be difficult to appre-
ciate. The jugular venous pressure and waveforms, which can offer important clues to the
diagnosis, may not have been appreciated because of the patient’s body habitus and the
marked elevation of the venous pressure. An audible pericardial “knock,” caused by the
cessation of early diastolic ventricular filling (which, in turn, was caused by the constric-
tive pericardium),* is not a sensitive sign of constrictive pericarditis, particularly in the
absence of pericardial calcification.5

Although right and left ventricular diastolic pressures are equalized in constrictive
pericarditis because of limitation of diastolic filling by the pericardium, symptoms and
signs of right-sided heart failure (including edema in the lower extremities and ascites
predominate. That is especially true early in the course of the disease, since the filling
pressures are normally lower in the right ventricle than in the left ventricle. Consequently,
the diagnosis of constrictive pericarditis should be considered in patients with evidence of
right-sided heart failure that is out of proportion to the severity of pulmonary or left-sided
heart disease. With progression of the disease and the associated increase in diastolic fill-
ing pressures (to levels above 15 mm Hg), symptoms and signs of left heart failure may
develop.

Echocardiography is very useful for evaluating hemodynamic changes in constrictive
pericarditis.5” A dissociation between intrathoracic and intracardiac pressures can be
detected as reciprocal changes in diastolic flow velocities across the tricuspid and mitral
valves during respiration.%” However, such measurements may not be routinely performed
unless the diagnosis of constrictive pericarditis is suspected. As in the present case, echo-
cardiography may be ordered to rule out common causes of heart failure, such as left ven-
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tricular systolic dysfunction or valvular disease, and signs of constrictive pericarditis are
not assessed. Not infrequently, the broad, descriptive term of diastolic dysfunction is
applied in the setting of symptoms or signs of heart failure with normal left ventricular
systolic function.® Instead, a detailed examination of the diastolic filling pattern should
be performed to confirm and characterize abnormal diastolic function and, potentially, to
determine its specific cause.

Visualization of a thickened pericardium (3 mm or greater) by CT-or magnetic reso-
nance imaging may suggest the diagnosis of constrictive pericarditis, as it did in this
patient. This finding, although a hallmark in the traditional definition of this disease,?
has limited sensitivity,® and pericardial thickness may not be abnormal early in the dis-
ease process. Because of the limited sensitivity of this finding, multiple diagnostic
approaches are often necessary to confirm the diagnosis of constrictive pericarditis before
therapeutic intervention is undertaken.

Surgical pericardiectomy is a highly effective and potentially curative treatment for
heart failure due to constrictive pericarditis. However, long-term sutvival is worse for
patients with severe symptoms of heart failure than it is for those with milder symptoms,3
a factor that underscores the need for early diagnosis and treatment of this frequently
overlooked condition.

This article first appeared in the September 2, 2004, issue of the New England Journal of Medicine.

215



The NEW ENGLAND JOURNAL of MEDICINE

REFERENCES
1. 3.
White P. Chronic constric- Ling LH, OhJK, Schaff HV,
tive pericarditis (Pick's etal. Constrictive pericardi-
disease): treated by peri- tis in the modern era: evolv-
cardial resection. Lancet ingclinical spectrum and
1935;2:539-48, 597-603. impact on outcome after
2. pericardiectomy. Circulation
Felker GM, Thompson RE, 1999;100:1380-6.
Hare )M, etal. Underlying 4.
causes and long-term sur- Tyberg TI, Goodyer AV,

vival in patients with ini-
tially unexplained cardio-
myopathy. N Engl) Med
2000;342:1077-84.

Langou RA. Genesis of peri-
cardial knock in constrictive
pericarditis. Am ] Cardiol
1980;46:570-5.

S.
Ling LH, Oh JK, Breen JF,
etal. Calcific constrictive
pericarditis: is it still

with us? Ann Intern Med
2000;132:444-50. [Erratum,
Ann Intern Med 2000;
133:659.)

6.
OhJK, Hade LK, Seward JB,
etal. Diagrostic role of
Doppler echocardiography
in constrictive pericarditis.
J Am Coll Cardiol 1994;23:
154-62.

2.
Hatle LK, Appleton CP,
Popp RL. Differentiation
of constrictive pericarditis
and restrictive cardiomy-
opathy by Doppler echo-
cardiography. Circulation
1989;79:357-70.

8.
Banerjec P, Banerjee T.
Khand A, Clark AL,
Cleland )G. Diastolic hear:
failure: neglected or mis-
diagnosed? J Am Coll
Cardiol 2002;39:138-41.
9.
Talreja DR, Edwards WD.
Danielson GK, etal. Con-
strictive pericarditis in 26
patients with histologicaln
normal pericardial thick-
ness. Circulation 2003;108
1852-7.



SPECIAL CURE

Special Cure

ROBERT J. HOFFMAN, M.D., GURPREET DHALIWAL, M.D.,

DANIEL J. GILDEN, M.D., AND SANJAY SAINT, M.D., M.P.H.

A 42-year-old white man presented with a history of eight months of pain in his low back,
hips, ankles, and feet. He had begun experiencing progressively severe pain during a
16-month period of incarceration. Therapy with nonsteroidal antiinflammatory medica-
tion had provided no significant improvement. The pain had become so severe that the
patient had difficulty walking. He had otherwise felt well but had lost weight (from 76.2
to 67.6 kg) without a change in diet. He reported having had no fever, night sweats, diar-
rhea, anorexia, vomiting, abdominal distention, or dysphagia.

A number of characteristics distinguish this man’s condition from that of the typical case
of idiopathic low-back pain: his difficulty walking, the long duration of the condition
despite conservative therapy, his weight loss, and the presence of severe pain throughout
both lower extremities. These characteristics raise my concern about a neoplastic, infec-
tious, or inflammatory disorder. His residence in prison poses certain health threats.
Tuberculosis has a predilection for the thoracic and lumbar spine and can cause paralysis
through vertebral destruction and compression of the spinal cord. Although tuberculosis
could be manifested as an indolent monoarthritis, a symmetric bilateral polyarthritis
would be decidedly uncommon. Trauma and fractures in the spine or lower extremities
from altercations must also be ruled out. Another possibility is that he has an inflamma-
tory disorder with polyarthritis. The list of possible disorders is quite long, but one of the
first that comes to mind here is a seronegative spondylarthropathy, particularly reactive
arthritis, which has a predilection for the lower extremities. It can be either acute and self-
limited or chronic and progressive. However, weight loss is not a common feature of this
disorder.

The patient had been born with gastroschisis (a congenital externalization of the bowel),
which had been corrected surgically. Four years before the current evaluation, iron-defi-
ciency anemia, hepatitis C, and hypothyroidism were diagnosed synchronously, and he
was treated with oral iron and thyroxine. He had a distant history of intravenous drug use
and episodic alcohol use and had a 20-pack-year history of smoking. He reported that his
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mother had died of stomach cancer and had required a colostomy at the age of 27 years for
an unknown condition.

I would not expect that a congenital malformation would lead to a mechanical or physio-
logical disorder four decades after a successful repair. However, I wonder whether the
genotype associated with gastroschisis could have predisposed this patient to other disor-
ders of the gastrointestinal tract later in life. Although iron deficiency in a man is almost
always explained by gastrointestinal blood loss (e.g., due to peptic ulcer disease or gastri-
tis), it may infrequently result from failure to absorb iron due to a disorder such as celiac
sprue. Hypothyroidism is usually autoimmune in origin and has been described as an
extrahepatic manifestation of hepatitis C infection. The patient’s history of intravenous
drug use raises the possibility of infection with the human immunodeficiency virus.

The family history of stomach and colon problems and the patient’s congenital malfor-
mation and iron-deficiency anemia all center around the gastrointestinal tract. Weight
loss without a change in diet raises the possibility of malabsorption; other important
causes of unintended weight loss with a preserved appetite are hyperthyroidism and dia-
betes mellitus. In trying to reconcile these possibilities with the patient’s progressive
symptoms in the back and lower extremities, I am still considering a seronegative spon-
dylarthropathy, since it can occur in association with inflammatory bowel disease and
other gastrointestinal conditions. One argument against this line of reasoning, however,
is the absence of gastrointestinal symptoms. Another possibility is that the symptoms
in his lower extremities are caused by hepatitis C—related cryoglobulinemia, with neu-
ropathy and arthralgia. I remain uncertain of the cause of his pain at this point.

The patient’s temperature was 37.1°C, his heart rate 70 beats per minute, his blood pres-
sure 115/70 mm Hg, and his respiratory rate 20 breaths per minute. He was thin and pale
but did not appear to be in distress. The examination of the heart and lungs showed no
abnormalities. His abdomen had a midline scar; there was no organomegaly or tender-
ness. His stool was guaiac-positive. He had normal joint mobility without effusion or
warmth. His muscle strength was normal without muscle tenderness. Although he had
marked pain in moving any joint, the pain could not be localized to the joint itself. His
reflexes were symmetric and normal throughout. He had mild clubbing of his fingers.
The rest of the examination was normal.

The guaiac-positive stool points to a mucosal gastrointestinal disorder that explains the
patient’s iron-deficiency anemia, a finding that indicates a need for endoscopic examina-
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tion. The patient does not have motor weakness; instead, his inability to walk seems to
stemn from pain with movement. The examination does not suggest an inflammatory
arthritis, yet he cannot tolerate movement of the affected joints. Although intra-articular
disease is still possible, his symptoms make me consider a pathologic process in the sur-
rounding structures, perhaps an enthesopathy or periostitis. The fact that his fingers are
clubbed would prompt me to obtain a chest radiograph in order to evaluate the possibility
of lung cancer, which is very commonly associated with clubbing. Cyanotic heart disease
is another major cause of clubbing and is worth mentioning, since he had another con-
genital malformation; however, the absence of cardiopulmonary symptoms or corrective
surgery during the past four decades essentially rules out that diagnosis. Clubbing can be
an extraintestinal manifestation of inflammatory bowel disease. A systemic disorder,
hypertrophic osteoarthropathy may be manifested as both clubbing and periostosis, a
sometimes painful condition affecting the long bones.

The hemoglobin level was 6.3 g per deciliter, the hematocrit 21.7 percent, the mean cor-
puscular volume 67.7 um3, and the red-cell distribution width 20.9 percent. His white-
cell count was 8300 per cubic millimeter, with a normal differential count, and the platelet
count was 221,000 per cubic millimeter. The erythrocyte sedimentation rate was 70 mm
per hour, and the absolute reticulocyte count was 2 percent. Other laboratory results were
as follows: serum calcium, 6.9 mg per deciliter (1.7 mmol per liter); albumin, 3.2 g per
deciliter; phosphorus, 1.8 mg per deciliter (0.6 mmol per liter); total protein, 6.3 g per
deciliter; alanine aminotransferase, 83 U per liter; aspartate aminotransferase, 146 U per
liter; alkaline phosphatase, 445 U per liter; and total bilirubin, 0.2 mg per deciliter
(3.4 mmol per liter).

The patient’s profound anemia is probably an important contributor to his sense of weak-
ness. The guaiac-positive stool, the low mean corpuscular volume, and the low reticulo-
cyte count are all consistent with iron deficiency. [ wonder whether he is still taking his
prescribed iron-replacement therapy. An elevated red-cell distribution width, which
reflects a wide variance in the size of the red-cell population, is of limited discriminatory
value. It may reflect a heterogeneous cell population due to two simultaneous effects on
erythropoiesis — microcytosis from iron deficiency and macrocytosis from folate defi-
ciency, for example — or it may reflect a nonhomogeneous population of cells due to a
single disorder, such as iron deficiency.

