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Preface

Our goal in creating Symptom to Diagnosis was to develop an interesting, practical, and informative approach to teaching the diagnostic
process in internal medicine. Interesting, because real patient cases are integrated within each chapter, complementing what can otherwise
be dry and soporific. Informative, because Symptom to Diagnosis articulates the most difficult process in becoming a physician: making an
accurate diagnosis. Many other textbooks describe diseases, but fail to characterize the process that leads from patient presentation to
diagnosis. Although students can, and often do, learn this process through intuition and experience without direct instruction, we believe
that diagnostic reasoning is a difficult task that can be deciphered and made easier for students. Furthermore, in many books the description
of the disease is oversimplified, and the available evidence on the predictive value of symptoms, signs, and diagnostic test results is not included.
Teaching based on the classic presentation often fails to help less experienced physicians recognize the common, but atypical presentation.
This oversight, combined with a lack of knowledge of test characteristics, often leads to prematurely dismissing diagnoses.

Symptom to Diagnosis aims to help students and residents learn internal medicine and focuses on the challenging task of diagnosis.
Using the framework and terminology presented in Chapter 1, each chapter addresses one common complaint, such as chest pain. The
chapter begins with a case and an explanation of a way to frame, or organize, the differential diagnosis. As the case progresses, clinical rea-
soning is clearly articulated. The differential diagnosis for that particular case is summarized in tables that delineate the clinical clues and
important tests for the leading diagnostic hypothesis and important alternative diagnostic hypotheses. As the chapter progresses, the pertinent
diseases are reviewed. Just as in real life, the case unfolds in a stepwise fashion as tests are performed and diagnoses are confirmed or refuted.
Readers are continually engaged by a series of questions that direct the evaluation. Each chapter contains several cases and concludes with
a diagnostic algorithm.

Symptom to Diagnosis can be used in three ways. First, it is designed to be read in its entirety to guide the reader through a third-year medicine
clerkship. We used the Core Medicine Clerkship Curriculum Guide of the Society of General Internal Medicine/Clerkship Directors in
Internal Medicine to select the symptoms and diseases we included, and we are confident that the text does an excellent job teaching the
basics of internal medicine. Second, it is perfect for learning about a particular problem by studying an individual chapter. Focusing on one
chapter will provide the reader with a comprehensive approach to the problem being addressed: a framework for the differential diagnosis,
an opportunity to work through several interesting cases, and a review of pertinent diseases. Third, Symptom to Diagnosis is well suited to
reviewing specific diseases through the use of the index to identify information on a particular disorder of immediate interest.

Our approach to the discussion of a particular disease is different than most other texts. Not only is the information bulleted to make
it concise and readable, but the discussion of each disease is divided into 4 sections. The Zextbook Presentation, which serves as a concise
statement of the common, or classic, presentation of that particular disease, is the first part. The next section, Disease Highlights, reviews
the most pertinent epidemiologic and pathophysiologic information. The third part, Evidence-Based Diagnosis, reviews the accuracy of the
history, physical exam, laboratory and radiologic tests for that specific disease. Whenever possible, we have listed the sensitivities, specificities,
and likelihood ratios for these findings and test results. This section allows us to point out the findings that help to “rule in” or “rule out”
the various diseases. We often suggest a test of choice. It is this part of the book in particular that separates this text from many others. In
the final section, Treatment, we review the basics of therapy for the disease being considered. Recognizing that treatment evolves at a rapid
pace, we have chosen to limit our discussion to the fundamentals of therapy rather than details that would become quickly out of date.

The second edition differs from the previous edition in several ways. First, there are five new chapters—Hypertension, Diabetes, Rashes,
HIV/AIDS, and Screening and Health Maintenance—as well as 4 pages of full-color images of rashes. Second, there is more emphasis on
highlighting the pivotal points for each symptom that help to focus a broad differential diagnosis into one tailored to the individual patient.
Third, history and physical exam findings so highly specific that they point directly to a particular diagnosis are indicated with the following

“fingerprint” icon:
= fingerprint

Fourth, the diagnostic algorithms at the end of each chapter are more uniform. Finally, all chapters have been updated to reflect new
information on diagnostic testing.

For generations the approach to diagnosis has been learned through apprenticeship and intuition. Diseases have been described in detail,
but the approach to diagnosis has not been formalized. In Symptom to Diagnosis we feel we have succeeded in articulating this science and
art and, at the same time, made it interesting to read.

Scott D. C. Stern, MD
Adam S. Cifu, MD
Diane Altkorn, MD



This page intentionally left blank



Acknowledgments

We would like to thank Sarah Stein, MD, and John Luc Benoit, MD for their co-authorship of two chapters, Rashes and AIDS, respec-
tively. We would also like to thank the following subspecialty colleagues who helped us by reviewing chapters pertaining to their special-
ties and making suggestions about recent studies and subtleties of patient management. They definitely have had a positive impact on the
quality of the second edition: Morton Arnsdorf, Andrew Artz, John Asplin, Jean Luc Benoit, James Brorson, Ronald Cohen, Linda
Druelinger, Catherine Dubeau, Brian Gelbach, Ira Hanan, Philip Hoffman, Richard Kraig, John Lopez, Tipu Puri, Mary Strek, Helen Te,
Tammy Utset, and Steven Weber. We are grateful for the support of Harriet Lebowitz and James Shanahan at McGraw-Hill, who have
helped us throughout this process and believed in our vision. Thanks to Jennifer Bernstein for her meticulous copyediting. Finally, our
patients deserve special praise, for sharing their lives with us, trusting us, and forgiving us when our limited faculties err, as they inevitably
do. It is for them that we practice our art.

Scott Stern: I would like to thank a few of the many people who have contributed to this project either directly or indirectly. First I
would like to thank my wife Laura, whose untiring support throughout the last 32 years of our lives and during this project, made this
work possible. Other members of my family have also been very supportive including my children Michael, David and Elena; My parents
Suzanne Black and Robert Stern and grandmother, Elsie Clamage. Two mentors deserve special mention. David Sischy shared his tremen-
dous clinical wisdom and insights with me over 10 wonderful years that we worked together. David is the best diagnostician I have met
and taught me more about clinical medicine than anyone else in my career. I remain in his debt. I would also like to note my appreciation
to my late advisor, Dr. John Ultmann. Dr. Ultmann demonstrated the art of compassion in his dealings with patients on a day-to-day
basis on a busy hematology-oncology service in 1983.

Adam Cifu: Excellent mentors are hard to find. I have been fortunate to have found mentors throughout my life and career guided in
numerous and varied ways. My parents gave me every opportunity imaginable. Claude Wintner taught me the importance of organization,
dedication, and focus and gave me a model of a gifted educator. Olaf Andersen nurtured my interest in science and guided my entry into
medicine. Carol Bates showed me what it means to be a specialist in general medicine and a clinician educator. My family, Sarah, Ben, and
Amelia, always remind me of what is most important. Thank you.

Diane Altkorn: T want to thank the students and house officers at the University of Chicago for helping me to continually examine and
refine my thinking about clinical medicine and how to practice and teach it. I have been fortunate to have many wonderful mentors and
teachers. I particularly want to mention Dr. Steven MacBride, who first taught me clinical reasoning and influenced me to become a gen-
eral internist and clinician educator. As a resident and junior faculty member, I had the privilege of being part of Dr. Arthur Rubenstein’s
Department of Medicine at the University of Chicago. Dr. Rubenstein’s commitment to excellence in all aspects of medicine is a standard
to which I will always aspire. His kind encouragement and helpful advice have been invaluable in my professional development. Finally,
I want to thank my family. My parents have provided lifelong support and encouragement. My husband, Bob, is eternally patient, and sup-
portive of everything I do. And without my son, Danny, and my daughter, Emily, my life would be incomplete.

Xi



This page intentionally left blank



| have a patient with a problem.
How do | figure out the possible causes?

THE DIAGNOSTIC PROCESS

Constructing a differential diagnosis, choosing diagnostic tests,
and interpreting the results are key skills for all physicians and are
some of the primary new skills medical students begin to learn
during their third year. The diagnostic process, often called clini-
cal reasoning, is complex, but it can be broken down into a series
of steps, diagrammed in Figure 1-1.

Step 1: Data Acquisition

Data you acquire through your history and physical exam, some-
times accompanied by preliminary laboratory tests, form the basis
for your initial diagnostic reasoning. Your reasoning will be faulty
unless you start with accurate data, so the prerequisite for obtain-
ing valid data is well developed interviewing and physical exami-
nation skills.

Step 2: Accurate Problem Representation

This step consists of developing a “problem synthesis statement,”
a concise, single sentence summary of the main clinical problem
and its associated context.

Clinical problems are symptoms, physical findings, test
abnormalities, or health conditions for which diagnostic evalua-
tion could be undertaken. The problem synthesis statement is
meant to focus on the patient’s most important problem, usually
the chief complaint.

Context refers to pivotal points, generally one of a pair of
opposing descriptors used to compare and contrast diagnoses or
clinical characteristics; for example, old versus new headache, uni-
lateral versus bilateral edema, smoker versus nonsmoker. Extract-
ing pivotal points from the history and physical exam enables the
clinician to focus a broad differential diagnosis to a more limited
set of diagnoses pertinent to that particular patient. The prerequi-
site for being able to construct an accurate problem representation
is knowledge of the pivotal points for specific clinical problems.

Step 3: Develop a Complete, Framed
Differential Diagnosis

The process for developing a differential diagnosis will be dis-
cussed later in this chapter; subsequent chapters will present com-
prehensive, framed differential diagnoses specific for each problem
discussed.

Step 4: Prioritize the Differential Diagnosis

Not all diagnoses in a given differendal are equally likely, or
equally important. In order to effectively select diagnostic tests and
therapies, it is necessary to select a “leading hypothesis,” a “must
not miss” hypothesis, and other “active alternative hypotheses”
(see full discussion later). The prerequisites for this step are
knowledge of pivotal points; typical or “textbook” presentations of

disease; the variability of disease presentation; and which diseases are
life-threatening, very common, or easily treatable. It is also necessary to
know how to estimate pretest probability, and which history, physical,
or laboratory findings are so specific for a disease they are diagnostic;
in other words, such findings are “fingerprints” for the disecase.

Step 5:Test Your Hypothesis

Sometimes you are certain about the diagnosis based on the initial
data and proceed to treatment. Most of the time, however, you
require additional data to confirm your diagnostic hypotheses; in
other words, you need to order diagnostic tests. Whenever you do
so, you should understand how much the test will change the
probability the patient has the disease in question. The prerequi-
site for this step is knowing the sensitivity, specificity and likeli-
hood ratios (LRs) of the tests you have chosen, knowing how to
interpret these test characteristics, and understanding how to
determine posttest probability using pretest probabilities and LRs.

Step 6: Review and Reprioritize the
Differential Diagnosis

Remember, ruling out a disease is usually not enough; you must
also determine the cause of the patient’s symptom. For example,
you may have eliminated myocardial infarction (MI) as a cause of
chest pain, but you still need to determine whether the pain is due
to reflux or muscle strain, etc. Whenever you have not made a
diagnosis, or when you encounter data that conflict with your
original hypotheses, go back to the complete differential diagnosis
and reprioritize it, taking the new data into consideration. Failure
to carry out this step is one of the most common diagnostic errors
made by clinicians and is called “premature closure.”

Step 7: Test the New Hypotheses

Repeat the process until a diagnosis is reached.

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS
Step 1: Data Acquisition

PATIENT W

Mrs. S is a B&-year-old woman who comes to an urgent
care clinic complaining of painful swelling of her left calf
that has lasted for 2 days. She feels slightly feverish but
has no other symptoms such as chest pain, shortness of
breath, or abdominal pain. She has been completely
healthy except for mild osteoarthritis of her knees, with
no history of other medical problems, surgeries, or fractures.