The combination of low levels of phosphorus and calcium is characteristic of vitamin D
deficiency, which is likely to be a consequence of malabsorption caused by the patient’s
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mucosal disease. The elevated alkaline phosphatase level probably reflects the increased
turnover of bone from secondary hyperparathyroidism. The aminotransferase levels can
be explained by hepatitis C infection and alcoholic liver disease.

What is the nature of the patient’s mucosal disease? It can be difficult to differentiate
between inflammatory bowel disease, which 1 considered initially, and celiac sprue.
another likely diagnosis. Both disorders may have extraintestinal manifestations and can
cause malabsorption and iron deficiency. The family history (with colostomy), elevated
sedimentation rate, and clubbing are more suggestive of inflammatory bowel disease,
whereas vitamin D malabsorption and autoimmune thyroiditis are more typically associ-
ated with celiac sprue. Iron deficiency may occur in either condition, although the guaiac-
positive stool is more characteristic of inflammatory bowel disease.

A plain radiograph of the patient’s pelvis showed marked osteopenia (Figure 1). Dual-
energy x-ray absorptiometry revealed a T score of -5.9, indicating that the patient’s bone
density was nearly 6 SD below the mean for normal young men. The results of laboratory
tests were as follows: serum ferritin, 5 ng per milliliter (normal range, 22 to 322); free
thyroxine, 0.83 ng per deciliter (10.68 pmol per liter; normal range, 0.84 to 1.51 ng per
deciliter [10.81 to 19.43 pmol per liter]); and thyrotropin, 16.4 nU per milliliter (normal
range, 0.35 to 5.50). The levels of vitamin B, and folate were normal; HLA-B27 was not
detected.

Bone densitometry reveals a severe decrease in bone density. This is probably the result of
osteomalacia from vitamin D deficiency. The low level of serum ferritin confirms pro-
found iron deficiency. The patient’s hypothyroidism persists, and although it is mild, it
may also be contributing to his sense of weakness. Although HLA-B27 is associated with
axial arthritis (spondylitis—sacroiliitis) rather than the peripheral arthritis of spondylar-
thropathy, this test has limited diagnostic utility. My suspicion that the diagnosis is celiac
sprue has increased substantially.

The parathyroid hormone level was extremely elevated, at 613 pg per milliliter (normal
range, 15 to 65), and the 25-hydroxyvitamin D level was undetectable. The total choles-
terol level was 65 mg per deciliter (1.68 mmol per liter). Endoscopy revealed a nonbleed-
ing duodenal ulcer and a marked “scalloping” of the duodenal folds.

These values confirm hypovitaminosis D and associated secondary hyperparathyroidism.
Marked hypolipidemia is seen in advanced cancer with cachexia or severe malnutrition,
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COMMENTARY

With a prevalence of almost 1 in 100 in the general population, celiac sprue is surprisingly
common.?3 Unfortunately, it is a disease that also often leads to diagnostic confusion,
particularly if patients do not present with chronic diarrhea and steatorrhea. This case
illustrates both why the diagnosis of sprue may be challenging and how a constellation of
seemingly unrelated findings led to the recognition of a pattern consistent with celiac
disease.

The presenting symptom of progressive hip and leg pain with difficulty walking led the
discussant to consider causes of both localized and diffuse bone pain. He initially sus-
pected that the patient had inflammatory bowel disease complicated by a seronegative
spondylarthropathy but also considered malabsorption, given the patient’s history of
weight loss and iron-deficiency anemia. Although both inflammatory bowel disease and
celiac sprue were possibilities, the discussant settled on sprue after the discovery of vitamin
D deficiency and bone loss (with osteomalacia the presumed cause of his bone pain).

A lack of awareness of the diverse clinical manifestations of celiac sprue may have led
many clinicians to miss the diagnosis. In this case, the patient did not report abdominal
pain or diarrhea (symptoms widely believed to be essential to the diagnosis), and the stool
was guaiac-positive. However, abdominal pain or diarrhea each occurs in only about one
third of patients with celiac sprue,? and occult blood is present in the stool in almost half
of all patients with the disease.* In the United States, iron-deficiency anemia is the most
common presentation of sprue.5 Other common symptoms include fatigue, joint pain,
diarrhea, constipation, and abdominal pain. Coexisting autoimmune diseases are com-
mon, such as hypothyroidism (in 10 percent of patients with celiac sprue), hyperthyroid-
ism (4 percent), and type 1 diabetes mellitus (7 percent).2:® Gastrointestinal neoplasms
and T-cell lymphomas occur in up to 11 percent of patients.” In patients with hepatitis C,
the risk of celiac disease is increased by a factor of three,® but there is no recognized asso-
ciation between gastroschisis and sprue.

Although the diagnosis of sprue often poses challenges, the pathophysiology of the
disease is well understood. Celiac sprue is a consequence of intestinal inflammation initi-
ated in response to the wheat protein gluten. After proteolysis and activation by brush-
border aminotransferases, the resultant polypeptides initiate activation of helper T cells,
the release of cytokines, inflammation, and subsequent villous atrophy.® The diagnosis is
usually made after a duodenal biopsy reveals villous atrophy with a lymphocytic infiltra-
tion in a patient with characteristic antibodies. If seen on endoscopy, scalloping of intes-
tinal mucosa has a specificity of more than 90 percent.1° The test for antitransglutamin-
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ase IgA antibodies has a sensitivity 0f93 to 98 percent and a specificity 0f 94 to 100 percent®
and is considered a test of choice for initially evaluating suspected cases and for screening
high-risk patients.>

This clinical problem-solving exercise exemplifies the importance of efficient patterr.
recognition in making a correct diagnosis. Clinicians rely on a back-and-forth process of
data collection and interpretation that allows for a rapid narrowing of possibilities to a
few preliminary hypotheses. But the hypotheses are only as good as the templates from
which they are drawn. Astute clinicians usually use a process of probabilistic reasoning
(often implicit), whereby clinical findings increase or decrease the likelihood of specific
disease entities.1 The assignment of correct prior probabilities occurs only if the clinician
has an accurate template of a given disease to compare with information as it is gathered.
For example, most clinicians would correctly assign a very high probability to a diagnosis
of hyperthyroidism in a young woman presenting with proptosis, hyperactivity, fine
tremor, and diarrhea. These symptoms bring to mind the combination of signs and symp-
toms (i.e., the hyperthyroidism template) that is learned in medical training. In elderly
patients, on the other hand, hyperthyroidism is often characterized by apathy, and this
otherwise reliable template unravels, increasing the chance of missing the diagnosis.

In the present case, certain clues pointed toward the ultimate diagnosis of sprue. An
expert clinician with a thorough knowledge of the signs, symptoms, associated condi-
tions, and epidemiology of sprue might have suspected celiac disease after just the initial
history — but only if armed with a correct template. The discussant's line of reasoning
began with noting that a young man with iron-deficiency anemia almost certainly has a
gastrointestinal lesion. In fact, up to 5 percent of cases of iron-deficiency anemia can be
attributed to celiac disease.12-14 Add in weight loss, bony pain, and a history of hypothy-
roidism, and one could argue that celiac sprue becomes the most likely possibility. The
high prevalence of the disease provides additional support for this argument.

Skilled clinicians have a finely tuned ability to take information as it is presented and
identify a pattern pointing to the ultimate diagnosis. An astute reader could have sus-
pected the diagnosis in this case after reading the title alone. Celiac disease does indeed
have a special cure: dietary modification. As an anagram for “celiac sprue,” “special cure”
was a hidden pattern awaiting recognition.

Supported by a Career Development Award from the Health Services Research and Development Program of the Department of Veterans Affairs
and a Patient Safety Developmental Center Grant (P20-HS11540) from the Agency for Healthcare Research and Quality (both to Dr. Saint).

This article first appeared in the November 4, 2004, issue of the New England Journal of Medicine.
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Why “Why” Matters

WILLIAM J. JANSSEN, M.D., GURPREET DHALIWAL, M.D,,

HAROLD R. COLLARD, M.D., AND SANJAY SAINT, M.D., M.P.H.

A 38-year-old woman presented to the emergency room for evaluation of shortness of
breath and jaundice. The previous day, she had attended a wedding, where she felt well.
Several hours after the wedding, a headache developed, she had mild dizziness, and she
noticed that her urine was dark brown. The day after the wedding, she awoke with mild
shortness of breath and yellow discoloration of her eyes and skin.

Jaundice is usudlly caused by hepatobiliary disorders or hemolysis. Biliary obstruction,
acute hepatitis, or brisk intravascular hemolysis could explain the jaundice and dark urine.
Wilson's disease — with hepatocellular disease and associated hemolysis — could cause
jaundice and dark urine.

Dyspnea and jaundice can be related in several ways. Sepsis can cause hyperbilirubine-
mia and hyperventilation. Hemolysis can lead to dyspnea from anemia and to indirect
hyperbilirubinemia from red-cell destruction. Some infections, such as amebiasis, can
affect both the liver and the lung. In addition, in the setting of chronic liver disease with
associated jaundice — which would be unlikely in this patient, since her illness was acute
— dyspnea can develop as a result of the hepatopulmonary syndrome, portopulmonary
hypertension, hepatic hydrothorax, or ascites.

Since the patient’s illness occurred in the context of her recent attendance at a wedding,
I am interested to know what she ate and drank there.

At the wedding, the patient consumed Chinese dumplings containing salt-cured meat and
a glass of wine. No one else who attended the wedding became sick. The patient had no
abdominal pain, nausea, vomiting, diarrhea, or fever.

[ am uncertain whether the patient’s iliness can be attributed to events at the wedding.
Acute infection with hepatitis A virus can occur with ingestion of contaminated food, but
the latency period is weeks, not hours. A fatty meal might lead to cholecystitis or choledo-
cholithiasis, but the absence of abdominal pain argues against these disorders. Enterohem-

229



230

The NEW ENGLAND JOURNAL sf MEDICINE

orrhagic Escherichia coli, specifically strain O157:H7, can cause the hemolytic—uremic syn-
drome, although the latency period is at least 24 hours, and diarrhea and abdominal pair.
are typical symptoms.

In the absence of gastrointestinal symptoms, I favor the consideration of an acute
hemolytic episode. A potential ingestion at the wedding, followed by hemolysis, raises the
possibility of a deficiency of glucose-6-phosphate dehydrogenase (G6PD). The only food
I am aware of that is associated with episodic hemolysis from GGPD deficiency is the fava
bean. g

The patient had a history of mild anemia. She had no history of liver disease. She took no
medications or herbal supplements, had no drug allergies, and did not smoke or use illicit
drugs. She drank alcohol occasionally. She was Vietnamese and had lived in the United
States for seven years. She had been adopted and was unsure of her family history. She
worked in a wire-manufacturing plant.

The most likely explanation for her anemia would be iron deficiency or, given her ethnic
background, thalassemia. However, many of the chronic hemolytic anemias, which result
from defects in the red-cell membrane, enzymes, or hemoglobin, still warrant consider-
ation. The family history, unavailable here, is often helpful in diagnosing these disorders.
Long-standing hemolytic anemia can sometimes be manifested as cholecystitis or cho-
ledocholithiasis caused by pigment gallstones. Although ingestion of a hepatotoxin might
explain the patient’s presentation, she reports no history of the use of potentially hepato-
toxic medications or herbs and no substantial alcohol intake. Her history of having lived
in Vietnam supports the consideration of hepatitis B infection as a cause of her illness.

In general, the combination of jaundice and dark urine is more likely to be a result of
hepatobiliary disease than of hemolysis. However, chronic anemia, new dyspnea, and the
absence of hepatotoxins, known liver disease, and gastrointestinal symptoms lead me to
favor the consideration of hemolysis over an acute hepatobiliary disorder.

The patient was afebrile, with a pulse 0f 98 beats per minute and a blood pressure 0f112/64
mm Hg. Her respiratory rate was 24 breaths per minute, and her oxygen saturation 85
percent. Her skin was jaundiced, her sclerae were icteric, and her conjunctivae were pale.
An early systolic murmur was present at the right upper sternal border, and the apical
impulse was hyperkinetic. Her lungs were clear on auscultation, and there was no abdom-
inal tenderness or hepatosplenomegaly. The remainder of her physical examination was
normal.
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The pale conjunctivae, tachycardia, systolic murmur, and hyperkinetic apical impulse are
all consistent with anemia, and the jaundice — with no evidence of hepatic or abdominal
disease — suggests hemolysis as the cause. Splenomegaly may be seen in many forms of
hemolysis but is not an invariable feature and can be challenging to detect by physical
examination. Therefore, the absence of palpable splenomegaly is relatively uninformative.

The oxygen saturation of 85 percent is unexpected and not explained by hemolysis. Ane-
mia is a disorder involving a decreased overall capacity to carry oxygen, but the remaining
red cells should be adequately saturated in the presence of normal alveolar gas exchange.
This particular oxygen saturation brings to mind methemoglobinemia, an acquired dys-
hemoglobinemia caused by a number of drugs or chemicals that oxidize the iron in hemo-
globin, rendering it incapable of carrying oxygen. Sulfonamide antibiotics, local anesthet-
ics such as benzocaine, and antimalarial drugs are common precipitants. Measurement
of arterial blood gases with co-oximetry would provide information on the partial pres-
sure of oxygen in arterial blood and on the fraction of the total hemoglobin that is methe-
moglobin. If both hemolysis and methemoglobinemia were present, I would search for
an agent that could trigger both events, and I would suspect that the patient has either a
GGPD deficiency or an unstable hemoglobin variant (such as hemoglobin Kéln). There is
no history of potential culprit drugs, such as dapsone or primaquine, but perhaps there
was a component of the food or drink, such as a nitrate or sulfate, that triggered both
processes.

If arterial blood analysis reveals hypoxemia without methemoglobinemia, the chest
radiograph might suggest other diagnoses. Hilar lymphadenopathy might indicate lym-
phoma with associated autoimmune hemolysis; an infiltrate could suggest cold autoim-
mune hemolytic anemia with Mycoplasma pneumoniae infection. A normal chest radiograph
would raise the possibility of a pulmonary embolism, in which case the rare disorder of
paroxysmal nocturnal hemoglobinuria, characterized by hemolysis, pancytopenia, and
venous thrombosis, would be worth considering.

The white-cell count was 13,600 per cubic millimeter, the hemoglobin 8.1 g per deciliter,
and the platelet count 194,000 per cubic millimeter. The reticulocyte count was 1.8 per-
cent (45,000 reticulocytes per cubic millimeter of blood (normal range, 25,000 to 75,000)).
The total bilirubin level was 9.3 mg per deciliter (10.2 pmol per liter), and the lactate
dehydrogenase level 2152 U per milliliter (normal range, 91 to 180). The aspartate amino-
transferase and alanine aminotransferase levels were 120 U per liter (normal range, 6 to
30) and 41 units per liter (normal range, 10 to 40), respectively. The serum alkaline phos-
phatase, albumin, and electrolyte levels were normal. A urine dipstick test was positive for

231



232

blood; no red cells or casts were seen on microscopical examination. Viral serologic tests
for hepatitis A, B, and C viruses were negative. The chest radiograph was normal. An
electrocardiogram revealed sinus tachycardia.

The low hemoglobin level and elevated lactate dehydrogenase and bilirubin levels suggest
ongoing hemolysis. The results of the urine studies are compatible with hemoglobinuria
and indicate rapid and severe red-cell destruction; brisk hemolysis can sometimes cause
elevations in aminotransferases. The initial reticulocyte count is inappropriately low, but
the bone marrow can be delayed in its response to hemolysis. The normal chest radio-
graph increases my suspicion of methemoglobinemia.

The cause of the patient’s hemolysis remains a puzzle. Given its acute onset, the preex-
isting anemia, the possibility of methemoglobinemia, and no clear evidence of underlying
illness, I favor the hypothesis that some type of oxidant exposure at the wedding triggered
a hemolytic episode in this patient, who probably has G6PD deficiency or an unstable
hemoglobinopathy. Direct examination of the peripheral blood would be helpful. Disor-
ders that render red cells susceptible to oxidant stress may result in bite cells on the periph-
eral smear. Heinz bodies (cellular inclusions consisting of damaged aggregated hemoglo-
bin) may be detected with supravital staining.

Despite the administration of supplemental oxygen, the oxygen saturation remained at 85
percent. Arterial blood gas values while the patient was breathing pure oxygen by face
mask were as follows: pH 7.45, partial pressure of carbon dioxide 29 mm Hg, and partial
pressure of oxygen 432 mm Hg. Co-oximetry demonstrated a methemoglobin level of 8.8
percent (normal range, 0.4 to 1.5).

With the acute onset of hemolysis and methemoglobinemia, I suspect that the patient’s
red cells were exposed to oxidant stress and that she has either a G6PD deficiency or an
unstable-hemoglobin disorder that makes her susceptible to oxidant-induced hemolysis.

How should this patient be treated? Two mechanisms — decreased red-cell mass and
ineffective hemoglobin (methemoglobin) — have led to insufficient delivery of oxygen to
her tissues. The first-line treatment for acquired methemoglobinemia is the administra-
tion of methylene blue, which quickly reduces methemoglobin to hemoglobin. However,
GGPD deficiency is a contraindication to treatment with methylene blue because patients
with this disorder are unable to metabolize methylene blue, an oxidant that can exacerbate
hemolysis. With a hemoglobin level that is already quite low, this patient may not tolerate
additional hemolysis.
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Toxin-mediated or oxidant-mediated hemolysis is usually managed supportively after
the exposure has been terminated. With G6PD deficiency, most acute episodes of hemolysis
are self-limited, and only the most severe cases require transfusion. Blood transfusion
would accomplish the goal of restoring a normal hemoglobin level and oxygen-carrying
capacity, but it involves additional risks. I favor blood transfusion over the use of methylene
blue because of the suspicion of oxidant-mediated hemolysis due to G6PD deficiency.

Intravenous methylene blue was administered. Subsequent testing demonstrated worsen-
ing anemia, with a hemoglobin value of 6.5 g per deciliter. The patient received 4 units of
packed red cells, and her red-cell count was stabilized. The activity of G6PD, as measured
in a blood sample obtained before transfusion, was 3.9 U per gram of hemoglobin (nor-
mal range, 4.6 to 13.5).

This measured G6PD level may actually understate the patient’s degree of GGPD deficiency,
since the GGPD level measured during a hemolytic episode reflects only the surviving red-
cell population; these surviving red cells evade hemolysis owing to G6PD levels that are
higher than average. The gene for G6PD resides on the X chromosome. In a female patient,
this raises the interesting possibility that the surviving red-cell population represents
cells whose precursors have selectively deactivated their deficient X chromosome.

The patient was seen in the clinic several months later and was doing well. Her hemo-
globin measured 12.6 g per deciliter, and a peripheral-blood smear demonstrated only
mild reticulocytosis.

COMMENTARY

A fundamental component in the care of any patient is an understanding and appreciation
of the pathophysiology underlying his or her disease. Furthermore, it is essential that cli-
nicians continue to evaluate available clinical data — even after a particular diagnosis is
suspected — to ensure that there are no discordant findings. As this case illustrates, fail-
ure in these two areas can lead to inappropriate management and iatrogenic morbidity.
Although the treating physicians correctly identified the patient’s methemoglobinemia,
the hemolytic process was not recognized as a potential contraindication to treatment.
Understanding why manifestations of disease occur and incorporating this knowledge
into diagnostic decision making remain important parts of the practice of medicine.
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Figure 3. Inactivation of the X Chromosome.

Ferales who are heterozygous for G6PD deficiency inherit one normal X chro-
mosome (shown in black) and one abnormal one (red). Early in embryonic life,
an X chromosome is inactivated in each somatic cell to form a Barr body (con-
densed ovals). The process results in two populations of cells: one with normal
G6PD activity (cells with black chromosomes) and one with a deficiency of
G6PD {cells with red chromosames). In most cases, equal numbers of normal
cells and G6PD-deficient cells are produced; however, it 1s possible to have an
imbalance between the two cell populations.

blue is largely ineffective in these patients because NADPH, which is required to reduce
methylene blue to its active metabolite, leukomethylene blue, is not available (Figure 1).13
Furthermore, methylene blue is a powerful oxidant and can precipitate or worsen hemo-
lytic anemia associated with G6PD deficiency, as in this patient.13,14

The failure of the treating physicians to consider the concomitant diagnosis of G6PD
deficiency in this patient and to connect the underlying pathophysiology of her hemolysis
with methemoglobinemia left them at risk for making 2 common error in diagnostic rea-
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soning, known as “premature closure.”'5 Premature closure occurs when a diagnosis is
applied to a patient’s condition despite incomplete or contradictory supporting data. The
danger of rendering a premature diagnosis is that diagnostic evaluation is often discon-
tinued, and associated conditions may be overlooked or ignored. It is critical that clini-
cians completely analyze all available data, consider the pathophysiology of suspected
diagnoses, and keep their minds open to the possibility of alternative or concomitant
diagnoses. As this case illustrates, appropriate diagnosis and treatment require that clini-
cians understand not only what is happening but also why it is happening.
Supported by a Career Development Award from the Health Services Research and Development Program

of the Department of Veterans Affairs and by a grant (P20-HS11540) from the Patient Safety Developmental Center of the
Agency for Healthcare Research and Quality (both to Dr. Saint).

We are indebted to Dr. Ernest Beutler for his kind review of the manuscript.

This article first appeared in the December 2, 2004, issue of the New England Journal of Medicine.
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Unfashionably Late

MICHAEL LUKELA, M.D., DAVID DEGUZMAN, M.D.,

STEVEN WEINBERGER, M.D., AND SANJAY SAINT, M.D., M.P.H.

An 18-year-old man presented with shortness of breath, a cough that was productive of
clear sputum, and a two-week history of pleuritic chest pain. He also reported night
sweats, fever, and fatigue, but no hemoptysis, weight loss, recent travel, or new environ-
mental exposures.

The combination of progressive shortness of breath and pleuritic chest pain suggests
either of two pathogenetic sequences. In one scenario, the primary process could have
originated at the pleural surface and produced either a pleural effusion or a pneumothorax
large enough to cause dyspnea. Alternatively, the process could have originated in the pul-
monary parenchyma (causing dyspnea) and extended to the pleural surface (causing pleu-
ritic chest pain). In either case, the presence of night sweats, fever, and fatigue suggests an
underlying infection or a noninfectious inflammatory process, although a neoplasm
(such as lymphoma) or even recurrent pulmonary embolism is also possible.