(continued)
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Step 1: Data acquisition
Prerequisite: Solid history and physical exam skills

y

Step 2: Accurate problem representation
Prerequisite: Knowledge of pivotal points

y

Step 3: Develop a complete, framed
differential diagnosis

Prerequisite: Knowledge of differentials

y

Step 4: Prioritize the differential diagnosis

' ‘ '

4A: Select the leading . .
hypothesis 4B: Select must not miss 4C: S:I:f)ttzlet::;atwe
Prerequisite: Knowledge of hypotheses b ‘V‘t Keomtod f
pivotal points, typical (“textbook”) Prerequisite: Knowledge of life- rereqU|3|/ e: K Inotw et g; o
presentations, pretest probabilities, threatening diseases commor:j_ea3| y treatable
diagnostic “fingerprints” Iseases
]

l

A

Step 5: Test your hypotheses

Prerequisite: Knowledge of test
characteristics and diagnostic fingerprints

Diagnosis
confirmed?

Treat

6A: Select a new
leading hypothesis

Step 6: Review and reprioritize

differential diagnosis based on new data

6B: Select new
alternative hypotheses

y

Step 7: Test your new hypotheses

No

Diagnosis
confirmed?

Treat

Figure 1-1. The clinical reasoning process.



She takes no medications and had a normal pelvic exam
and Fap emear 1 month ago. Physical exam shows that
the circumference of her left calf is 3.5 cm greater than
her right calf, and there is 1+ pitting edema. The left calf
is uniformly red and very tender, and there is slight ten-
derness along the popliteal vein and medial left thigh.
There is a healing cut on her left foot. Her temperature is
37.7°C. The rest of her exam is hormal.

Step 2: Accurate Problem Representation

Focusing on the chief complaint and identifying pivotal points
obtained during data acquisition are key to constructing and pri-
oritizing a differential diagnosis. In this case, the patients chief
complaint is leg swelling, and the pivotal points are acute, unilat-
eral, and erythema. A problem synthesis statement for this patient
would be “The patient is a 58-year-old healthy woman with
acute, unilateral leg swelling and erythema.

How would you construct a differential diag-
‘ nosis for Mrs. S's problem, acute, unilateral
v

leg swelling with erythema?

Step 3: Develop a Complete, Framed
Differential Diagnosis

It might be possible to memorize long lists of causes, or differen-
tial diagnoses, for multiple specific problems. However, doing so
would not necessarily lead to a clinically useful organization of dif-
ferentials that facilitates clinical reasoning. Instead, it is preferable
to use some kind of framework to develop, organize, and remem-
ber differentials. There are several frameworks that can be useful.

A. An anatomic framework.

1. Works well for problems such as chest pain

2. Example list for chest pain: chest wall, pleura, lung
parenchyma, heart (blood supply, valves, muscle), esophagus

B. An organ/system framework.

1. This works well for symptoms with very broad differential
diagnoses, such as fatigue.

2. Start with broad categories, and then construct a list for
each category.

3. Example list for fatigue: endocrine (hypothyroidism,
adrenal insufficiency), psychiatric (depression, anxiety),
cardiovascular (ischemia, heart failure), pulmonary, GI,
infectious disease, etc.

C. A pathophysiologic framework.
D. Mnemonics.
E. Be flexible and combine frameworks to fit the problem.

\

An anatomic framework works well for Mrs. S’s unilateral
swollen and red leg (see Chapter 15 for the full differen-
tial diagnosis of peripheral edema). The pivotal points in
this case, the swelling being acute and unilateral, lead to
this portion of the edema differential:
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Skin: Stasis dermatitis

Soft tissue: Cellulitis

Calf veins: Distal deep venous thrombosis (DVT)
Knee: Ruptured Baker cyst

Thigh veins: Froximal DVT

Felvis: Mass causing lymphatic obstruction

MmO O W >

Step 4: Prioritize the Differential Diagnosis

There are 4 approaches to organizing and prioritizing the differ-
ential diagnosis for a given problem.

A. Possibilistic approach: Consider all known causes equally
likely and simultaneously test for all of them. This is not a
useful approach.

B. Probabilistic approach: Consider first those disorders that
are more likely; that is, those with the highest pretest proba-
bility. (Pretest probability is the probability that a disease is

present before further testing is done.)

C. Prognostic approach: Consider the most serious diagnoses
first.

D. Pragmatic approach: Consider the diagnoses most respon-
sive to treatment first.

Experienced physicians often simultaneously integrate proba-
bilistic, prognostic, and pragmatic approaches when constructing
a differential diagnosis and deciding how to choose tests (Table 1-1).
This thought process leads to selecting a leading hypothesis, must
not miss hypotheses, and other active alternative hypotheses (see
Figure 1-1).

If both the leading hypothesis and active alternatives are dis-
proved, it is extremely important to continue the diagnostic
process, prioritizing and testing for other hypotheses. Sometimes
the correct diagnosis seems unlikely initially, which is why review
and reprioritizing the differential diagnosis based on new data
(Step 06) is so crucial.

\

Mre. S has a constellation of symptoms and signs sup-
porting the diagnosis of cellulitis as the leading
hypothesie: fever; an entry site for infection on her
foot; and a red, tender, swollen leg. Even without risk
factors for DVT, either proximal or calf vein DVT are the
active alternatives, being both common and “must not
miss” diagnoses. Ruptured Baker cyst and a pelvic
mass would be other hypotheses to be looked for if cel-
lulitis and DVT are not present. Finally, stasis dermati-
tis is excluded in a patient without a history of chronic
leg swelling.

How certain are you that Mrs. S has celluli-

W tis? Should you treat her with antibiotics?

\ 4 How certain are you that she does not have
DVYT? Should you test for DVT?
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Table 1-1. Prioritizing the differential diagnosis.

Diagnostic Hypotheses Description

Implications for Choosing Tests

Leading hypothesis
(“working diagnosis”)

Single best overall explanation

Choose tests to confirm this disease (those with high
specificity and high LR+)

Active alternatives

Not as likely as the leading hypothesis, but serious,

Choose tests to exclude these diseases (those with high

(“rule outs”) treatable, or likely enough to be actively sensitivity and very low LR-)
sought in the patient (“most common”
and “must not miss” diagnoses)

Other hypotheses Not excluded, but not serious, treatable, Test for these only if the leading hypothesis and active
or likely enough to be tested for initially alternatives are disproved

Excluded hypotheses Disproved causes No further tests necessary

Source: Adapted from Richardson WS et al. How to use an article about disease probability for differential diagnosis. JAMA. 1999;281:1214-1219.

THE ROLE OF DIAGNOSTIC TESTING
Step 5:Test Your Hypotheses

| have a leading hypothesis and an active
‘ alternative—how do | know if | need to do a
W test or if | should start treatment?

Once you have generated a leading hypothesis, with or without
active alternatives, you need to decide whether you need further
information before proceeding to treatment or before excluding
the diagnosis. One way to think about this is in terms of certainty:
how certain are you that your hypothesis is correct, and how much
more certain do you need to be before starting treatment? Another
way to think about this is in terms of probability: is your pretest
probability of disease high enough or low enough that you do not
need any further information from a test?

Determine the Pretest Probability

There are 3 ways to determine the pretest probability of your lead-
ing diagnosis and your most important (usually most serious)
active alternatives: use a validated clinical decision rule (CDR),
use information about the prevalence of certain symptoms in a
given disease, and use your overall clinical impression.

A. Use a validated CDR

1. Investigators construct a list of potential predictors of the
outcome of interest, and then examine a group of patients
to determine if the predictors and outcome are present.

a. Logistic regression is then used to determine which pre-
dictors are most powerful and which can be omitted.

b. The model is then validated by applying it in other
patient populations.

c. To simplify use, the clinical predictors in the model are
often assigned point values, and different point totals
correspond to different pretest probabilities (see Box,
Validated Clinical Model for Determining Pretest
Probability of DVT).

2. CDRs are rarely available but are the most precise way of
estimating pretest probability.

3. Ifyou can find a validated CDR, you can come up with an
exact number (or a small range of numbers) for your

pretest probability.

B. Use information about the prevalence of certain symptoms in
a given disease.

1. For example, 73% of patients with pulmonary embolism
(PE) have dyspnea.

2. However, this does not tell you how many patients with
dyspnea have PE.

3. There is often a lot of information available about symp-
tom prevalence.

C. Use your overall clinical impression.

1. This is a combination of what you know about symptom
prevalence and disease prevalence, mixed with your clinical
experience, and the ever elusive attribute, “clinical judgment.”

2. This is just as imprecise as it sounds, and it has been
shown that physicians are disproportionately influenced
by their most recent clinical experience.

3. Nevertheless, it has also been shown that the overall clini-
cal impression of experienced clinicians has significant
predictive value.

4. Clinicians generally categorize pretest probability as low,
moderate, or high.

a. This rather vague categorization is still helpful.
b. Do not get distracted thinking a number is necessary.

Consider the Potential Harms

Consider the potential harms of both a missed diagnosis and the
treatment.

A. Itis very harmful to miss certain diagnoses, such as MI or PE,
while it is not so harmful to miss others, such as mild carpal
tunnel syndrome. You need to be very certain that harmful
diagnoses are not present (that is, have a very low pretest
probability), before excluding them without testing.

B. Some treatments, such as thrombolytics, are more harmful than
others, such as oral antibiotics; you need to be very certain that
potentially harmful treatments are needed (that is, the pretest
probability is very high) before prescribing them without testing.



THE THRESHOLD MODEL: CONCEPTUALIZING
PROBABILITIES

The ends of the bar in the threshold model represent 0% and
100% pretest probability. The treatment threshold is the probability
above which the diagnosis is so likely you would treat the patient
without further testing. The test threshold is the probability
below which the diagnosis is so unlikely it is excluded without fur-
ther testing (Figure 1-2).

For example, consider Ms. A, a 19-year-old woman, who com-
plains of 30 seconds of sharp right-sided chest pain after lifting a
heavy box. The pretest probability of cardiac ischemia is so low
that no further testing is necessary (Figure 1-3).

Now consider Mr. B, a 60-year-old man who smokes and has
diabetes, hypertension, and 15 minutes of crushing substernal
chest pain accompanied by nausea and diaphoresis, with an ECG
showing ST-segment elevations in the anterior leads. The pretest
probability of an acute MI is so high you would treat without fur-
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Diagnostic tests are necessary when the pretest probability of dis-
ease is in the middle, above the test threshold and below the treat-
ment threshold. A really useful test shifts the probability of disease
so much that the posttest probability (the probability of disease
after the test is done) crosses one of the thresholds (Figure 1-5).

\

You are unable to find much information about estimat-
ing the pretest probability of cellulitis. You consider the
potential riek of starting antibiotics to be low, and your
overall clinical impression is that the pretest probability
of cellulitis is high enough to cross the treatment
threshold, so you start antibiotice.

You consider the pretest probability of DVT to be low,
but not so low you can exclude it without testing. You are

0%

. . . continued
ther testing, such as cardiac enzymes (Figure 1-4). ( )
0% 100%
\j A

Test threshold Treatment

threshold

Figure 1-2. The threshold model.
100%
* %
\
\j \
Test threshold Treatment
threshold
Pretest probability of Ms. A
Figure 1-3. Ms. A's threshold model.
0% 100%
* %
\
\J \j
Test threshold Treatment
threshold

Figure 1-4. Mr.B's threshold model.