The patient had had two episodes of community-acquired pneumonia as a teenager; the
lastepisode occurred two years before the currentillness. Other than having a cystremoved
from his neck as a child, he reported no serious illnesses or operations. He was taking no
medications. There was no family history of cystic fibrosis, lung disease, or immune defi-
ciencies. His immunizations were current. He was a recent high-school graduate who
lived with his parents in suburban Michigan. He said that he did not use alcohol, tobacco,
or illicit drugs, and he had no pets.

The patient’s history of previous episodes of community-acquired pneumonia raises the
question of an underlying susceptibility to bacterial or other infections, either because of
a systemic problem associated with impaired pulmonary defense mechanisms (such as an
immune deficiency, ciliary dysfunction, or cystic fibrosis) or because of focal endobron-
chial disease predisposing him to postobstructive infection (especially if the earlier bouts
of pneumonia were in the same anatomic location). Although what he described as a neck
cyst was probably unrelated to the current symptoms, the possibility of an underlying ana-
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tomic problem or complication following excision or that the cyst had been an infectec
lymph node (as in cases of tuberculous lymphadenitis), rather than a sterile cyst, shoul¢
also be considered.

The patient was a thin white man in no acute distress. His temperature was 36.6°C, the
heart rate 88 beats per minute, the respiratory rate 18 breaths per minute, the blood pres-
sure 106/56 mm Hg, and the oxygen saturation 98 percent while he was breathing ambi-
ent air. His height was 163 cm, and his weight 55 kg. He had no cervical lymphadenopathy.
He had bronchial breath sounds at both lung bases and egophony in his right mid-chest
area. His back and both thighs were noted to have small acneiform lesions; he had no club-
bing. The remainder of his physical examination was normal.

The white-cell count was 7.0 per cubic millimeter, with 74 percent neutrophils, 16 percent
lymphocytes, and 10 percent monocytes. The hematocrit was 40 percent, and the platelet
count 344,000 per cubic millimeter. The levels of aspartate and alanine aminotransferase
were normal at 30 and 22 units per liter, respectively. The serum level of lactate dehydroge-
nase was 325 units per liter (normal range, 60 to 200) . The results of an electrolyte panel and
urinalysis were normal, as was the level of creatinine. A chest radiograph showed air-space
opacities in the right middle lobe, lingula, and both lower lobes (Figure 1).

The extensive air-space opacities and the consolidation suggest that the process causing
pleuritic chest pain started in the pulmonary parenchyma and extended to the pleural sur-
face. In addition, the multifocal nature of the opacities on the chest radiographs is incon-
sistent with a focal endobronchial obstruction leading to recurrent postobstructive pneu-
monia. My primary diagnostic considerations remain infection and noninfectious
inflammatory disease, specifically bronchiolitis obliterans with organizing pneumonia
or hypersensitivity pneumonitis, since both can have patchy airspace opacities that mimic
bacterial pneumonia. The subacute clinical presentation, which took place over a number
of weeks, combined with constitutional symptoms is particularly suggestive of bronchiol-
itis obliterans with organizing pneumonia, whereas the history of what was reported as
two previous episodes of community-acquired pneumonia raises the possibility of recur-
rent episodes of hypersensitivity pneumonitis misdiagnosed as pneumonia.

The patient was admitted to the hospital and was given ceftriaxone and azithromycin.
A test for the human immunodeficiency virus was negative, as were the results of tubercu-
lin skin testing. Quantitative levels of immunoglobulins and of complement were normal.
Tests for the presence of antinuclear antibody and antineutrophil cytoplasmic antibody
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Although patients with a clinical picture and a chest radiograph such as this patient had
are typically given a diagnosis of bacterial pneumonia and started empirically on antibi-
otic treatment, the normal leukocyte count and the subacute presentation argue against
this diagnosis. Consequently, my preference would have been to withhold empirical anti-
biotic therapy, unless the patient appeared particularly ill. One nonbacterial infection
I would consider is blastomycosis, and the negative results on the immunodiffusion study
do not dissuade me from this possibility, given the relatively poor diagnostic sensitivity of
the test. The chest radiograph in a patient with pulmonary blastomycosis often shows one
or more areas of consolidation that may mimic the appearance of a bacterial pneumonia
— similar to the abnormalities seen in this patient.

Furthermore, if the acneiform lesions noted on the physical examination appear to be
quite new, they could represent an early cutaneous manifestation of Blastomyces dermatiti-
dis, whose name reminds us of the potential for involvement of the skin. However, I remain
concerned about bronchiolitis obliterans with organizing pneumonia. As with blastomy-
cosis, the areas of consolidation on the chest radiograph mimic the signs of pneumonia,
but the clinical onset of bronchiolitis obliterans with organizing pneumonia is typically
more gradual than the onset of bacterial pneumonia. The absence of a response to antibi-
otic treatment is often a clue to the diagnosis of bronchiolitis obliterans with organizing
pneumonia.

High-resolution computed tomographic (CT) scans of the chest (Figure 2) revealed exten-
sive air-space opacification involving the right lower lobe, accompanied by additional
patchy and confluent areas of air-space opacification in the right middle lobe, lingula, and
left lower lobe. There was also mild bronchiectasis. No lymphadenopathy was present.
Examination by bronchoscopy showed normal airways; bronchoalveolar-lavage fluid was
negative for acid-fast bacilli, as determined by staining, and for Pneumocystis carinii, as
determined by polymerase-chain-reaction (PCR) assay. A transbronchial biopsy revealed
nonspecific plasma-cell and lymphocytic infiltrates. The patient’s fever abated and his
dyspnea improved while he was receiving ceftriaxone and azithromycin. He was dis-
charged to his home without antibiotics, having completed a 10-day course of treatment
as an inpatient.

Although the dense areas of consolidation in both lungs, as seen on the CT scans, are con-
sistent with a diagnosis of bacterial pneumonia, they are also consistent with either blas-
tomycosis or bronchiolitis obliterans with organizing pneumonia. In particular, the
peripheral nature of some of the areas of consolidation may be indicative of bronchiolitis
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Despite the presumed improvement associated with the first regimen of antibiotic agents.
itis clear that the clinical problem was far from resolved, and the biopsy to obtain tissue
was appropriate. The finding of necrotizing granulomas with atypical lymphocytic infil-
tration on histopathological examination is not diagnostic, but it makes some earlier
diagnostic considerations less probable and at the same time raises new possibilities.
Mycobacterial or fungal infections, especially biastomycosis, remain a concern, despite
the negative tuberculin skin test and the negative serologic studies for fungus. The histo-
pathological features were not suggestive of bronchiolitis obliterans with organizing
pneumonia, so among the noninfectious inflammatory (or even neoplastic) disorders,
Iwould now be more concerned about those entities with prominent atypical lymphocytic
or necrotizing granulomatous inflammation, such as lymphomatoid granulomatosis. The
patient’s history of persistent cough, dyspnea, and fever is consistent with this disorder,
although imaging studies typically show nodules or masses, rather than air-space opaci-
fication. Nevertheless, at this point, my leading diagnosis would be either lymphomatoid
granulomatosis or an infectious process, either fungal (especially blastomycosis) or myco-
bacterial.

In light of the pathological findings on lung biopsy, the patient was given a preliminary
diagnosis of either bronchiolitis obliterans with organizing pneumonia or a lymphoprolif-
erative disorder of unclear cause; he was started on oral prednisone (60 mg daily). He noted
moderate improvement in his dyspnea and cough. He was discharged to his home, still tak-
ing corticosteroids, and with close outpatient follow-up included in his treatment plan.

[ am concerned about the empirical use of corticosteroids in this setting, without a defi-
nite diagnosis. Through the nonspecific suppression of the inflammatory response, cor-
ticosteroids can result in initial symptomatic improvement in many clinical conditions,
but the ultimate control or cure of the underlying problem requires additional or alterna-
tive treatment. The early improvement in the patient’s dyspnea and cough after the institu-
tion of corticosteroids does not assure me that the presumed diagnosis of either bronchi-
olitis obliterans with organizing pneumonia or a lymphoproliferative disorder is correct.
The possibility of an unrecognized infection remains, and the use of corticosteroids in the
absence of appropriate antimicrobial coverage carries a risk, since these drugs will sup-
press his cellular immune response.

The patient continued with the oral prednisone at 60 mg daily. He was seen in the clinic
three weeks after his discharge, and while he was there, the return of his dyspnea, fevers
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as high as 39.4°C, and cough with pleuritic chest pain were noted. He was admitted again
to the hospital, and a review of the culture from the lung-biopsy specimen obtained three
weeks earlier revealed growth of Burkholderia cepacia. He was started on intravenous cef-
tazidime and levofloxacin. A repeated high-resolution CT scan of the chest showed con-
solidation in both lower lobes and the right middle lobe, findings that were unchanged
from the previous examination.

We now have an organism growing in culture from a lung-biopsy specimen, and the results
are surprising. B. cepacia can be an environmental contaminant, a colonizer, or a true cause
of disease; in this particular case, I would worry that it is a real pathogen. However, it
typically occurs in the setting of certain disorders characterized by impaired pulmonary
defense mechanisms, specifically in patients with cystic fibrosis or chronic granuloma-
tous disease. Although both of these diseases are usually diagnosed during childhood,
they can sometimes be found in late adolescence or early adulthood. Recurrent pneumo-
nia and mild bronchiectasis could be sequelae of cystic fibrosis, and the necrotizing
granulomas found on biopsy could indicate coexistent infection with nontuberculous
mycobacteria, a well-recognized complication of cystic fibrosis. Alternatively, recurrent
B. cepacia pneumonia associated with chronic granulomatous disease is also possible, in
which case the granulomatous inflammation found on biopsy is a characteristic of the
underlying disease.

Careful review of this patient’s family history again revealed no relatives with cystic fibro-
sis or immune deficiencies. The sweat chloride test was normal, with a sweat weight of
22 g and a sweat chloride level of 24 mEq per liter (normal range, 1 to 39). A PCR assay for
an abnormal cystic fibrosis transmembrane regulator (CFTR) gene was negative fora stan-
dard panel of 25 genes. The patient remained febrile while receiving intravenous antibiot-
ics; the results of a repeated bronchoscopy showed normal airways. Bronchoalveolar
lavage was performed, and the fluid was negative for bacteria and viruses on culture, for
acid-fast bacilli on staining, and for Pneumocystis carinii on PCR assay.

Although a normal result from a chloride sweat test and negative test results for the stan-
dard panel of abnormal CFTR genes, taken alone, can each miss a small percentage of
cases of cystic fibrosis, the fact that both of these tests were negative makes a diagnosis
of cystic fibrosis extremely unlikely. Therefore, I believe that the unexpected growth of
B. cepacia, in the setting of a negative workup for cystic fibrosis, leads us to chronic granu-
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COMMENTARY

Physicians are often confronted with the question of whether a premature disorder is the
cause of a patient’s symptoms; coronary artery disease as the cause of chest pain in a 36-
year-old patient is one such example. The opposite phenomenon — considering illnesses
that should have presented years earlier — is a less familiar scenario. In this case, perhaps
if the patient’s physicians had further considered disorders with delayed presentation ear-
lier, the patient’s condition might have been diagnosed sooner.

As the discussant points out, recurrent pneumonia in an otherwise healthy adolescent
patient merits further investigation. Even though this young man had had two previous
episodes of pneumonia, the reappearance of extensive lung disease and the subacute pre-
sentation should have raised the possibility of an underlying inherited disease atan earlier
stage of his evaluation.

The clinical team, however, can hardly be faulted for not quickly recognizing an atypi-
cal presentation of chronic granulomatous disease. The disease was first described in
1957 as a “fatal granulomatosus of childhood.”1:2 It soon became clear that neutrophils
from affected patients, although capable of phagocytosis, were unable to generate active
microbicidal oxygen species necessary to eradicate infection,34 The most common defect
present in the X-linked recessive condition affects gp91°"™, an integral membrane protein
of NADPH oxidase.5 Three additional forms of the disease are due to autosomal recessive
defects in other major components of the oxidase, p22°hor, p47phor and p67phor, 5.6

It has been estimated that chronic granulomatous disease has an incidence of 1 per
200,000 births in the United States.5 Of 368 patients enrolled in a national registry of
patients with chronic granulomatous disease, 70 percent had the X-linked recessive form
and 22 percent had an autosomal recessive form; the genetic basis of the disease could not
be determined in the remaining 8 percent.5 Eighty-five percent of the patients in these
cases were male; 83 percent were white, 11 percent were black, 2 percent were Asian, less
than 1 percent were Native American, 1 percent were of mixed ancestry, and 3 percent were
of unknown race or ethnic group, on the basis of demographic information obtained from
the physicians who enrolled patients in the registry. The mean age at diagnosis was three
years in patients with the X-linked recessive form and eight years in those with autosomal
recessive disease.>7

Infection represents the most common clinical finding in patients with chronic granu-
lomatous disease. The leading infections are pneumonia, abscess formation, suppurative
adenitis, and osteomyelitis.5? Noninfectious complications related to granuloma forma-
tion have also been described and include colitis, gastric-outlet obstruction, and skin
ulceration.6:3
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The diagnosis of chronic granulomatous disease has historically been confirmed by the
nitroblue tetrazolium test. Functioning neutrophils reduce the nitroblue tetrazolium dye
from a clear yellow, water-soluble compound to a dark blue precipitant (formazan) in the
presence of oxygen species produced during the respiratory burst.& More sensitive tests
are now available that involve probes whose fluorescent or chemiluminescent properties
are altered by their reaction with reactive oxidants, sueh as the dihydrorhodamine-123
fluorescence test.5:10 After confirmation of the diagnosis with functional assays, the geno-
type can be determined by immunoblotting or direct sequencing.

The outcome for patients has improved substantially as compared with outcomes in
earlier cohorts, in which only 70 percent of children with chronic granulomatous disease
survived beyond the age of eight years.11:12 Currently, median survival is into the second
decade of life.5 This improvement in survival is attributed primarily to widespread antimi-
crobial prophylaxis with trimethoprim-sulfamethoxazole.11:12 Adjunctive use of itracon-
azole has been effective as prophylaxis against fungal pathogens.*2 Whereas treatment
with interferon gamma reduces the frequency and severity of infections, when used alone
or in conjunction with antimicrobial prophylaxis, its cost and side effects have limited its
use.13 Newer methods, such as gene therapy and bone marrow transplantation, may one
day represent curative options.14

Chronic granulomatous disease is only one example of a genetic disorder that may
present later than usually described; other genetic disorders — for example, Tay—Sachs
disease and cystic fibrosis — may do the same. This case reminds us to keep in mind con-
ditions that show up earlier or later than expected, however unfashionable their arrival
may seem.

Dr. Saint is the recipient of a Career Development Award from the Health Services Research and Development
Program of the Department of Veterans Affairs and a Patient Safety Developmental Center Grant from the Agency
for Healthcare Research and Quality (P20-HS11540).

This article first appeared in the January 6, 2005, issue of the New England Journal of Medicine.
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The Unturned Stone
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A 20-year-old man was transferred to an academic medical center in Salt Lake City for
further evaluation of diarrhea, abdominal pain, and fever. Two months before admission,
he presented to a community hospital with dull, intermittent pain in the right lower quad-
rant. A colonoscopy performed at that time showed patchy erythema, edema, and ulcer-
ations from the transverse colon to the cecum. The terminal ileum also appeared inflamed
and had linear ulcerations. Pathological examination of specimens revealed nonspecific
chronic inflammation.

The patient’s symptoms have been present for two months, defining this as a case of
chronic diarrhea. Acute diarrhea, most often caused by infectious agents, resolves within
four weeks. Among the four major categories of chronic diarrhea — osmotic, secretory,
fatty, and inflammatory — the fever and endoscopic and pathological findings point to an
inflammatory process. Disorders to consider include Crohn’s disease, Behget's disease,
and chronic infections such as gastrointestinal tuberculosis, histoplasmosis, and amebia-
sis. Ulcerating viral infections (such as cytomegalovirus and herpes simplex infection)
would be important concerns in an immunocompromised patient.

While at the community hospital, the patient tested positive for Clostridium difficile toxin,
but did not improve despite treatment with oral metronidazole and, subsequently, oral
vancomycin. He was also treated aggressively for presumed Crohn’s disease with mesala-
mine, corticosteroids (prednisone, 60 mg daily), and two infusions of infliximab — with
no improvement. Because of increasing pain and abdominal distention, the patient was
placed on total parenteral nutrition and transferred to the academic medical center for
further management of his condition.

Risk factors for C. difficile infection include advanced age, hospitalization, and antibiotic
exposure. Even without prior antibiotic use, the patient may have become colonized dur-
ing a hospitalization. Most infections with C. difficile respond to vancomycin or metroni-
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dazole, and the lack of a response warrants a search for an alternative diagnosis. Further-
more, although rectal sparing has been described, the endoscopic findings are inconsistent
with the diagnosis of C. difficile colitis. A flare-up of Crohn’s disease is possible; an asso-
ciation between C. difficile infection and exacerbations of inflammatory bowe! disease is
well recognized. Although most patients with moderate-to-severe Crohn’s disease respond
to prednisone or infliximab (a chimeric tumor necrosis factor monoclonal antibody), the
absence of a response does not rule out the diagnosis. Treatment with corticosteroids and
infliximab for presumptive Crohn’s disease without convincing histopathological evi-
dence is potentially hazardous, given that chronic infections are well known to mimic
Crohn’s disease.

The patient was born in Guatemala and adopted at birth. He moved to the western United
States at nine years of age with his adoptive family. He said that he had not traveled recently.
He had had lifelong diarrhea, with several watery stools daily. The stools were small to
moderate in volume, occasionally tinged with blood, but not greasy or notably foul smell-
ing. He had undergone muitiple evaluations and lower endoscopies and had been given a
diagnosis of nonspecific colitis. Treatment with aminosalicylates and corticosteroids led
to minimal improvement. At 12 years of age, he was diagnosed with colonic malacoplakia
(yellowish, soft papules or nodules) at another academic medical center after colonic
biopsy revealed histiocytes with intracytoplasmic inclusion bodies and intracellular
bacilli. Extensive evaluation at that time showed no evidence of inflammatory bowel dis-
ease. Bacterial cultures and examination of stool samples for signs of ova and parasites
were negative. In addition, acid-fast staining and cultures, including fungal cultures, of
colonic-biopsy specimens were negative. He was treated with trimethoprim~sulfamethox-
azole with moderate but temporary improvement, and diarrhea soon recurred. Further
details of the medical history included a positive tuberculin skin test but a normal chest
radiograph; he subsequently received oral isoniazid for six months. The patient reported
no use of alcohol, tobacco, or illicit drugs, and he was not sexually active. He had received
a blood transfusion during infancy for unknown reasons.

The patient’s history of immigration from Central America suggests the possibility of
tropical sprue, a syndrome that can occur in persons residing in certain tropical locations,
which is presumed to be caused by small-bowel bacterial overgrowth and characterized by
chronic diarrhea and malabsorption. However, tropical sprue is rare in Guatemala, and
the characteristic pathological findings are limited to the small intestine, rather than the
colon. Predisposing conditions for colonic malacoplakia inelude chronic infections by
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coliform bacteria and granulomatous processes, such as sarcoidosis and tuberculosis.
Colonic tuberculosis usually causes ulcers with associated nodularity, a finding not
observed in this patient. The diagnosis is established by culture or histologic examina-
tion, both of which were negative. Nonetheless, the yield from cultures and biopsy mate-
rial may be low, and diagnosing intestinal tuberculosis may be particularly challenging in
the absence of extraintestinal manifestations. The history of a blood transfusion during
infancy raises the possibility of an underlying infection with the human immunodefi-
ciency virus (HIV). .

The patient appeared to be underdeveloped and chronically ill, with diminutive stature
and decreased muscle mass. On physical examination, his height was 160 cm and his
weight 47.5 kg. His temperature was 39.2°C, his blood pressure 98/40 mm Hg, his heart
rate 94 beats per minute, and his respiratory rate 20 breaths per minute. His lungs were
clear, and his cardiac examination showed no abnormalities. His abdomen was soft, with
mild distention, normal bowel sounds, and no organomegaly. There was diffuse tender-
ness to palpation that was worse in the right lower quadrant, but without rebound tender-
ness. A rectal examination revealed no masses; a small amount of brown stool was
obtained, which tested positive for occult blood. An examination of the skin revealed no
lesions, and a neurologic examination showed no abnormalities.

The patientclearly has chronic diarrhea and resulting nutrient malabsorption, as reflected
in his habitus. A complete blood count and measurements of prothrombin time and serum
levels of electrolytes, albumin, calcium, phosphate, magnesium, iron, folate, and vitamin
B,, should be obtained to screen for malabsorption; blood cultures should also be obtained.
Abdominal computed tomography (CT) should be performed, with special attention to
the ileocecal region for signs of mural and omental thickening, lymphadenopathy, ascites,
or abscess. Fever, right-lower-quadrant pain, and an ileocecal distribution of inflamma-
tion may be clues to the presence of Crohn’s disease, but they may also suggest a neoplasm
or an infection that might include tuberculosis, histoplasmosis, amebiasis, Mycobacterium
avium complex, and Yersinia enterocolitica.

The white-cell count was 5500 per cubic millimeter, with 10 percent band forms. The
hematocrit was 36 percent, with a mean corpuscular volume of 81 um’, and the platelet
count was 146,000 per cubic millimeter. Other laboratory values were as follows: sodium,
138 mmol per liter; chloride, 101 mmol per liter; potassium, 4.6 mmol per liter; bicarbon-
ate, 33 mmol per liter; blood urea nitrogen, 11 mg per deciliter (3.93 mmol per liter); cre-
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cal pattern. As was seen with the patient in this case, management with early, aggressive
immunosuppression withouta definitive diagnosis can lead to catastrophic consequences
when a chronic infection goes undiagnosed.

Histoplasmosis, which primarily affects the lungs, is caused by a dimorphic fungus
endemic to river valleys in the midwestern and southeastern United States, as well as Cen-
tral America and South America. The organism is transmitted by inhalation of spores
from soil contaminated by bat or bird droppings. Histoplasmosis is not an easy diagnosis
to make. Indeed, Goodwin and colleagues noted two decades ago that “the diagnosis of
histoplasmosis begins with thinking of it."