Mr. B’s pretest probability

0% 100%
Posttest Negative test Pretest Positive test _ Posttest
probability probability " probability

Y Y
Test threshold Treatment
threshold

Figure 1-5. The role of diagnostic testing.
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Figure 1-6. A perfect diagnostic test.

able to find a clinical decision rule that helps you quan-
tify the pretest probability, and calculate that her
pretest probability is 17% (eee Box, Validated Clinical
Model for Determining Pretest Probability of DVT).

You have read that duplex ultrasonography is
V the best noninvasive test for DYT. How good
Vv is it? Will a negative test rule out DVT?

UNDERSTANDING TEST RESULTS

How do | know whether a test is really useful—
V’ whether it will really shift the probability of

disease across a threshold?

A perfect diagnostic test would always be positive in patients with
the disease and would always be negative in patients without the
disease (Figure 1-6). Since there are no perfect diagnostic tests,
some patients with the disease have negative tests (false-negatives
{EN}), and some without the disease have positive tests (false-
positives) (Figure 1-7).

The test characteristics help you to know how often false
results occur. They are determined by performing the test in
patients known to have or not have the disease, and recording the
distribution of results (Table 1-2).

Table 1-3 shows the test characteristics of duplex ultrasonog-
raphy for the diagnosis of proximal DVT, based on a hypothetical
group of 200 patients, 90 of whom have DVT.

Without

/TN\ X FP \
disease
With

disease

Negative Positive

Test result

Figure 1-7. A pictorial representation of test characteristics.

Table 1-2. Test characteristics.

Disease Present Disease Absent

Test positive True-positives False-positives

Test negative False-negatives True-negatives

The sensitivity is the percentage of patients with DVT who
have a true-positive (TP) test result:

Sensitivity = TP/total number of patients with DVT
=86/90 = 0.96 = 96%

Since tests with very high sensitivity have a very low percent-
age of false-negative results (in Table 1-3, 4/90 = 0.04 = 4%), a
negative result is likely a true negative.

The specificity is the percentage of patients without DVT who
have a true-negative (TN) test result:

Specificity = TN/total number of patients without DVT
=108/110 = 0.98 = 98%

Since tests with very high specificity have a low percentage of
false-positive results (in Table 1-3, 2/110 = 0.02 = 2%), a positive
result is likely a true positive.

The sensitivity and specificity are important attributes of a test,
but they do not tell you whether the test result will change your
pretest probability enough to move beyond the test or treatment
thresholds, because the shift in probability depends on the interac-
tions between sensitivity, specificity, and pretest probability. The
likelihood ratio (LR), the likelihood that a given test result would
occur in a patient with the disease compared with the likelihood
that the same result would not occur in a patient without the dis-
ease, enables you to calculate how much the probability will shift.

The LR+ tells you how likely it is that a result is a true-positive
(TP), rather than a false-positive (FP):

_ _TP/total with DVT __ %TP _ sensitivity _ 0.96 _ 4
FP/total without DVT ~ %FP  1-specificity 0.02

LR+ should be significantly above 1, indicating that a true-posi-
tive is much more likely than a false-positive, pushing you across the
treatment threshold. An LR+ > 10 causes a large shift in disease prob-
ability; in general, tests with LR+ > 10 are very useful for ruling in dis-
ease. An LR+ between 5 and 10 causes a moderate shift in probability,

Table 1-3. Results for calculating the test characteristics
of duplex ultrasonography.

Proximal DVT
Present

Proximal DVT
Absent

Abnormal duplex US TP = 86 patients FP = 2 patients

Normal duplex US FN = 4 patients TN = 108 patients

Total number of
patients without
DVT =110

Total number
of patients with
DVT =90

US, ultrasound; TP, true-positive; FP, false-positive; FN, false-negative; TN,
true-negative.
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Figure 1-8. Incorporating likelihood ratios (LRs) into the threshold model.

and tests with these LRs are somewhat useful. “Fingerprints,” findings
that rule in a disease, have very high positive LRs.

The negative LR (LR~) tells you how likely it is that a result is
a false-negative (FN), rather than a true-negative (TN):

_ _FN/total with DVT _ %FN _ 1-sensitivity _ 0.04

_ - = = = =0.04
TN/total without DVT %TN  specificity 0.98
0.1 T 99
0.2 4 o8
05T {95
2000
1+ 1000 T 4 90
500
2+ 41
200 480
100 |+

98 + +0.2

99 - -~ 0.1
Pretest Likelihood Posttest
probability (%) ratio probability (%)

Figure 1-9. Likelihood ratio nomogram. Find the patient’s pretest
probability on the left, and then draw a line through the likelihood
ratio of the test to find the patient’s posttest probability.

LR~ should be significantly less than 1, indicating that a
false-negative is much less likely than a true-negative, pushing you
below the test threshold. An LR— less than 0.1 causes a large shift
in disease probability; in general, tests with LR— less than 0.1 are
very useful for ruling out disease. An LR— between 0.1 and 0.5
causes a moderate shift in probability, and tests with these LRs are
somewhat useful.

The closer the LR is to 1, the less useful the test; tests with an
LR = 1 do not change probability at all and are useless.

The following threshold model incorporates LRs and illustrates
how tests can change disease probability (Figure 1-8).

When you have a specific pretest probability, you can use the
LR to calculate an exact posttest probability (see Box, Calculating
an Exact Posttest Probability and Figure 1-9, Likelihood Ratio
Nomogram). Table 1-4 shows some examples of how much LRs
of different magnitudes change the pretest probability.

If you are using descriptive pretest probability terms such as
low, moderate, and high, you can use LRs as follows:

A. A test with an LR— of 0.1 or less will rule out a disease of low
or moderate pretest probability.

B. A test with an LR+ of 10 or greater will rule in a disease of
moderate or high probability.

C. Beware if the test result is the opposite of what you
expected!

1. If your pretest probability is high, a negative test rarely
rules out the disease, no matter what the LR— is.

2. If you pretest probability is low, a positive test rarely rules
in the disease, no matter what the LR+ is.

3. In these situations, you need to perform another test.

\

Mrs. S has a normal duplex ultrasound scan. Since your
pretest probability was moderate and the LR—is < O.1,
proximal DVT has been ruled out. Since duplex ultrasound
is less sensitive for distal than for proximal DVT, clinical
follow-up is particularly important. Some clinicians
repeat the duplex ultrasound after 1 week to confirm the
absence of DVT, and some clinicians order a D-dimer
assay. When she returns for reexamination after 2 days,
her leg looks much better, with minimal erythema, no
edema, and no tendernese. The clinical response confirms
your diagnosis of cellulitis, and no further diagnostic
testing is necessary. (See Box, Does every patient in
whom DVT is being considered need an ultrasound? When
should a D-Dimer be ordered?)
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Table 1-4. Calculating posttest probabilities using likelihood ratios (LRs) and pretest probabilities.

Pretest Pretest Pretest Pretest Pretest Pretest
Probability Probability Probability Probability Probability Probability

=5% =10% =20% =30% =50% =70%

LR=10 34% 53% 71% 81% 91% 96%
LR=3 14% 25% 43% 56% 75% 88%
LR=1 5% 10% 20% 30% 50% 70%
LR=0.3 1.5% 3.2% 7% 11% 23% 41%
LR=0.1 0.5% 1% 2.5% 4% 9% 19%

VALIDATED CLINICAL DECISION RULE
FOR DETERMINING PRETEST PROBABILITY

OF DVT
Symptoms or Findings Score
Active cancer +1
Paralysis, paresis, or recent +1
casting of lower extremity
Recently bedridden > 3 days, +1
major surgery within weeks
Localized tenderness along +1
deep venous system
Swelling of entire leg +1
Calf swelling > 3 cm compared +1

with asymptomatic leg

Pitting edema greater in +1
symptomatic leg

Nonvaricose collateral superficial veins +1
Previously documented DVT +1

Alternative diagnosis as likely
or greater than DVT -2

Key:

Score 3 or more = high probability = prevalence 53%.
Score 1 or 2 = moderate probability = prevalence 17%.
Score 0 or less = low probability = prevalence 5%.

Mrs. S has the likely alternative diagno-
sis of cellulitis (=2), asymmetric calf
swelling (+1) and edema (+1), and slight
tenderness along the deep venous sys-
tem (+1), for a total score of 1, sug-
gesting her pretest probability is 17%.

CALCULATING AN EXACT POSTTEST

PROBABILITY

A.

C.

Step 1
1. Convert pretest probability to
pretest odds.

2. Pretest odds = pretest probability/

(1 — pretest probability).

Step 2

1. Multiply pretest odds by the LR to
get the posttest odds.

2. Posttest odds = pretest odds x LR.

Step 3

1. Convert posttest odds to posttest
probability.

2. Posttest probability = posttest odds/
(1 + posttest odds).

For Mrs. S, the pretest probability of
DVT was 17%, and the LR— for duplex
ultrasound was 0.04.

A.

Step 1. pretest odds = pretest
probability/(1 — pretest probability)
=0.17/(1-0.17) = 0.17/0.63 = 0.2
Step 2: posttest odds = pretest
odds X LR = 0.2 X 0.04 = 0.00&

Step 3: posttest probability =
posttest odds/(1 + posttest odds)
= 0.006/(1 + 0.00&) = 0.008/
1.008 = 0.008&

S0 Mrs. S's posttest probability of
proximal DVT is 0.5%.

For mathematical reasons, it is not possible to
just multiply the pretest probability by the LR to
calculate the posttest probability. Instead, it is
necessary to convert to odds and then back to
probability.




DOES EVERY PATIENT IN WHOM DVT
IS BEING CONSIDERED NEED AN
ULTRASOUND? WHEN SHOULD A
D-DIMER BE ORDERED?

D-dimer, a fibrin degradation product, is elevated
in acute venous thromboembolism and non-
thrombotic conditions such as recent major sur-
gery,hemorrhage, trauma, pregnancy, and cancer.
D-dimer levels are nonspecific and cannot be
used to diagnose DVT.However, very low D-dimer
levels can significantly lower the probability the
patient has a DVT. High sensitivity ELISA D-dimer
assays have an LR- of 0.06-0.10. Moderate sensi-
tivity whole blood or latex agglutination D-dimer
assays have an LR- of about 0.20.

A. You need to know what kind of D-dimer
assay your lab uses.

B. In patients with a low pretest probabil-
ity based on the clinical decision rule
(CDR), a negative D-dimer assay,
regardless of type, rules out DVT.

C. In patients with moderate pretest
probability based on the CDR, a nega-
tive high sensitivity D-dimer can rule
out DVT; a moderate sensitivity D-dimer
does not have a sufficiently low LR-
and should not be used in patients
with moderate pretest probability.

D. All patients with high pretest proba-
bilities, and some with moderate
pretest probabilities, should have
duplex ultrasound testing instead of
D-dimer tests.

E. All patients with positive D-dimer tests
need further testing, most often a
duplex ultrasound.

DIAGNOSTIC PROCESS 1 9
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| have a healthy patient. How do | determine
which screening tests to order?

PATIENT W

Mr. S is a healthy 45-year-old white man who wants to be
“checked for everything.”

How do you know when it is worthwhile to

V screen for a disease? Where do you find

\ 4 information on screening guidelines? How do
you interpret screening guidelines?

How do you know when it is worthwhile to
‘ V" screen for a disease?
\ 4

It seems intuitive that it is best to prevent a disease from occurring
at all and next best to diagnose and treat it early. However, there
are risks and benefits to every intervention, and it is especially
important to make sure an intervention is not going to harm a
healthy individual. This chapter focuses on understanding the rea-
soning behind current screening practices.