More than 90 percent of infected persons remain asymptomatic and are identified only
as a result of abnormal chest radiographs or positive skin testing.2 Fewer than 10 percent
of all recognized cases represent disseminated disease. Disseminated disease is uncom-
mon in immunocompetent patients, but it is common when infection occurs in immuno-
compromised patients.3 Gastrointestinal involvement occurs in 70 to 90 percent of patients
with disseminated disease and has been reported primarily in immunocompromised
patients.3-6

Clinical manifestations of gastrointestinal histoplasmosis range from none, in asymp-
tomatic infection, to nausea, vomiting, diarrhea, bleeding, abdominal pain, weight loss,
obstruction, and perforation. The most frequently involved sites are the terminal ileumn
and cecum.* Endoscopic findings include plaques, small polyps, mucosal edema, ulcer-
ations, strictures, and masses.3:¢ Definitive diagnosis is made by histologic examination
or culture growth, with subsequent identification of H. capsulatum. Histoplasmosis anti-
genin serumor urine is specific and sensitive, and organisms may occasionally be detected
on a peripheral-blood smear. Serologic testing for antibodies is less reliable, since immu-
nocompromised patients may be anergic.# Treatment options include intravenous ampho-
tericin B or oral itraconazole; early treatment usually results in good outcomes.

Certainly, this patient’s diarrhea, right-lower-quadrant pain, and endoscopic findings
of ileocecal inflammation and stricture could have been consistent with Crohn’s disease.
Several clues, however, raised the suspicion of a chronic infection that mimicked Crohn’s
disease, including the patient’s childhood in Central America and the substantial mono-
nuclear cell inflammation on colonic-biopsy specimens, in the absence of the distortion
of crypt architecture or granulomas typical of Crohn’s disease.

An important additional clue that the diagnosis was incorrect was the poor clinical
response to aggressive treatment for Crohn’s disease. Corticosteroid therapy typically
results in short-term response rates of 80 to 90 percent among patients with moderate-to-
severe Crohn’s disease.” Patients with Crohn’s disease that is refractory to aminosalicy-
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lates and corticosteroids have short-term responses to infliximab 50 to 80 percent of the
time.8 Rather than improving while receiving these agents, this patient’s condition wors-
ened. In retrospect, the infliximab may have led to his decompensation.

Infliximab, along with etanercept, exerts biologic effects through antagonism of tumor
necrosis factor a. Several reports have documented disseminated histoplasmosis in
patients treated with infliximab or etanercept for rheumatoid arthritis or Crohn’s dis-
ease.%-11 Cell cultures infected with H. capsulatum and treated with infliximab show pro-
liferation of the organism and decreased lymphocyte proliferation.? Tuberculosis has also
been reported in patients treated with infliximab, and tuberculin skin testing is routinely
performed before the initiation of infliximab therapy.12 Although routine testing for his-
toplasmosis is not recommended before infliximab therapy is initiated, a test for histo-
plasmosis antigen in urine or serum could have been helpful in this case, especially since
the diagnosis was uncertain.

The lack of a pathognomonic test for Crohn’s disease makes this condition one that is
frequently misdiagnosed.13 The identification of chronic infections may be particularly
challenging, since their diagnosis may require multiple biopsies, large amounts of sample
tissue, special culture media, and prolonged culture times. This case demonstrates that
infections precipitated by antagonists to tumor necrosis factor @ may mimic Crohn’s dis-
ease. Diligence — leaving no stone unturned — will facilitate the appropriate diagnosis
and treatment of these challenging conditions.

Dr. Saintis the recipient of a Career Development Award from the Health Services Research and Development Program
ofthe Department of Veterans Aftairs; his work is supported by a Patient Safety Developmental Center Grant (P20-11511540)
from the Agency for Healthcare Research and Quality.

Dr. Moseley reports having received consulting fees from Pfizer for serving as an expert witness.
This article first appeared in the February 3, 2005, issue of the New England Journal of Medicine.

Figures 2 and 3 have been revised in this version to correct an ervor in the original publication.
Acorrection notice was published in the April 21, 2005, issue.
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ON THE THRESHOLD — A DIAGNOSIS OF EXCLUSION

On the Threshold — A Diagnosis of Exclusion

PETER CLARKE, M.D., SUSAN GLICK, M.D,,

AND BRENDAN M., REILLY, M.D.

A 48-year-old airline mechanic from Belize presented to the emergency department with
fever and altered mental status.

Two weeks earlier, fever, myalgias, and dry cough had developed. His maximal daily
temperature reached as high as 41.1°C, and one week before coming to the emergency
department, the patient awakened unable to speak. At a hospital in Belize, he was febrile
and aphasic without other focal neurologic findings. The results of computed tomogra-
phy (CT) of the brain were normal. Examination of the cerebrospinal fluid revealed a pro-
tein level of 157 mg per deciliter and a glucose level of 44 mg per deciliter (2.4 mmol per
liter) but no cells or microorganisms. The patient received treatment with chloroquine
and acyclovir for the next five days but did not improve and was flown to Chicago for fur-
ther care.

On examination, the patient was agitated and unable to speak or follow verbal com-
mands. The blood pressure was 132/74 mm Hg, the pulse 82 beats per minute, and the
respiratory rate 20 breaths per minute. The temperature was 39.5°C. The resulits of the
general examination were normal, without meningismus. A neurologic examination
revealed global aphasia but was otherwise normal except for an equivocal extensor plantar
response on the right. The optic fundi appeared normal.

Fever with aphasia and an absence of other neurologic abnormalities suggest an inflam-
matory process involving a discrete area of the dominant cerebral cortex in the temporo-
parietal or frontal region, or both. The apparently sudden onset of aphasia suggests a vas-
cular process, such as a septic embolism, vasculitis, or hemorrhage into an abscess or
neoplasm. In a patient from Central America, neurocysticercosis must also be considered.
Has the patient had seizures? Other primary infections that might occur in an immuno-
competent patient include viral encephalitis (especially due to herpes simplex virus), acute
disseminated encephalomyelitis, and tuberculosis — but the reported absence of cells in
the spinal fluid argues against these diagnoses. Because the patient’s immune status is
unknown, I would also be concerned about fungal disease, toxoplasmosis, and other
opportunistic infections.
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1 would reexamine the patient, looking particularly for signs of infective endocarditis
(such as Roth’s spots or splinter hemorrhages). [ would also obtain additional images of
the brain, preferably with magnetic resonance imaging (MRI), obtain blood cultures and
malaria smears, and test for the human immunodeficiency virus (HIV).

The white-cell count was 10,300 per cubic millimeter, with 80 percent polymorphonuclear
leukocytes. The hematocrit, platelet count, electrolyte levels, levels of urea nitrogen and
creatinine, liver-enzyme levels, smears for malaria, and results of the urinalysis, toxico-
logic screen, chest radiography, and the test for HIV were normal. Blood cultures were
obtained. The findings on contrast-enhanced CT of the brain were normal.

Examination of cerebrospinal fluid revealed 15 red cells and 30 white cells per cubic
millimeter (21 lymphocytes and 9 neutrophils); the protein level was 140 mg per deciliter,
the glucose level 33 mg per deciliter (1.8 mmol per liter), and the serum glucose level 100
mg per deciliter (5.5 mmol per liter). But the results of Gram’s staining, a smear for acid-
fast bacilli, India-ink preparation, and a test for cryptococcal antigen were negative.

The patient was hospitalized, and treatment was begun with intravenous ceftriaxone,
vancomycin, and acyclovir.

The normal results of the patient’s imaging studies are perplexing. A cortical infarct,
abscess, or mass should be visible by now, one week after the onset of aphasia. Is it certain
that the patient is aphasic? Mutism associated with cerebellar or brain-stem disease (for
which CT may be a less reliable method of diagnosis) can be confused with aphasia.

Lymphocytic pleocytosis with hypoglycorrhachia suggests tuberculous, fungal, or car-
cinomatous meningitis, any of which can cause stroke due to contiguous vascular involve-
ment. Has the patient lost weight or had prior systemic symptoms?

I would immediately perform MRI of the brain and a tuberculin skin test. In addition to
bacterial, fungal, and mycobacterial cultures, I would test the cerebrospinal fluid with the
polymerase chain reaction (PCR) for herpes simplex virus and Mycobacterium tuberculosis.
Pending the results of these studies, broad-spectrum antibiotics, including acyclovir,
should be continued.

A neurology consultant agreed that the patient was globally aphasic, with no other focal
neurologic findings. MRI of the brain revealed increased signal intensity along the left
sylvian fissure and the adjacent left frontal lobe, with localized leptomeningeal enhance-
ment (Figure 1). The neuroradiologist’s impression was that the focus of the differential
diagnosis should be “meningoencephalitis versus vasculitis.”
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On the second through fifth hospital days, the patient had a temperature as high as 40.0°C.
The results of 2 neurologic examination showed no change.

Blood and cerebrospinal fluid cultures revealed no growth after 72 hours. Transesoph-
ageal echocardiography showed no abnormalities. Tests of serum and cerebrospinal fluid
for syphilis and a tuberculin skin test were negative. Assays for toxoplasma IgG and Bor-
relia burgdorferi antibodies were negative. An electroencephalogram showed nonspecific
diffuse slowing. The results of tests for antinuclear and antineutrophil cytoplasmic anti-
bodies, protein electropheresis, and evaluation of complement levels were normal. The
sedimentation rate was 69 mm per hour.

On the sixth hospital day, a repeated lumbar puncture showed 130 red cells and 510
white cells per cubic millimeter (61 percent lymphocytes and 39 percent neutrophils),
with negative results on Gram’s staining, an acid-fast smear, an India-ink preparation,
and cytologic evaluation. Protein and glucose levels in the cerebrospinal fluid were not
measured; oligoclonal bands were absent. Ceftriaxone and vancomycin were discontin-
ued. A treatment regimen of isoniazid, rifampin, pyrazinamide, ethambutol, and pyridox-
ine was begun.

Considering the diagnostic importance of hypoglycorrhachiain a febrile patient with lym-
phocytic pleocytosis, the level of glucose in the spinal fluid should be measured again.
Fungal meningitis is very improbable in an immunocompetent patient. A prolonged,
relapsing clinical course is unusual in tuberculous or carcinomatous meningitis, but [
agree with the recommendation of empirical antituberculosis treatment, and I would
search for a primary cancer.

CT of the neck, chest, abdomen, and pelvis revealed no abnormalities. The serum level of
angiotensin-converting enzyme (ACE) was normal.

Cerebrospinal fluid PCR tests were negative for M. tuberculosis, cytomegalovirus, the
Epstein—Barr virus, herpes simplex virus, herpes zoster virus, and enteroviruses. Tests of
serum for antibodies to the California, eastern equine, western equine, and St. Louis
encephalitis viruses were negative. Acyclovir was discontinued.

On the sixth through ninth hospital days, the patient’s condition remained unchanged.
His temperature was as high as 40°C daily, and he remained unable to communicate.
Treatment with doxycycline was begun, pending the results of serologic studies for rick-
ettsia and brucella.
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vasculotropic organisms such as herpesviruses, fungi, and other organisms, including
M. tuberculosis, that are known to cause secondary CNS angiitis.

On hospital days 10 through 17, the patient’s temperature spiked to 40°C daily despite
antituberculosis therapy and treatment with doxycycline, phenytoin, and felodipine. He
remained aphasic. All cultures were negative.

On hospital day 18, intravenous methylprednisolone therapy was begun for probable
primary CNS angiitis, on the advice of a consulting rheumatologist. The neurology con-
sultant recommended brain biopsy.

The patient has shown no signs of improvement after almost two weeks of broad-
spectrum antibiotic therapy, and the diagnosis remains unclear. As I have already noted,
I agree with the recommendation for brain biopsy.

On hospital day 19, an open left-frontal brain biopsy was performed. Grossly, the dura was
thickened and adherent to the arachnoid and the pia. The adjacent cerebral cortex was noted
to feel rubbery. Biopsy specimens were obtained from the cortex and leptomeninges.