A. Screening can be used to identify an unrecognized disease or
risk factor in a seemingly well person.
B. Screening can be accomplished by collecting a thorough history,
performing a physical examination, or obtaining laboratory tests.
C. Examples of screening include mammography and cholesterol
testing.
1. Mammography can detect unrecognized, asymptomatic
breast cancer.
2. Cholesterol testing can be used
a. To identify high-risk individuals who do not yet

have coronary disease (called primary prevention by
clinicians).

b. To prevent complications in patients with known coro-
nary disease (called secondary prevention by clinicians;
not actually screening).

D. The following criteria are helpful in determining whether
screening for a disease is worthwhile:

1. The burden of disease must be sufficient to warrant screening.

a. Screen only for conditions that cause severe disease,
disability, or death.

b. Consider prevalence of target disease and ability to
identify high-risk group since the yield of screening is
higher in high-risk groups.

2. The test used for screening must be of high quality.

a. Screening tests should accurately detect the target dis-
ease when it is asymptomatic.

b. Screening tests should have high sensitivity and specificity.
c. Test results should be reproducible in a variety of settings.
d. Screening tests must be safe and acceptable to patients.

e. Ideally, screening tests should be simple and shown to
be cost-effective.

. There should be evidence that screening reduces morbid-

ity or mortality.
a. There must be effective treatment for the target disease.

b. Early detection followed by treatment must improve
survival compared with detection and treatment at the
usual time of presentation; in other words, people in
whom the condition was diagnosed by screening
should have better health outcomes than those in
whom the condition was diagnosed clinically.

c. The benefits of screening must outweigh any adverse effects
of the screening test, treatment, or impact of early diagnosis.

d. Ideally, benefits and harms are evaluated through a ran-
domized trial of screening (Figure 2-1).

(1) The best outcome to measure is either all-cause
mortality or disease-specific mortality, such as
breast cancer or prostate cancer mortality.

(2) Outcomes such as cancer stage distribution (ie,
whether there are more or fewer early-stage cancers
found) and length of survival after diagnosis can be

misleading because of lead time and length time biases.

(a) Lead time bias: If early treatment is not more
effective than later treatment, the duration of
time the individual lives with the disease is
longer, but the mortality rate is the same
(Figure 2-2).

(b) Length time bias: Cancers that progress rap-
idly from onset to symptoms are less likely to
be detected by screening than slow-growing
cancers, so that screening tends to identify a
more treatment-responsive subgroup.

e. Often must make decisions based on less direct evi-
dence, such as cohort or case-control studies.

guidelines?

‘ Where do you find information on screening

Because of the complexity and rapid evolution of the evidence
underlying screening recommendations, most physicians rely
on published guidelines to inform them about screening deci-
sions. Guidelines are developed and updated by a variety of



Randomize
healthy subjects

l

' 1

Screening test performed No screening performed
Y \
Treat early Treat disease at time
disease found of clinical presentation
by screening test
Y \

Measure disease specific Measure disease specific
and total mortality rates and total mortality rates

Figure 2-1. Design for a randomized trial of screening.

organizations. It is important to be familiar with different
sources of guidelines and to understand how to access the most
recent versions of guidelines.

A. The US Preventive Services Task Force (USPSTEF)
1. Web site: hetp://www.ahrq.gov/clinic/uspstfix.htm

2. An independent panel of 16 experts in primary care and
prevention, now under the aegis of the Agency for Health-
care Research and Quality (AHRQ)

3. Supported by outside experts and several evidence-based
practice centers, university centers that help identify high-
priority topics, produce systematic reviews, and draft
guidelines.

4. USPSTF guidelines often form the basis of clinical guide-
lines developed by professional societies.

5. Highly evidence-based recommendations on when and
how to screen
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B. The National Guideline Clearinghouse (NGC)

1.
2.

3.

4.

2.

Web site: htep://www.guideline.gov/

A public resource for evidence-based clinical practice
guidelines

Sponsored by the AHRQ and US Department of Health
and Human Services in partnership with the American

Medical Association and America’s Health Insurance Plans
(AHIP)

A way to access and compare a variety of guidelines,
including those written by USPSTE professional societies,
and other private organizations

Canadian Task Force on Preventive Health Care
1.
2.
Professional/specialty societies
1.

Web site: http://www.ctfphc.org/
Canadian equivalent of the USPSTF

Often do their own independent reviews and issue their
own guidelines regarding relevant diseases

Specific guidelines generally available through the society
Web site or the NGC

. Examples include

a. Specialty societies (eg, American College of Physicians
[internal medicine], American College of Obstetrics
and Gynecology, American College of Surgery)

b. Subspecialty societies (eg, American Thoracic Society,
American College of Rheumatology, American Urologic
Association, American Gastroenterological Association,

American College of Cardiology)

c. Others (eg, American Cancer Society, American Dia-
betes Association, National Osteoporosis Foundation,
American Heart Association)

‘ How do you interpret screening guidelines?

Early Usual
Onset diagnosis diagnosis Death
. » X > XX
Unscreened patient >
Screened patient, ° > X > XX

early treatment not effective

Screened patient, ° X
early treatment effective

>

V7

——» = length of survival before diagnosis

——— > =length of survival after diagnosis
=] = total survival time

Figure 2-2. Lead time bias. (The total survival times for the unscreened patient and the screened patient in
whom early treatment is not effective are the same.The total survival time for the screened patient in whom early

treatment is effective is lengthened.)


http://www.guideline.gov/
http://www.ctfphc.org/
http://www.ahrq.gov/clinic/uspstfix.htm
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The USPSTF has developed a standardized system and vocabulary
for evaluating the quality of the evidence addressing screening
questions and for grading recommendations. The recommendation
grade is based on a combination of the quality of the underlying
evidence and an assessment of the size of the benefit. This general
approach is often adopted by other organizations that make screen-
ing recommendations.

A. USPSTF levels of certainty regarding net benefit

1. High: Consistent results from well-designed studies in repre-
sentative primary care populations that assess the effects of
the preventive service on health outcomes; it is unlikely that
these conclusions will change based on future studies.

2. Moderate: Evidence sufficient to determine the effects of
the preventive service on health outcomes, but method-
ological issues such as limited generalizability, inconsistent
findings, or inadequate size or number of studies exist;
these conclusions could change based on future studies.

3. Low: Insufficient evidence to assess effects on health out-
comes, due to limited number or size of studies, flaws in study
designs, inconsistency of findings, lack of generalizability.

B. Grades of recommendations

1. A: The USPSTF recommends this service. There is high
certainty that the net benefit is substantial.

2. B: The USPSTF recommends this service. There is high cer-
tainty that the net benefit is moderate or there is moderate
certainty that the net benefit is moderate to substantial.

3. C: The USPSTF recommends against routinely providing
the service. There may be considerations that support pro-
viding the service in an individual patient. There is mod-
erate or high certainty that the net benefit is small.

4. D: The USPSTF recommends against the service. There is
moderate or high certainty that the service has no net ben-
efit or that the harms outweigh the benefits.

5. I statement: The USPSTF concludes that the current evi-
dence is insufficient to assess the balance of benefits and
harms of the service. Evidence is lacking, of poor quality,
or conflicting, and the balance of benefits and harms can-
not be determined.

\

Mr. S feels fine and has no medical history. He takes no
medications, does not smoke currently, and drinks occa-
sionally; however, he did smoke occasionally in college, and
he estimates he smoked a total of 2-3 packs of ciga-
rettes over 4 years. He exercises regularly by cycling
50-100 miles/week. His family history is notable for high
cholesterol, hypertension, and a CVA in his father; his
mother was diagnosed with colon cancer at age 54. His
physical exam shows a BF of 120/80 mm Hg and pulse of
56 bpm. His body mass index (BMI) is 22 kg/m?. HEENT,
neck, cardiac, pulmonary, abdominal, and extremity
exams are normal. He refuses a rectal exam. Mr. S shows
you a list of tests he wants done, derived from research
he has done on the Internet: lipid panel, prostate specific
antigen (PSA), chest radiograph, and fecal occult blood
test. In addition, he shows you a letter from a company
offering “vascular screening” with ultrasounds of the
carotids and aorta and wants to know if he should have
those tests done.

Should Mr. S be screened for prostate can-
V cer with a PSA?
’

A. What is the burden of disease?

1.

2.

218,890 new diagnoses of prostate cancer in 2007, with
27,350 deaths in 2006

Second leading cause of cancer death in men in the United
States

Many more men are diagnosed with prostate cancer (life-
time risk about 1 in 6) than die of it (lifetime risk about
1 in 29).

B. Is it possible to identify a high-risk group that might espe-
cially benefit from screening?

1.

2.

Older age (200 cases/100,000 white men aged 50-59
compared with 900/100,000 men older than 70 years)

African American race

a. Higher prostate cancer incidence than white men:
217.5 vs 134.5 cases per 100,000

b. Higher prostate cancer mortality than white men: 56.1
vs 23.4 deaths per 100,000

. Family history: RR of about 2 for men with a first-degree

relative with prostate cancer; RR about 5 if 2 first-degree
relatives affected

C. What is the quality of the screening test?

1.

2.

Digital rectal exam (DRE)

a. Sensitivity 59%

b. Specificity unknown, but possibly as high as 94%;
reproducibility poor

c. Positive predictive value: 5-30%

d. Neither sensitive nor specific enough to be used as a
screening test, although may add to cancer detection
when combined with PSA

PSA

a. ForaPSA 2> 4.0 ng/mlL, sensitivity 68-80%, specificity
60-70%

b. Dositive predictive values vary with PSA level
(1) For a PSA of 4-10 ng/mL, the PPV is about 25%
(2) ForaPSA > 10 ng/mlL, the PPV is 42-64%

c. Prostate cancer is found in some men even with very
low PSA levels.

(1) PSA<0.5 ng/mL: cancer in 6.6% of men, 12% of
which was high grade
(2) PSA 0.6-1.0 ng/mL: cancer in 10%
(3) PSA 1.1-2.0 ng/mL: cancer in 17%
(4) PSA 2.1-3.0 ng/mL: cancer in 24%, 19% of
which was high grade
d. PSA velocity (rate of change in PSA), PSA density (PSA

per volume of prostate tissue measured on transrectal
ultrasound or MRI), and free PSA (ratio of unbound to
total PSA) are purported to increase PSA accuracy, but
data are insufficient to recommend their use.

D. Does screening reduce morbidity or mortality?



. Two randomized controlled trials of PSA screening
recently published

. Both found lower grade cancers in screened group
. PLCO trial of 76,693 American men aged 55-74 years

a. Annual PSA for 6 years and DRE for 4 years; 97% follow
up at 7 years, 67% at 10 years

b. 50% of control group screened outside of trial

c. Increased frequency of diagnosis, but no difference in
prostate cancer mortality

. European trial of 182,000 men aged 5074 years
a. PSA every 4 years; median follow up 9 years
b. RR of prostate cancer death in screened group = 0.8
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You also explain that there is some evidence that radical
prostatectomy for prostate cancer not diagnosed by
screening does save lives and reduces the development of
metastatic disease, with about 6% fewer deaths from
prostate cancer, at the cost of one-third more men hav-
ing urinary or sexual problems. Finally, you point out that
none of the expert guidelines recommend beginning PSA
testing before age 5O in white men without an affected
first-degree relative.

Should Mr. S be screened for colorectal can-
‘ cer with fecal occult blood testing?

(95% CI, 0.67-0.98)

c. To prevent 1 prostate cancer death, would need to screen

1400; 224 would have a positive screen and need a biopsy A. What is the burden of disease?

(1) 48 would need to be treated 1. Third most common cancer in the United States and sec-

(2) 7 would develop impotence, 3 incontinence ond leading cause of death from cancer

E. What are the current guidelines? 2. About 148,000 diagnoses anticipated in 2008, with about

1. USPSTF (2008) 49,000 deaths .
i is i i : 3. 80-95% of colorectal cancers arise from adenomatous
a. Evidence is insufficient to recommend for or against polyps

routine screening for prostate cancer in men younger
than 75 using PSA or DRE.

(1) Grade I recommendation

(2) The balance of benefits and harms cannot be
determined

a. 10% of polyps > 1 cm become malignant in 10 years;
25% do so after 20 years

b. Adenomas found in 40% of adults by age 60

c. Advanced adenomas, defined as those =2 10 mm or hav-
ing high-grade dysplasia or a villous component, are

b. Recommends against screening for prostate cancer in > . .
8 & P the most likely to develop into carcinoma.

men > 75 year of age . . S T .
B. Is it possible to identify a high-risk group that might espe-

(1) Grade D recommendation cially benefit from screening? (Tables 2—1 and 2-2)

(2) Moderate certainty that the harms outweigh the

1. 20% of colorectal cancers occur in patients with specific
benefits

risk factors.
2. American Cancer Society (2008)

a. DRE and PSA should be offered annually, beginning

at age 50, to men who have a life expectancy of at least

10 years. b

a. History in a first-degree relative of either colorectal
cancer or adenomatous polyps, especially if diagnosed
before age 60

. Personal history of adenomatous polyps

b. High-risk men (African American and those with a

positive family history of prostate cancer in a first-
degree relative diagnosed before age 65) should begin
testing at age 45.

c. Long-standing ulcerative colitis

2. 6% occur in patients with rare genetic syndromes, such as
familial polyposis or hereditary nonpolyposis colorectal

c. Should discuss risks and benefits before testing, and men cancer (HNPCC). ) ) )
who ask the doctor to make the decision should be tested. a. Colorectal cancer develops in 80% of patients with
HNPCC by age 50 years

3. American Urological Association (2009)
a. Men age 40 or older with a life expectancy of 10 or more
years should be regularly screened with DRE and PSA.

b. The decision to screen should be individualized, accom-

panied by a complete discussion of risks and benefits. . . . . .
Table 2-1. Questions that help identify patients at high

risk for colorectal cancer.

; Has the patient had colorectal cancer or an adenomatous polyp?

You explain to Mr. S that there are important unresolved
iseues with regard to PSA screening for prostate cancer:
whether early detection through screening actually saves
lives, that 75% of men with PSA levels of 4-10 ng/mL do
not have cancer but need to have biopsies, and that the
treatment for prostate cancer can have significant side
effects such as incontinence and erectile dysfunction.

Does the patient have an illness, such as inflammatory bowel disease,
that increases the risk of colorectal cancer?

Has a family member been diagnosed with colorectal cancer or an
adenomatous polyp?

Was it a first-degree relative (parent, sibling, or child)?

At what age was the cancer or polyp first diagnosed?

How many first-degree relatives have been diagnosed?
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b.

C.

Table 2-2. Magnitude of risk for colorectal cancer.

Approximate Lifetime Risk

Risk Factor of Colorectal Cancer

None 6%

One first-degree relative with colon cancer RR2-3

Two first-degree relatives with colon cancer RR 3-4
First-degree relative aged < 50 at cancer diagnosis RR 3-4

One second- or third-degree relative with colon cancer RR 1.5

Two second-degree relatives with colon cancer RR 2-3

One first-degree relative > age 60 with an adenoma RR1.8

One first-degree relative < age 60 with an adenoma RR 2.6

The mutation associated with HNPCC also increases
the risk of cancer of the uterus, ovaries, ureter, renal
pelvis, stomach, small bowel, and bile duct

Familial polyposis patients have diffuse colonic polyps

at an early age, and colorectal cancer will develop with-
out intervention.

3. The remaining colorectal cancers occur sporadically.

C. What is the quality of the screening test?
1. Fecal occult blood testing (FOBT)

a.

b.

Two distinct samples of 3 different stools are applied to
6 test card panels.

If Hgb is present, a blue color appears when hydrogen
peroxide is added.

. False-negative tests can occur if the patient has ingested

> 250 mg of vitamin C, and false-positive tests occur
with use of nonsteroidal antiinflammatory drugs
(NSAIDs) and ingestion of red meat.

. “Low sensitivity” tests, such as Hemoccult II have a

sensitivity of 37% and specificity of 98%.

. “High sensitivity” tests, such as Hemoccult SENSA,

have a sensitivity of 79% and specificity of 87%.

. Annual screening detected 49% of cancers; biannual

screening detected 27-39% of cancers.

. A single panel test after a DRE has a sensitivity of 9%

and should never be considered an adequate screening
test for colorectal cancer.

2. Flexible sigmoidoscopy

a.

b.

Only 20-30% of proximal cancers are associated with
a distal adenoma.

However, sigmoidoscopy has been found to identify
70-80% of patients with significant findings in the colon,
assuming finding a polyp triggers a full colonoscopy.

Detects 7 cancers and about 60 large (> 1 cm) polyps/
1000 examinations

. Bowel perforation rate 4.6/100,000 examinations

. Serious complication rate (deaths or events requiring

hospital admission) 3.4/10,000 procedures

3. Combined FOBT and sigmoidoscopy

a.

7 additional cancers/1000 examinations compared
with sigmoidoscopy alone

b.

Did not improve yield at initial screening exam

4. Colonoscopy

a.

Miss rate of 5% for cancers, 6% for adenomas > 1 cm,
13% for adenomas 6-9 mm, and 27% for those
< 5 mm (based on study of tandem colonoscopies by
2 examiners)

. Complication rates

(1) Bowel perforation rate 3.8/10,000 procedures
(2) Bleeding rate 12.3/10,000 procedures

(3) Serious complication rate (deaths or events requir-
ing hospital admission) 25/10,000 procedures

5. Double-contrast barium enema

a.
b.

C.

Sensitivity = 48%
Specificity = 85%
Perforation rate = 1/25,000

6. CT colonography (CTC) (virtual colonoscopy)

a.

b

C.

d

€.

™

CT scanning with 2D and 3D image display
Requires same bowel preparation as colonoscopy

A small rectal catheter is inserted for air insufflation,
but no sedation is required

Sensitivity for cancer = 96%

Sensitivity for polyps =2 10 mm = 85-93%, with speci-
ficity 97%

Sensitivity for polyps 6-9 mm = 70-86%, with speci-
ficity 86-93%

7. Summary of relative test characteristics, as assessed by the

USPSTF
a. Sensitivity: Hemocccult II < fecal DNA testing < Hemo-

b.

ccult SENSA = flexible sigmoidoscopy < colonoscopy

Specificity: Hemoccult SENSA < fecal DNA testing =
Hemoccult I < flexible sigmoidoscopy = colonoscopy

D. Does screening reduce morbidity or mortality?

1. FOBT

a.

b.

C.

3 large randomized trials show reduced colorectal can-
cer mortality.

Relative RR of colorectal cancer death: 15-33%

NNS = 217 for annual screening, 344—1250 for bien-
nial screening



2. Flexible sigmoidoscopy

a. Current recommendations are based on several well-
done case-control studies.

b. Relative RR of colorectal cancer death = 59%

3. Combinations FOBT and sigmoidoscopy

a. No studies of FOBT and flexible sigmoidoscopy

b. 1 nonrandomized controlled trial of FOBT and rigid
sigmoidoscopy found the combination detected more
cancers than sigmoidoscopy alone, but the mortality
benefit did not reach significance (36 deaths/1000/year
in the combination group compared with 63 in the sig-
moidoscopy alone group, P=0.11)

. Colonoscopy
a. No randomized trial data

b. 1 case-control study showed lower incidence of colon
cancer (OR = 0.47) and lower colorectal cancer mor-

tality (OR = 0.43).

c. A 2009 case control study found a reduction in death
for colorectal cancers in the left colon (OR = 0.33) but
not the right colon (OR = 0.99)

d. Generally assumed that the mortality reductions seen
in the FOBT trials is actually due to the follow-up
colonoscopies.

. Double-contrast barium enema: no outcome data
available

. CTC

a. No randomized trial data available

b. 1 nonrandomized study showed that rates of detection
of advanced adenomas + cancers were similar in
patients screened with CTC (3.2%) compared with
conventional colonoscopy (3.4%)

. Potential harms of screening include the complication
rates noted previously, complications of sedation used for
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3. American Gastroenterological Association (2003)

a. Average risk screening: same as American Cancer Society
b. High risk screening

(1) Colorectal cancer or adenomatous polyps in any
first-degree relative before age 60 or in > 2 first-
degree relatives at any age: colonoscopy at age 40 or
at age equivalent to 10 years younger than the rela-
tive at the time of diagnosis; repeat colonoscopy
every 5 years

(2) Colorectal cancer or adenomatous polyps in any first-
degree relative after age 60, or 2 second-degree
relatives with colorectal cancer: follow average-risk
screening guidelines but begin at age 40

c. Surveillance after polypectomy
(1) Hyperplastic polyps: repeat colonoscopy in 10 years

(2) 1-2 low-risk adenomas (tubular adenomas < 10 mm):
repeat colonoscopy in 5-10 years

(3) 3-10 low-risk adenomas, or any high-risk ade-
noma (= 10 mm or high-grade dysplasia or villous
features): repeat colonoscopy in 3 years

(4) > 10 adenomas: repeat in < 3 years
(5) Inadequately removed adenoma: repeat in 2—6 months

\

You explain to Mr. S that because colon cancer was diag-
nosed in his mother when she 54 years old, his risk of
developing colon cancer during his lifetime is increased
from about ©% to somewhere between 12% and 18%.
Although fecal occult blood test alone are an acceptable
screening strategy for low-risk individuals, all of the
expert guidelines recommend screening colonoscopy for
patients with his risk profile.

colonoscopy, and patient discomfort.

E. What are the current guidelines? Should Mr. S be screened for hyperlipidemia
1. USPSTEF (2008) ‘ with a lipid panel?

a. Strongly recommends screening average risk men and
women beginning at age 50 years and continuing to age

75 years, using FOBT, sigmoidoscopy, or colonoscopy A. What is the burden of discase?

1. Coronary heart disease (CHD) is the leading cause of
death in the United States.

2. Overall costs of CHD and stroke in 2003 estimated to be
> 50 billion.

3. Lifetime risk of a CHD event, calculated at age 40 years, is
49% for men and 32% for women; nearly one-third of CHD
events are attributable to total cholesterol > 200 mg/dL.

(1) Grade A recommendation

(2) Insufficient data to assess the benefits and harms of
CT colonography and fecal DNA testing as screen-
ing modalities (I recommendation)

b. Recommends against routine screening in adults age
76-85 years (C recommendation)

c. Recommends against screening in adults older than age

85 years (D recommendation)

] i B. Is it possible to identify a high-risk group that might espe-
2. American Cancer Society (2008) cially benefit from screcning?

a. Average risk men and women 1. The low-density lipoprotein (LDL) and high-density

lipoprotein (HDL) levels themselves are independent risk
factors for CHD, with the increased risk being continuous

(1) Begin screening at age 50
(2) Acceptable strategies include annual FOBT alone,

annual FOBT plus sigmoidoscopy every 5 years, and linear.

sigmoidoscopy alone every 5 years, colonoscopy a. For every 38 mg/dL increase in LDL above 118 mg/dL,

every 10 years, CTC every 5 years, or double- the RR for CHD is 1.42 in men and 1.37 in women.

contrast barium enema every 5 years b. For every 15.5 mg/dL increase in HDL above 40 mg/dL
(3) Imaging procedures that can detect both adeno- in men, the RR for CHD is 0.64.

matous polyps and cancer are preferred over stool c. Forevery 15.5 mg/dL increase in HDL above 51 mg/dL

tests that primarily detect cancer.

in women, the RR for CHD is 0.69.
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d. Total cholesterol-HDL ratio

(1) In men, a ratio = 6.4 was associated with a 2-14%

greater risk than predicted from total cholesterol or
LDL alone.