During the next 48 hours, low-grade fever (38.3°C) persisted, but the patient’s condi-
tion appeared improved, and he began to speak haltingly. Serum titers of antibodies to
rickettsia and brucella were negative. Doxycycline was stopped.

Microscopical examination of biopsy specimens revealed noncaseating granulomas
and an intense lymphocytic infiltrate involving small biood vessels, the leptomeninges,
and the adjacent cerebral cortex (Figure 3). Tissue and cerebrospinal fluid smears for bac-
teria, acid-fast bacilli, parasites, fungi, and malignant cells were negative. PCR testing
was negative for M. tuberculosis, cytomegalovirus, herpes simplex virus, varicella—zoster
virus, human herpesvirus 6, and JC and BK viruses.

We have now done all we can to make a diagnosis. The granulomatous histologic findings
are nonspecific. However, I believe we can rule out viral, fungal, and rickettsial causes
with confidence. Given the patient’s relapsing clinical course; the negative tuberculin test,
acid-fast smears, and DNA tests on multiple spinal-fluid and brain-tissue specimens; and
the lack of clinical improvement after two weeks of antituberculosis therapy, the diagno-
sis of tuberculosis seems so unlikely that I believe that empirical antituberculosis therapy
can be discontinued. There is no evidence of neoplasm or systemic vasculitis. By a process
of exclusion, primary CNS angiitis is the most likely diagnosis.
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I would treat the patient with corticosteroids and follow his response clinically and
with MRI.

During the following week, the patient’s fever resolved, and he became more interactive
verbally, but he remained markedly dysphasic (with poor comprehension, repetition, and
naming facilities). Treatment with prednisone (60 mg daily) and the antituberculosis
therapy were continued. The results of bronchoscopic biopsy and transbronchial biopsies
were normal. In light of the patient’s persistent severe verbal disability, the rheumatology
consultant recommended the addition of high-dose cyclophosphamide therapy for pri-
mary CNS angiitis. The consultants in neurology and infectious diseases agreed but also
recommended full antituberculosis treatment for 12 months.
An intravenous infusion of 1300 mg of cyclophosphamide was given.

The evidence to support the addition of cyclophosphamide as first-line therapy for pri-
mary CNS angiitis is not strong. In this case, the patient’s condition is already improving,
and we must consider the potential toxicity of cyclophosphamide. My recommendation
would be to treat with corticosteroids alone and follow the patient carefully.

All cultures remained negative. On hospital day 35, the patient was discharged to his home
in Belize while receiving daily prednisone and antituberculosis therapy, with plans for a
second infusion of high-dose cyclophosphamide in the next month. At the time of dis-
charge, he appeared greatly improved but remained dysphasic.

Three weeks later, the laboratory reported positive cerebrospinal fluid cultures for iso-
niazid-sensitive M. tuberculosis. Cultures of brain and lung tissue were sterile. Cyclophos-
phamide was stopped. Antituberculosis therapy was continued, and prednisone therapy
was tapered gradually.

One year later, the patient is doing well.

Hats off to those who insisted on treatment for tuberculosis despite the patient’s unusu-
al clinical presentation and multiple negative tests. That decision may well have been
lifesaving.
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COMMENTARY

During the primary infection, M. tuberculosis disseminates widely before cell-mediated
immune mechanisms either kill or contain the organisms.! In the latter event, caseous
tubercles containing live bacilli (so-called Rich foci) can be found in the CNS many years
after the primary infection.2 If one of these foci ruptures, typically when host immunity
wanes, tuberculous meningitis (rupture into the ventricle or subarachnoid space) or tuber-
culoma (rupture into the brain or spinal cord) will develop. We speculate that our patient’s
initial aphasia resulted from rupture of a caseous tubercle into his frontotemporal cortex.
After improving temporarily, he worsened as the infection and local inflammatory
response spread to involve the adjacent blood vessels and meninges.

This clinical syndrome — tuberculous meningoencephalitis with granulomatous vas-
culitis — is rarely seen today in immunocompetent adults native to North America. How-
ever, it remains an important concern in people living in or emigrating from countries
with a high prevalence of tuberculosis.3 The prevalence of tuberculosis in Belize, for exam-
ple, is about 10 times that in the United States.

The diagnosis of CNS tuberculosis is notoriously difficult to make.! Half of afflicted
patients show no clinical signs of pulmonary (or other extraneural) involvement. Typical
symptoms (e.g., headache and low-grade fever) are nonspecific. Progressive worsening is
the rule, but relapsing clinical courses, as in this patient, have been reported.# Abnormal
neurologic findings may be absent (in stage 1 disease) or striking (stupor, coma, or dense
hemiplegia in stage 3 disease), but most patients present with stage 2 disease, accompa-
nied by signs (confusion, cranial-nerve palsies, or hemiparesis) that mimic many other
disorders.5:¢ Abnormalities on CT and MRI scanning are common (in 70 to 80 percent of
patients) but nonspecific; hydrocephalus, meningeal or parenchymal enhancement, mass
lesions, or infarction may be seen.”-8 Cerebrospinal fluid may be normal on examination
early in the clinical course, and 25 percent of patients never have what would be considered
the classic cerebrospinal fluid profile (lymphocytic pleocytosis, elevated protein levels,
and low glucose levels). Smears for acid-fast bacilli in cerebrospinal fluid are positive in
only 20 percent of cases,! and the sensitivity of PCR testing (30 to 80 percent) has been
disappointing.®-1® The gold standard test — spinal-fluid culture for M. tuberculosis —
requires several weeks to complete and is negative in as many as half of all patients who
improve clinically with antituberculosis treatment. Thus, the diagnosis requires both a
high index of suspicion and the knowledge that, as Zuger and Lowy have stated, “All pre-
mortem means of diagnosing [CNS tuberculosis] must be assumed to be fallible.”?
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As the discussant noted, primary CNS angiitis is very rare; there were only 108 cases
reported in the English-language literature over a 40-year period.1112 Such so-called
zebra diagnoses should always prompt skepticism, because a common presentation of a
rare disease is less likely than a rare presentation of a common disease. This rule ofthumb
is especially germane to our case, because primary CNS angiitis is a diagnosis of exclu-
sion: it cannot be made until all other secondary causes are disproved, especially infec-
tious diseases, such as tuberculosis, that may worsen if treated mistakenly with cortico-
steroids alone. Fortunately for our patient, his physicians knew this. Untreated CNS
tuberculosis is invariably fatal. With treatment, 70 to 85 percent of patients survive, half of
them with no residual neurologic disability.5

Even if primary CNS angiitis were considered the more probable diagnosis, a “thresh-
old approach” to clinical problem-solving could have avoided the discussant’s (potentially
disastrous) treatment error in this case.13 Under conditions of diagnostic uncertainty,
empirical treatment is indicated for all diagnoses whose probability exceeds their treat-
ment threshold. (This term refers to the probability of disease at which there is no clear
advantage for either empirical treatment or no treatment.) For CNS tuberculosis, this
threshold probability is very low because the potential harm of antituberculosis drugs is
very small (risk of fatal hepatitis, approximately 0.1 percent) 14 and their potential benefit
very great.5 In other words, empiric antituberculosis treatment should be given even if the
probability of CNS tuberculosis is very low and another diagnosis seems more plausible.
Once this critical decision is made to “cover” the patient for tuberculosis, the decision also
to begin corticosteroid treatment is an easy one. Corticosteroids are not only the mainstay
of treatment for primary CNS angiitis!?; they are also recommended (as adjunctive treat-
ment) for CNS tuberculosis.15

This article first appeared in the March 3, 2005, issue of the New England Journal of Medicine.
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A

Abdominal bloating, with dyspnea and weight loss,

149-55
Abdominal pain, with weight loss, 103-11

Abdominal surgery, coagulopathy following, 31-36
Activated partial-thromboplastin time, prolonged,

3135

Acute coronary insufFiciency,
cocaine-related, 41-43, 46

Adrenal insufficiency, 180
Altered mental status
in elderly patient, 173-74, 180
with fever and aphasia, 265-72
Amebiasis, 256
Analytic reasoning, 20
Anchoring heuristic, 26
Angiitis, central nervous system, 271-72, 273-74
Aortic dissection
case presentation
chest radiograph, 42f
history, 41

physical examination and diagnostic
tests, 41-44

surgical findings, 44-45, 45f
commentary
clinical features, 46, 47
diagnostic tests, 47
management, 47
pathophysiology, 46
Aortic surgery

aortobronchial fistula following.
See Aortobronchial fistula

coagulopathy following, 31-36
Aortobronchial fistula
case presentation
chest CT, 120-21, 120f
chest radiograph, 118, 118f
history and physical examination, 115-17

magnetic resonance angiogram, 121f

schematic diagram, 121f

thorascopic biopsy, 119

commentary

diagnosis, 122

etiology, 122
Arrhythmia, in cocaine user, 41-47
Arthritis, with fever and rash, 72-73
Asbestos exposure, 156. See also Mesothelioma
Ascites, 149-50, 154-55
Asthma, adult-onset, 51-54, 57

Atherosclerosis, gastric manifestations. See Gastric
ischemia

Autopsy, in nonforensic cases, 180
Availability heuristic, 26

Axillary subclavian vein, primary thrombosis,
85-86, 86f

B
Bacillary angiomatosis, 169
Bartonella infection
case presentation
clinical features, 163-65, 163f
history, 161-62
lymph node biopsy, 166-67, 166f, 167f
commentary
etiology, 169

tissue biopsy vs. noninvasive diagnostic tests,
168-69

Bayesian analysis, 2, 25-26

Benefits, in treatment threshold determination,
10-11

Blastomycosis, 244
Bone lesions, lytic, 92f, 93-97, 95f, 96f

Bradycardia, with persistent nausea and vomiting,
195-200, 197f

Burkholderia cepacia, 247
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C
Cancer, test—treatment threshold, 99-100

Cardiac glycosides, plant sources, 200-202, 201f.
See also Digitoxin poisoning

Celiac sprue
case presentation
differential diagnosis, 222
duodenal biopsy, 224, 224f
history and physical examination, 219-21
laboratory results, 221-22
pelvic radiograph, 222, 223f
commentary
clinical features, 225
differential diagnosis, 225-26
pathophysiology, 225
Chest pain
in cocaine user, 41-47
pleuritic
acute onset in adolescent, 77-78
with dyspnea and productive cough, 241-48
Chronic granulomatous disease
case presentation
chest CT scan, 244-45, 245f
chest radiograph, 242, 243f
history and physical examination, 241-42
laboratory results, 242-44, 246-48
neutrophil oxidative burst assay, 248, 248f
open-lung biopsy, 245-46
commentary
clinical features, 249
diagnosis, 250
incidence, 249
pathophysiology, 249
survival rate, 250
Churg-Strauss syndrome
case presentation
history and physical examination, 51-53
laboratory results, 53-55
pericardial biopsy, 56, 56f
pulmonary function test results, 53¢
transbronchial biopsy, 55-56, 55f
commentary
clinical characteristics, 57-58, 58t
Ciguatera poisoning, 185-86
Cirrhosis, 174-75