(2) In women, a ratio > 5.6 was associated with a
25-45% greater risk than predicted from total
cholesterol or LDL alone.

2. Clinical characteristics can be used to classify patients into
3 risk categories.

a. Highest risk category
(1) Patients with established CHD
(2) Patients with CHD risk equivalents

(a) Other atherosclerotic disease: peripheral vascu-
lar disease, cerebrovascular/carotid disease,
abdominal aortic aneurysm

(b) Diabetes

(¢) Multiple risk factors that confer a 10-year risk
for CHD > 20%, calculated using Framing-
ham risk model, available at http://hp2010.
nhlbihin.net/atpiii/calculator.asp?usertype=
pub (Figure 2-3)

b. Intermediate risk category
(1) Patients with 2 or more risk factors

(a) Smoking

(b) Hypertension (BP > 140/90 mm Hg or on
antihypertensive therapy)

() HDL <40 mg/dL (if HDL > 60 mg/dL, decrease
risk factor count by 1)

(d) Family history of premature coronary
artery disease (CAD) (male first-degree relative

< 55 years, female first-degree relative < 65
years)

(e) Age (men 2 45 years, women > 55 years)

(2) 10-year CHD risk of 10-20%, calculated using
the Framingham risk model

c. Lower risk category
(1) 0-1 of above risk factors

(2) 10-year CHD risk < 10%, calculated using the
Framingham risk model

C. What is the quality of the screening test?

1. Total cholesterol and HDL are minimally affected by eating
and can be measured in fasting or nonfasting individuals.

2. Triglycerides are increased 20-30% by eating and must be
measured in the fasting state.

3. LDL can be directly measured but is most commonly esti-
mated using the following equation, which is valid only
when the fasting triglycerides are less than 400 mg/dL:
total cholesterol — (triglycerides/5 + HDL) = LDL.

4. Total cholesterol can vary by 4-11% within an individual;
HDL and triglyceride measurements can vary even more.
Clinicians should measure twice before starting therapy.

. Does screening reduce morbidity or mortality?

1. In primary prevention studies of drug therapy (including
only patients without established CAD, primarily men):

a. Total CHD events (nonfatal myocardial infarction [MI]
plus death from CHD) are reduced by about 30%
(95% CI, 20-38%).

b. CHD death is reduced by 26% (95% CI, 2-43%).

c. NNT over 5 years to prevent 1 CHD event with statin
therapy = 42-49.

Risk Assessment Tool for Estimating Your 10-year Risk of Having a Heart Attack

The risk assessment tool below uses information from the Framingham Heart Study to predict a
person’s chance of having a heart attack in the next 10 years. This tool is designed for adults
aged 20 and older who do not have heart disease or diabetes. To find your risk score, enter your

information in the calculator below.

Age: years

Gender: () Female () Male
Total Cholesterol: mg/dL

HDL Cholesterol: mg/dL
Smoker: () No () Yes
Systolic Blood Pressure: mm/Hg

Are you currently on any medication to treat high blood pressure. () No () Yes

Calculate Your 10-Year Risk

Figure 2-3. Framingham risk calculator:This is the on line risk assessment tool which uses information from the
Framingham Heart Study to predict a person’s risk of heart attack in the next 10 years. (Source: http://hp2010.

nhlbihin.net/atpiii/calculator.asp?usertype=pub)


http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=pub
http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=pub
http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=pub
http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=pub
http://hp2010.nhlbihin.net/atpiii/calculator.asp?usertype=pub

2. There is conflicting evidence for the efficacy of lipid-
lowering agents in asymptomatic women; in trials includ-
ing high-risk women, reductions in CHD events were
similar to those seen in men.

3. No evidence that diet therapy reduces CHD events in pri-
mary prevention populations

a. Maximum expected cholesterol reduction with diet
therapy is 10-20%.

b. Most trials achieve an average reduction of about 5%.
E. What are the current guidelines?
1. USPSTF (2008)

a. Screen all men at age 35 and women with risk factors
at age 45.
(1) Grade A recommendation
(2) Good evidence that screening can identify asymp-
tomatic people at increased risk for CAD and that

lipid-lowering drug therapy decreases the inci-
dence of CHD

b. Screen men aged 20-35 and women aged 2045 if

other risk factors present.
(1) Grade B recommendation

(2) Other risk factors include diabetes, family history
of cardiovascular disease before age 50 in male rel-
atives or age 60 in female relatives, family history
suggestive of familial hyperlipidemia, obesity
(BMI 2 30 kg/m?), presence of multiple other risk
factors (eg, hypertension, smoking).

c. No recommendation regarding screening younger
adults without risk factors (grade C recommendation).

d. Screening should include measurement of total choles-
terol and HDL.

e. Optimal screening interval unclear
2. National Cholesterol Education Program (NCEP) (2001)

a. Fasting cholesterol LDL, HDL, and triglycerides every
5 years for adults aged 20 or older

b. Risk assessment for all patients

3. American Academy of Family Physicians: periodic choles-
terol measurement in men aged 35-65 and women aged

45-65

\

You agree with Mr. S that a fasting lipid panel is an
important screening test to do for men over 45, even in
the absence of other risk factors.

Should Mr. S have a screening chest radi-
V ograph?
\ 4

A. What is the burden of disease?

1. Lung cancer is leading cause of cancer death in both men
and women.

2. About 150,000 deaths from lung cancer in 2002 compared
with about 126,000 for colorectal, breast, and prostate can-
cer combined
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3. Prognosis of non-stage I lung cancers poor

B. Is it possible to identify a high-risk group that might espe-
cially benefit from screening?
1. Cigarette smoking responsible for about 87% of lung cancers

a. Compared with nonsmokers, RR of developing lung
cancer is 10-30

b. A 65-year-old who has smoked 1 pack/day for 50 years
has a 10% risk of developing lung cancer over the next
10 years.

c. A 75-year-old who has smoked 2 packs/day for 50 years
has a 15% risk.

2. Other risk factors include exposure to asbestos, nickel,
arsenic, haloethers, polycyclic aromatic hydrocarbons, and
environmental cigarette smoke.

C. What is the quality of the screening test?

1. Chest radiograph: reported sensitivity ranges from 36% to
84%, with specificity of about 90%; PPV ranges from
41% to 60%

2. CT scan: sensitivity = 93%, specificity = 49-89%

a. Most false-positive abnormalities could be resolved on

high-resolution CT (HRCT) scan.

b. 5-15% of patients referred for biopsy after HRCT,
with 63-90% of those being diagnosed with cancer

D. Does screening reduce morbidity or mortality?

1. All randomized trials reported to date have excluded
women.

2. 6 randomized trials of chest radiography, with or without
sputum cytology, have failed to demonstrate a decrease in
lung cancer mortality; all were limited by the control pop-
ulation undergoing some screening.

3. Low-dose CT scanning

a. A low-resolution image of the entire thorax
obtained in a single breath holding with low-radiation
exposure

b. Results from cohort studies suggest that low-dose CT
does identify more, and earlier stage, lung cancers than
chest radiography.

c. One study comparing observed rates of lung cancer
diagnoses to expected rates calculated from validated
models found no reduction in mortality from CT
screening.

E. What are the current guidelines?
1. USPSTF (2004)

a. Evidence is insufficient to recommend for or against
screening asymptomatic people with low-dose CT
scanning, chest radiography, sputum cytology, or some
combination of these tests.

b. Grade I recommendation

c. Fair evidence that screening can detect earlier stage lung
cancer but poor evidence that screening reduces mortality.

d. There is potential for significant harm because of the
high number of false-positive tests and the need for
invasive diagnostic testing.

2. American College of Chest Physicians (2007) recom-
mends screening only when done as part of a clinical
trial.

3. American Cancer Society (2001, 2004): no recommendation
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\

You explain to Mr. S that there have been no studies
showing that screening chest radiographs prevent lung
cancer in smokers, much less in nonsmokers. You add
that no expert guidelines recommend routine chest radi-
ographs, even in patients who smoke.

tic aneurysm and carotid artery stenosis

V Should Mr. S be screened for abdominal aor-
v with ultrasonography?

Abdominal Aortic Aneurysm (AAA)
A. What is the burden of disease?

1. 4-8% of older men and 0.5-1.5% of older women have
an AAA.

2. AAA accounts for about 9000 deaths per year in the
United States.

a. l-year rupture rates are 9% for AAAs 5.5-5.9 cm, 10%
for 6-6.9 cm, and 33% for AAAs > 7 cm.
b. 10-25% of patients with ruptured AAA survive to hos-
pital discharge
. Is it possible to identify a high-risk group that might espe-
cially benefit from screening?

1. Age > 65, ever smoking (= 100 lifetime cigarettes), male
sex, and family history are the strongest risk factors for an
AAA > 4.0 cm.

a. The OR increases by 1.7 for each 7-year age interval.
b. Current or past smoking increases the risk of AAA by 3-5.

c. The prevalence of AAA increases more rapidly with age
in ever smokers than in never smokers.

d. The prevalence of AAA > 4 cm in never smokers is < 1%
for all ages.

e. The OR is 1.94 for a positive family history.
f. The OR is ~1.3-1.5 for history of CAD, hypercholes-

terolemia, or cerebrovascular disease.

g. The ORis 0.53 for black persons and 0.52 for patients
with diabetes.

C. What is the quality of the screening test?

1. Ultrasonography has a sensitivity of 95% and specificity of
100% for the detection of AAA, defined as an infrarenal
aortic diameter > 3.0 cm.

2. One time screening is sufficient, since cohort studies of
repeated screening have shown that over 10 years, the inci-

dent rate for new AAAs is 4%, with no AAAs of > 4.0 cm
found

3. Abdominal palpation is not reliable.
. Does screening reduce morbidity or mortality?
1. A meta-analysis of 4 randomized controlled trials of screen-
ing for AAA in men showed a reduction in mortality from

AAA, with a pooled OR of 0.57 (95% CI, 0.45-0.74)

a. Overall in-hospital mortality for open AAA repair is
4.2%; lower mortality is seen in high volume centers
performing > 35 procedures/year (3% mortality vs 5.5%

in low volume centers) and when vascular surgeons

perform the repair (2.2% for vascular surgeons, 4.0%
for cardiac surgeons, 5.5% for general surgeons).

b. Endovascular repair, when compared with open repair,
has reduced 30-day mortality rates, but 4-year mortal-
ity rates for the 2 procedures are equal; there are no
longer term comparative data.

2. There was no reduction in all cause mortality, or in AAA
specific mortality in women.

E. What are the current guidelines?

1. USPSTF (2005)

a. One time screening by ultrasonography in men age

65-75 who have ever smoked

b. Grade B recommendation, based on good evidence of
decreased AAA specific mortality with screening

2. Society of Vascular Surgery

a. Screening in all men age 60-85, women age 60-85 with
cardiovascular risk factors, and patients age = 50 with

a family history of AAA

b. Ifaortic diameter < 3.0 cm, no further screening; if 34 cm,
annual ultrasonography; if 4-4.5 cm, twice yearly ultra-
sonography; if > 4.5 cm, refer to a vascular specialist

Carotid Artery Stenosis (CAS)
A. What is the burden of disease?

1. The estimated prevalence of significant CAS (60-99%) in
the general population is about 1%.

2. The contribution of significant CAS to morbidity or mor-
tality from stroke is not known, nor is the natural pro-
gression of asymptomatic CAS.

. Is it possible to identify a high-risk group that might espe-

cially benefit from screening?