Clostridium difficile, 253-54
Clubbing, fingers, 221
Coagulopathy
after abdominal surgery, 31-35
with dyspnea and syncope, 79-80
Cocaine use
chest pain and syncope with, 41-47
pulmonary hemorrhage with, 116-17
Coccidioidomycosis, 69
Cognitive errors, in diagnostic process, 25-26
Confirmation bias, 26
Constrictive pericarditis
case presentation
chest CT scan, 209, 210, 211f
chest radiograph, 210f
differential diagnosis, 210-12
heart catheterization, 210-12, 212f
histology, 213f
history and physical examination, 207
laboratory results, 207-8
pulmonary function test, 209
surgical treatment, 212-13
transthoracic echocardiogram, 208-9
commentary
differential diagnosis, 213-15
Costs, in treatment threshold determination, 10-11
CREST syndrome, 128
Crohn’s disease, 253-54, 259-61

D
Decision-making
clinical
cognitive errors, 25-27
improvement methods, 27
knowledge organization, 22-25

pattern recognition vs. analytic reasoning,
19-20

problem-solving strategies, 20-22
quantitative

likelihood ratios, 3-6, 3t, 8f

post-test probability. See Post-test probability

pretest probability. See Pretest probability

testing threshold, 12-15, 14f, 15f

treatment threshold, 10-12, 11t, 14f
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Diagnostic process
cognitive errors, 25-27
improvement methods, 27
knowledge organization, 22-25
pattern recognition vs. analytic reasoning, 19-20
problem-solving strategies, 20-22
Diarrhea
chronic, 253-59
in HIV infection, 61-62
Digitoxin poisoning
case presentation
electrocardiogram, 196-98, 197f
history and physical examination, 195-96, 198
laboratory results, 199-200
telemetric monitoring, 199f
treatment, 200
commentary
differential diagnosis, 202
plant sources, 200-202, 201f
treatment, 200, 202
Dispensing errors, 35-37
Dyspnea
with cough and orthopnea, 207-13
differential diagnosis, 9, 9t
with jaundice, 229-33
with pleuritic chest pain, 241-48
progressive exertional
in adolescent, 77-78
in immunosuppressed patient, 127-32

with weight loss and abdominal bloating,
149-55

with sinus disease and eosinophilia, 51-56
Dysuria, differential diagnosis, 2, 2¢

E

Effort thrombosis, axillary subclavian vein, 82, 82f,
85-86, 86f

Elderly patient, found incapacitated, 173-74, 180
Eosinophilia, 53-56, 55f, 56f

F
Fever of unknown origin
approach to, 74
definition, 73, 168
with dyspnea and night sweats, 69-74

with finger swelling and erythema in kidney
transplant patient, 161-69

in HIV infection, 61-66
Fistula, aortobronchial. See Aortobronchial fistula

Foxglove plant, 200-201, 201f. See also Digitoxin
poisoning

G
Gastric ischemia
case presentation
angiography, 108-9, 108f
biopsy, 107-9, 107f
endoscopy, 106-7, 106f
history and physical examination, 103-5
laboratory results, 105-6
commentary
differential diagnosis, 110-11
imaging techniques, 110

Glucose-6-phosphate dehydrogenase (G6PD)
deficiency

case presentation
history and physical examination, 229-31
laboratory results, 231-32
treatment, 232-33
commentary
pathophysiology, 234-37, 234f, 235f, 236f
treatment, 235-36
Granulomatosis, lymphomatoid, 246
Guyana, 62-63

H
Headache, acute onset with neck pain, 185-90

Heart failure, in constrictive pericarditis, 213-14.
See also Constrictive pericarditis

Hemoptysis
case presentation, 115-21
differential diagnosis, 116, 121-22
Heuristics, 25-26
Hickam’s dictum, 133
Histoplasmosis, disseminated
case presentation
biopsy, 257-58, 257f, 258f
colonoscopy, 256f, 257
etiology, 260
history and physical examination, 253-55
laboratory results, 255-56



280

The NEW ENGLAND JOURNAL of MEDICINE

peripheral blood smear, 259f
treatment, 258-59
commentary
clinical features, 260
differential diagnosis, 260-61
etiology, 260
History, importance in diagnosis, 155-57

Human immunodeficiency virus (HIV) infection,
fever and diarrhea in, 61-66

Hypercalcemia, with anemia and renal failure, 91-
100

Hypereosinophilic syndrome, 57-58, 58t
Hypotheses, in diagnostic process, 20-21

1
IlIness scripts, 23-24
Immunosuppression

opportunistic infections in. See Opportunistic
infections

progressive exertional dyspnea in, 128-32
serologic testing in, 164-65
Information gathering, in diagnostic process, 21-22
Instances, 23
Iron-deficiency anemia, 220

J
Jaundice, with dyspnea, 229-33

Jugular vein, septic thrombophlebitis. See Lemierre’s
syndrome

K

Kala-azar, 63, 65-65

Kaposi's sarcoma, 166

Knee pain, with fever and rash, 72-73

Knowledge organization, in diagnostic process,
22-25

L
Leishmaniasis
case presentation
bone marrow biopsy, 64f
clinical features, 64-65
history and physical examination, 61-63
laboratory results, 63-64
commentary
epidemiology, 65-66, 65f
in HIV infection, 65

Lemierre’s syndrome
case presentation
chest CT scan, 141-42, 142f
chest radiograph, 139-40, 140f
history and physical examination, 137-38
laboratory results, 138-39, 141
neck CT scan, 143f
surgical exploration, 142-43
commentary
clinical features, 144-45
diggnosis, 145
pathophysiology, 144
Leukocytosis, with gastric ulcers, 103-4
Likelihood ratio, 3-6, 3t, 8f

Low-back pain, with weight loss and lower extremity
pain, 219-24

Ludwig’s angina, 138
Lytic bone lesions, 92f, 93-97, 95f, 96f

M

Malacoplakia, chronic, 254-55
Medication errors, 35-37

Melioidosis, 62

Meningitis, differential diagnosis, 186-87

Mesenteric ischemia, 109-10. See also Gastric
ischemia

Mesothelioma
case presentation
abdominal CT scan, 151-53, 152f, 154-55
chest radiograph, 150f, 151
history and physical examination, 149-50, 153
laboratory results, 151-52
laparoscopy, 155
commentary
clinical features, 156
differential diagnosis, 156
incidence, 156
Methemoglobinemia, 232, 233-35, 234f
Methylene blue, 232-33, 234f, 235-36

Multiple myeloma, 98-100, 99t. See also Nonsecretory
myeloma

N

Nausea and vomiting, with bradycardia, 195-200,
197
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Neck manipulation, vertebral-artery dissection
following. See Vertebral-artery dissection

Negative predictive value, 4
Neutrophil oxidative burst assay, 248, 248f
Nomogram, pretest to post-test probabilities, 8, 8f
Nonsecretory myeloma
case presentation
history and physical examination, 91-92
iliac bone lesion biopsy, 95-96, 95f
laboratory results, 92-95
neurologic examination, 97-98
pathologic fracture, 96f
skull radiographs, 92f, 93
vertebral body biopsy, 97f, 98
commentary
testing sequence, 98-99, 99t
test-treatment threshold, 99-100

0
Occam’s razor, 133
0Odds, vs. probabilities, 6-7, 7t, 98-99, 99t
Opportunistic infections
in HIV infection, 61-66
lymph node biopsy in evaluation, 166-67, 168-69
in transplant patient, 161-67

P
Paget-Schroetter syndrome
case presentation, 83f
autopsy results, 83
chest CT scan, 80
history and physical examination, 77-79
laboratory results, 79
pulmonary angiogram, 81-82, 81f, 83f
subclavian angiogram, 82f
commentary
differential diagnosis, 84
pathophysiology, 85, 86f
treatment, 85-86
Pattern recognition, 19-20, 226
Pericarditis, constrictive. See Constrictive pericarditis
Pharyngitis, with worsening symptoms, 137-44
Phlegmonous gastritis, 104
Pleural effusion, 151-52, 152f

Pneumonia
differential diagnosis, 173-76, 241-42, 242f
in immunosuppressed patient, 129-32
Positive predictive value, 4
Post-test probability
calculation, 7t, 13, 14f
definition, 6-8
nomogram, 8f
Premature closure, 26, 236-37
Pretest probability -
conversion to post-test probability, 6t, 8f, 13, 14f
definition, 2-3, 3t
Probabilities
vs. odds, 6-7, 7t, 98-99, 99t
post-test, 6-8, 7t, 8f, 13, 14f
pretest, 2-3, 3t, 6, 8f, 13, 14f
Problem representation, 24
Problem solving
hypothesis generation, 20-21
information gathering and analysis, 21-22
verification, 22
Prothrombin time, prolonged, 31-35
Prototypes, 23
Pseudoaneurysm, aortic. Sez Aortobronchial fistula
Pulmonary embolism
from axillary subclavian vein in adolescent, 80-83
differential diagnosis, 84
in immunosuppressed patient, 127-32
incidence, 84

Pulmonary hemorrhage, 115-19, 118f. See also
Hemoptysis

R

Reactive oxygen species, 234-35, 235f
Representative heuristic, 25
Rheumatoid arthritis, 127

S

Saint’s triad, 133
Schistosomiasis, 63
Sensitivity, 4

Septic thrombophlebitis, jugular vein. See Lemierre’s
syndrome

Soft-tissue infection, 139, 161-62
Specificity, 4
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Splenomegaly, 63
Still's disease
case presentation
colonoscopy, 71-72
history and physical examination, 69-70
joint aspiration, 72
laboratory results, 70-71 .
treatment, 72-73
commentary
diagnosis, 73-74
Strongyloides, 54-55
Syncope, in cocaine user, 41-47

T
Testing threshold
in cancer, 99-100
determination, 12-15, 14f, 15
Thrombin clotting time, 33-34
Thrombocytopenia, 138-39
Thromboembolic disease, See Pulmonary embolism

Thrombophlebitis, of jugular vein. See Lemierre’s
syndrome

Toxic ingestion, 195-200
Transplant patient, fever of unknown origin, 161-69

Travel history, in differential diagnosis of fever,
61-62, 65-66

Treatment threshold

in cancer, 99-100

definition, 10

determination, 10-12, 11t, 14f
Trichinosis, 63
Tuberculosis

adrenal insufficiency in, 180

central nervous system. See Tuberculosis, central
nervous system

differential diagnosis, 152-53, 155-56, 180-81,
273

disseminated. See Tuberculosis, dlsseminated
incidence, 178-79
intestinal, 255
skeletal, 72, 219
Tuberculosis, central nervous system
case presentation
brain biopsy, 270, 271f
brain MRI, 266-67, 267f
cerebral angiogram, 269, 269f

history and physical examination, 265-66
laboratory results, 266, 268
treatment, 270

commentary
clinical features, 273
treatment, 272

Tuberculosis, disseminated

case presentation
autopsy results, 178, 179f
chcst'radiograph, 175-76, 176f
history and physical examination, 173-74
laboratory results, 174-75
treatment, 177-78

commentary
differential diagnosis, 180-81

v

Ventilation-perfusion scan, testing threshold, 12-13,
13f, 13t

Verification, in diagnostic process, 22
Vertebral-artery dissection
case presentation
cerebrospinal fluid analysis, 186-87
etiology, 191-92
head CT scan, 186
head MRU, 188f, 189-90
history and physical examination, 185-86
magnetic resonance angiogram, 189f
treatment, 188
commentary
pathophysiology, 191-92
treatment, 192
Vitamin D deficiency, 221-22
Vitamin K deficiency, 31-35

w

Warfarin toxicity, 31-35

Weight loss, unintentional
with abdominal pain, 103-11
with exertional dyspnea and orthopnea, 149-50
with lower extremity pain, 219-24

Z
Zoonotic infections, 162-63