1. CAS is more prevalent in patients with hypertension or
heart disease, and in those who smoke.

2. There are no risk assessment tools that reliably identify
patients with clinically important CAS.

C. What is the quality of the screening test?

1. For the detection of > 70% stenosis, carotid duplex ultra-
sonography has a sensitivity of 86-90% and a specificity
of 87-94%.

2. For the detection of > 60% stenosis, the sensitivity is 94%
and the specificity is 92%.

3. There is some variability in measurements done in differ-
ent laboratories.

4. Screening for bruits on physical exam has poor reliability
and sensitivity.

D. Does screening reduce morbidity or mortality?

1. There have been 2 randomized controlled trials of carotid
endarterectomy for asymptomatic CAS, both of which
showed about a 5% absolute reduction in stroke or peri-
operative death in the surgical group (~5.5-6.5%), com-
pared with the medically treated group (-11-12%); the
absolute RR for disabling stroke was about 2.5%.

a. These results may not be generalizable due to the
highly selected participants and surgeons.

b. The medical treatment was not well defined, and did
not include current standard care, such as aggressive
control of BP and lipids.
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2. All positive ultrasounds need to be confirmed by digital sub-
traction angiography, which has a stroke rate of 1%, or by
MRA or CTA, both of which are less than 100% accurate.

3. 30-day perioperative stroke or death rates in asymptomatic B. Is it possible to identify a high-risk group that might espe-
patients range from 1.6% to 3.7%, with rates for women at cially benefit from screening?
the higher end of the range; in some states, rates are as high 1

as 6%.

4. The perioperative MI rate is 0.7-1.1%, going up to 3.3%
in patients with more comorbidities.

3. Women with preinvasive lesions have a 5-year survival of
nearly 100%, with a 92% 5-year survival for early-stage
invasive cancer; only 13% survive distant disease.

. 93-100% of squamous cell cervical cancers contain DNA
from high-risk human papillomavirus (HPV) strains

a. Low- and high-risk subtypes

i b. Cervix especially vulnerable to infection during
E. What are the current guidelines? adolescence when squamous metaplasia is most

1. USPSTEF (2007) active

a. Recommends against screening for asymptomatic CAS
in the general adult population

b. Grade D recommendation, based on moderate certainty
that the benefits of screening do not outweigh the harms.

c. Most infections cleared by immune system in 1-2 years
without producing neoplastic changes.

(1) 90% low-risk subtypes resolve over 5 years

2. American Heart Association (2006) does not recommend

screening.

3. American Society of Neuroimaging (2007) recommends
against screening unselected populations but does recom-
mend considering screening in adults age > 65 years with

3 or more cardiovascular risk factors.

4. Society for Vascular Surgery (2007) recommends screen-
ing patients age = 55 years with cardiovascular risk factors.

W

You explain to Mr. S that he should not invest in the “vas-
cular screening.” Screening for CAS is not recommended
for the general population, and since he is younger than
©b years with a minimal history of smoking, he does not
heed to be screened for AAA.

Mr. S has a second list for his wife, a 42-year-old sim-
ilarly healthy woman who is scheduled to see you next:
lipid panel, chest radiograph, bone mineral density (BMD),
Fap smear, and mammogram.

Mre. S also has no medical history, except for 2 nor-
mal vaginal deliveries, the first at age 25. Her menses are
regular. She does not smoke or drink, and she jogs regu-
larly. She had 1 eexual partner before Mr. S and has been
monogamous for 20 years. Her family history is negative,
except for osteoporosis in her mother and grandmother.
She has had a normal Fap smear every year since her
first child was born. She weighs 125 pounds, her BF is
105/70 mm Hg, and her general physical exam, including
breast exam, is entirely normal.

Should Mrs. S be screened for cervical cancer
‘ with a Pap smear?

3.
4.

(2) 70% of high-risk subtypes resolve

d. Women older than 30 years with HPV are more likely
to have high-grade lesions or cancer than women
younger than 30 with HPV.

. Early-onset of intercourse (before age 17) and a greater

number of lifetime sexual partners (> 2) are risk factors for
acquiring HPV.
Cigarette smoking increases risk by 2- to 4-fold.

Immunocompromise and other sexually transmitted infec-
tions, such as herpes and HIV, also increase risk.

C. What is the quality of the screening test?
1.

Interpretation of Pap smears: the Bethesda Classification

of Cervical Cytology
a. Negative for intraepithelial lesion or malignancy
b. Epithelial cell abnormalities: squamous cells
(1) Atypical squamous cells (ASC)
(@ ASC-US: of undetermined significance

(b) ASC-H: cannot exclude high-grade squamous
intraepithelial lesion (HSIL)

(2) Low-grade squamous intraepithelial lesion (LSIL)
(@) Cellular changes consistent with HPV

(b) Same as mild dysplasia, histologic diagnosis of
CIN 1 (cervical intraepithelial neoplasia)

(3) HSIL
(a) Same as moderate/severe dysplasia, histologic
diagnosis of CIN 2, CIN 3, CIS (carcinoma
in situ)
(b) Should indicate if invasion suspected
(4) Squamous cell carcinoma
c. Epithelial cell abnormalities: glandular cells
(1) Atypical (endocervical, endometrial, or glandular)
(2) Atypical, favors neoplastic

(3) Endocervical adenocarcinoma in situ (AIS)

A. What is the burden of disease?

. (4) Adenocarcinoma
1. About 13,000 new cases of cervical cancer and 4100 cer-

vical cancer—related deaths in the United States in 2002;
tenth leading cause of cancer death

. Rates considerably higher in countries where cytologic
screening is not widely available; worldwide, cervical
cancer is the second most common cancer in women and
the most common cause of mortality from gynecologic
malignancy.

2. Pap smear techniques

a. Conventional Pap smear: cervical cells are spread on a
glass slide and treated with a fixative by the examiner

b. Liquid-based cytology: cervical cells are suspended in
a vial of liquid preservative by the examiner, followed
by debris removal and placement onto a slide in the
laboratory
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3. HPV testing

a. A cervical specimen is placed into a transport medium
or into the liquid preservative used for the liquid-based
cytology Pap smear method

b. Specific RNA probes are added that combine with
oncogenic DNA, and the DNA-RNA hybrids are
detected by antibodies.

4. Test characteristics of conventional Pap smear
a. For LSIL/CIN 1: sensitivity 30-87% (mean 47%),
specificity 86-100% (mean 95%)
b. For LSIL/CIN 2,3: sensitivity 44-99%, specificity
91-98%
5. Conventional Pap smear vs liquid-based cytology

a. Specimen less likely to be unsatisfactory with liquid
based (4.1% vs 2.6% of specimens)

b. Sensitivities for CIN 2 similar: relative sensitivity of lig-
uid-based compared with conventional = 1.17, (95% CI
0.87-1.506)

c. PPV of liquid-based cytology for CIN 2 lower than con-
ventional: relative PPV = 0.58, (95% CI 0.44-0.77)

6. Conventional Pap smear vs HPV testing (Table 2-3)

a. Sensitivities of either test alone were similar, with the
specificity and PPV somewhat better for Pap alone
than HPV testing alone

b. While the sensitivity of reflexive testing (HPV or Pap
followed by the other test if first test positive; if both
positive, referral for colposcopy) was much lower than
that of co-testing (simultaneous testing; colposcopy
referral if one is positive), the negative predictive values
for both strategies were quite high at over 99%.

c. Co-testing has a lower specificity and PPV, leading to
higher rates of referral for colposcopy (7.9% vs 1.4%
for reflexive testing).

. Does screening reduce morbidity or mortality?
1. No randomized trial data

2. Many observational studies show a decrease in both the
incidence of cervical cancer (60-90%) and cervical cancer
mortality (20-60%).

3. Evidence regarding optimal interval between screening
tests has been largely indirect and based on modeling; a
recent analysis found that, in women with 3 consecutive
normal Pap smears, few cases of cervical cancer would be
missed by subsequently screening every 3 years rather than
annually (excess risk of 3 cases of cervical cancer per
100,000 women screened less often).

E.

What are the current guidelines?
1. USPSTF (2003)

a. Strongly recommends Pap smear screening in sexually
active women with a cervix

(1) Grade A recommendation

(2) Good evidence that screening reduces cervical can-
cer mortality

(3) Indirect evidence that screening should start
within 3 years of the onset of sexual activity or age
21 and be done at least every 3 years

b. Recommends against screening women older than 65
with a history of adequate recent screening, who are
not otherwise at high risk

(1) Grade D recommendation
(2) Harms likely to outweigh benefits

c. Recommends against routine screening in women who
have had a total hysterectomy for benign disease (grade D

recommendation)

d. Evidence is insufficient to recommend for or against the
routine use of new technologies (liquid-based cytology,
computerized rescreening, and algorithm-based screening)
to screen (grade I recommendation)

e. Evidence is insufficient to recommend for or against
the routine use of HPV testing as a primary screening
test.

2. American Cancer Society (2004)

a. Begin 3 years after becoming sexually active or at age 21

b. Every year with conventional Pap smear or every 2 years
with liquid-based cytology

c. Women older than age 30 with 3 normal tests in a row
may choose to be screened every 2-3 years.

d. Women older than age 70 with at least 3 normal tests
and no abnormal tests within the last 10 years may
choose to stop screening.

e. Screening is not indicated for women who have had a
total hysterectomy for benign disease.

f. Women who have a history of in utero DES exposure;
are HIV-positive; or are immunocompromised by
organ transplantation, chemotherapy, or long-term
corticosteroid treatment should have annual screening.

3. American College of Obstetrics and Gynecology (2003)

a. Level A recommendations

(1) Annual screening beginning 3 years after becom-
ing sexually active or at age 21

Table 2-3. Comparing test characteristics of conventional Pap smears with HPV testing.

Sensitivity (%) Specificity (%) NPV (%) PPV (%)
Pap 43 97 99.6 9.1
HPV 46 94 99.4 8.0
Reflexive testing 54 99 99.8 18.2
Co-testing 100 93 100 5.5

HPV, human papillomavirus; NPV, negative predictive value; Pap, Papanicolaou; PPV, positive predictive value.



(2) Women older than age 30 with no history of CIN
2 or 3, immunocompromise, HIV, or in utero
DES exposure, with 3 normal tests in a row, may
choose to be screened every 2-3 years.

(3) Both liquid-based and conventional cytology are
acceptable for screening.

(4) Women who have had a total hysterectomy for
benign disease and no history of CIN 2 or 3 may
stop screening.

b. Level B recommendations

(1) Cervical cytology and HPV screening can be used in
women older than age 30; if both are negative, the
screening interval should be no less than 3 years.

(2) Women with a history of CIN 2 or 3 should be
monitored annually posttreatment until 3 consec-
utives tests are normal.

(3) Women who have had a hysterectomy, with a his-
tory of CIN 2 or 3, should be screened annually
until 3 consecutive vaginal smears are normal.

4. Table 2-4 summarizes current recommendations regard-

ing follow-up of abnormal Pap smears.

\
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Table 2-4. Management of abnormal Pap smears.

Result Recommendation

ASC-US

Strategy 1: HPV testing, followed by referral for
colposcopy if high-risk subtype identified; If HPV
negative, repeat cytology in 12 months (preferred
strategy)

OR

Strategy 2: Repeat cytology every 4-6 months
until normal twice, with referral for colposcopy if
persistently abnormal

OR

Strategy 3: Refer for colposcopy

Adolescents: repeat cytology in 12 months'

ASC-H Refer for colposcopy

Atypical

glandular cells  Refer for colposcopy

LSIL Refer for colposcopy
Adolescents: repeat cytology in 12 months’

HSIL Refer for colposcopy

'Adolescents have high rates of HPV positivity and transient cytologic abnor-
malities, but rates of invasive cancer near zero, so repeat Pap testing in 12
months is recommended. ASC-H, atypical squamous cells-cannot exclude HSIL;
ASC-US, atypical squamous cells-undetermined significance; HSIL, high-grade
squamous intraepithelial lesion; LSIL, Low-grade squamous intraepithelial lesion.

You explain to Mrs. S that the combination of her sexual
history and her history of 12 normal Fap emears in a row
puts her at extremely low risk for cervical cancer. You
point out that all expert guidelines consider it accept-
able to perform Fap emears every 2 or 3 years in women

with her history.

W

Should Mrs. S be screened for breast cancer
with a mammogram?

A. What is the burden of disease?

1.

3.

Incidence rates per 100,000 are 132.5 for white women,
118.3 for African American women, and 89 for Asian
American and Hispanic women.

. Breast cancer mortality rates per 100,000 are 25 for white

women, 33.8 for African American women, and 12—16 for
Asian American and Hispanic women.

Second leading cause of cancer mortality in women (lung
cancer is first).

B. Is it possible to identify a high-risk group that might espe-
cially benefit from screening?

1.

Women who have a BRCA1/BRCA2 mutation are a special

high-risk group; certain family history patterns are associ-

ated with an increased likelihood of BRCA mutations.

a. For women of Ashkenazi Jewish descent: Any first-
degree relative, or 2 second-degree relatives on the same
side of the family with breast or ovarian cancer

b. For all other women:

(1) 2 first-degree relatives with breast cancer, at least 1
of whom was diagnosed at age 50 or younger

(2) 3 or more first- or second-degree relatives with breast
cancer

(3) Both breast and ovarian cancer among first- and
second-degree relatives

(4) A first-degree relative with bilateral breast cancer

(5) 2 or more first- or second-degree relatives with
ovarian cancer

(6) A first- or second-degree relative with both breast
and ovarian cancer

(7) Breast cancer in a male relative

2. Otherwise, age is the strongest risk factor (RR =18 for
women aged 70-74 compared with women aged
30-34).

3. Other risk factors include mother or sister with breast can-
cer (RR = 2.6), age at menarche younger than 12 years,
age at first birth older than 30, age at menopause older
than 55, current use of hormone replacement therapy
(HRT), excess alcohol use (> 2-5 drinks/day), high breast
density on mammography, highest quartile of bone den-
sity, history of a breast biopsy.

4. Protective factors include > 16 months of breastfeeding,

5 or more pregnancies, exercise, postmenopausal BMI

< 23 kg/m?, oophorectomy before age 35.

5. A Breast Cancer Risk Assessment Tool has been developed

a. Available at http://www.cancer.gov/bcrisktool/

b. Uses statistical methods applied to data from the Breast
Cancer Detection and Demonstration Project, a mam-
mography screening project conducted in the 1970s, to
assess breast cancer risk

C. What is the quality of the screening test?

1. Sensitivity (Table 2-5)


http://www.cancer.gov/bcrisktool/
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Table 2-5. Sensitivity of annual screening mammography.

Positive Predictive

Age Group Sensitivity (%) Value (%)
40-49 73-81 1-4
50-59 71-96 4-9
60-69 85-95 10-19
70-74 81-98 18-20

a. Reduced by younger patient age, increased breast den-
sity, use of HRT, technical factors, lack of skill of
radiologist

b. Increased if radiologist tends to label results abnormal
(at expense of reduced specificity)

. Specificity

a. Overall specificity of a single mammogram is 94-97%.
b. However, the PPV is low in young women, increasing
with age as risk of breast cancer increases (see Table 2-5).

c. About 23% of women have at least 1 false-positive
mammogram requiring additional evaluation (addi-
tional imaging or biopsy).

d. The false-positive rate tends to be higher in younger
women and those taking HRT because of denser breasts.

. Test characteristics in high-risk women (BRCA positive or

> 20% lifetime risk as calculated by a validated model)
a. Mammography alone: sensitivity 25-59%

b. Mammography + MRI: sensitivity 93—100%

c. Mammography + ultrasound (+/- clinical breast exam):

sensitivity 49-67%

d. When MRI is added to mammography, specificity
drops 1-17%, compared with mammography alone,
with a consequent increase in unnecessary recalls for
further evaluation (RR of recall = 3.4-4.8, ~71 addi-
tional recalls/1000 screening rounds) and unnecessary
biopsy (RR of biopsy = 1.2-9.5, 7—46 additional biopsies/
1000 screening rounds).

e. There have been no studies of whether screening with

MRI + mammography, compared with screening with
mammography alone, reduces breast cancer deaths.

D. Does screening reduce morbidity or mortality?

1.

2.

6.

There are several randomized trials of screening mammog-
raphy, although all have some methodologic limitations.

For all age groups combined, RR of breast cancer death is
0.74 (95% CI, 0.77-0.91), with a NNS to prevent 1
breast cancer death over 14 years of 1224.

For women older than 50 years, the RR of breast can-
cer death is 0.78 (95% CI, 0.70-0.87), with an NNS
of 838.

For women ages 40-49, the RR of breast cancer death is
0.85 (95% CI, 0.73-0.99), with a NNS of 1792.
Potential harms include anxiety about testing, identifying
nonprogressive forms of ductal carcinoma in situ (DCIS),
radiation exposure, and false-positive mammograms.

Table 2-6 outlines another approach to calculating the
benefit of screening mammography.

E. What are the current guidelines?

1.

2.

USPSTF (2002, update pending)
a. Screening mammography, with or without clinical breast
exam every 1-2 years in women aged 40 and older
(1) Grade B recommendation
(2) Fair evidence that mammography every 12-33 months
significantly reduces breast cancer mortality
(a) Evidence stronger for women aged 50-69

(b) Evidence weaker, and benefit smaller, for
women aged 40-49; optimal screening interval
for this age group unclear

(c) Evidence generalizable to women 70 and older
if their life expectancy is not compromised by
comorbid disease

b. Evidence insufficient to recommend for or against clin-
ical breast exam alone as a screen for breast cancer
(Grade I recommendation)

c. Evidence insufficient to recommend for or against
breast self-exam as a screen for breast cancer (Grade I
recommendation)

American Cancer Society (2008)

a. Begin annual mammography at age 40

b. Clinical breast exam every 3 years from ages 20-39 and
annually beginning at age 40

c. Women at high risk (> 20% lifetime risk) should have
annual mammography and breast MRI

Table 2-6. Number of women with different breast cancer outcomes in 1000 women who undergo annual mammography
for 10 years.

Breast Cancer Cured, Diagnosis of DCIS Lives Saved by
> 1 False-Positive Development of Regardless of because of Screening
Age Mammogram > 1 biopsy Breast Cancer Screening Mammography Mammography
40 560 190 15 8 3 2
50 470 190 28 14 7 4
60 360 190 37 18 7 6

DCIS, ductal carcinoma in situ. Reproduced, with permission, from Fletcher S, Elmore ). Mammographic screening for breast cancer. N Engl | Med. 2003;348:1672-80.



3. American College of Obstetrics and Gynecology (2003)
a. Mammography every 1-2 years beginning at age 40;
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c. Osteoporosis is defined as a bone density “T score” at
least 2.5 SD below peak predicted bone density (T score =

annually beginning at age 50
b. Clinical breast exam beginning at age 19

W

You explain to Mrse. S that in women with no factors that
increase the risk of breast cancer, the chance that she
will have a false-positive mammogram is much larger than
the chance a breast cancer will be found: For every 1700
women between the ages of 40 and 49 who are screened,
1 life will be saved, but about 425 women will have false-
positive mammograms. You add that, despite these sta-
tistics, most expert quidelines recommend beginning
annual mammography at age 40.

W Should Mrs. 5 be screened for osteoporosis?

v

—2.5 or more negative).
d. Osteopenia is defined as a T score between —1.0 and —2.5.
e. Normal is within 1 SD of peak predicted bone density.

2. DEXA is the gold standard test.

a. Has been shown to be a strong predictor of hip fracture
risk; femoral neck is best site to measure

b. The RR of hip fracture is 2.6 for each decrease of 1 SD

in bone density at the femoral neck.

3. Some evidence that measuring BMD at the heel is simi-
larly predictive of fracture risk (women with osteoporosis
had RR of 2.7 for all fractures compared with those with
normal BMD)

D. Does screening reduce morbidity or mortality?

1. No studies of the effectiveness of screening in reducing
osteoporotic fractures

2. Many studies show treatment substantially reduces frac-
ture risk.

3. Potential harms of screening include misinterpretation of
test results, increasing anxiety in patients, side effects of
medications, and cost.

A. What is the burden of disease? 4. 1£ 10,000 women aged 6569 are screened (assuming 37%
1. More than 10 million people in the United States have relative RR for hip fracture, 50% relative RR for vertebral

osteoporosis, and another 33.6 million have low bone
density at the hip.

. 15% will have a hip fracture, which is associated with loss
of independence in up to 60% of patients and excess mor-
tality of 10-20% within 1 year.

fracture, and 70% adherence rate)

a. Will prevent 14 hip fractures and 40 vertebral fractures
over 5 years

b. NNS to prevent 1 hip fracture = 731; NNS to prevent
1 vertebral fracture = 248

B. Is it possible to identify a high-risk group that might especially 5. 1f 10,000 women aged 60-64 are screened

ing?
benefit from screening? a. Will prevent 5 hip fractures over 5 years, with NNS =

1. Low BMD itself is the strongest risk factor for fracture. 2000
2. Increasing age is the strongest risk factor for low BMD; other
risk factors include low body weight (< 132 pounds), lack of
HRT use, family history of osteoporosis, personal history of
fracture, ethnic group (white, Asian, Hispanic), current
smoking, 3 or more alcoholic drinks/day, long-term corti-
costeroid use (= 5 mg of prednisone daily for > 3 months).

3. A new tool, the WHO Fracture Risk Algorithm (FRAX),
calculates the 10-year probability of hip or major osteo-
porotic fracture using femoral neck BMD and clinical risk
factors. (1) Grade B recommendation
a. It should be used in untreated postmenopausal women

and men over age 50.

b. The tool is available at hetp://www.shef.ac.uk/FRAX/

c. Depending on the dual-energy x-ray absorptiometry
(DEXA) scanner used, it is sometimes necessary to
adjust the T score before using the tool; this can be
done at http://www.nof.org/frax_patch_full.htm

b. If these women have 1 of 3 risk factors (increasing age,
weight < 132 pounds, or nonuse of HRT), will prevent
9 hip fractures, with NNS = 1092

E. What are the current guidelines?
1. USPSTF (2002)

a. Women 65 years of age and older should be screened rou-
tinely for osteoporosis; screening should begin at age 60
for women at increased risk for osteoporotic fractures.

(2) Good evidence that the risk of osteoporosis
increases with age, that bone density measurements
accurately predict fracture risk, and that treating
asymptomatic women reduces fracture risk

b. No recommendation for or against routine screening in
postmenopausal women younger than 60 or those aged
60-64 without increased risk (grade C recommendation)

C. What is the quality of the screening test? 2. National Osteoporosis Foundation (NOF) (2008)
1. Background a. BMD testing for all women aged > 65, and men > 70
a. Can measure bone density with a variety of methods b. BMD testing for younger postmenopausal women and

men age 50-69 if concerned for low BMD based on

(DEXA, single-energy x-ray absorptiometry, ultra-
sonography, quantitative CT) at a variety of sites (hip,
lumbar spine, heel, forearm)

b. Current bone density is compared with peak predi-
cated bone density and then reported as number of SD
above or below peak predicted bone density.

clinical risk factors

c. BMD testing for adults who experience a fracture after
age 50 and for adults with a condition (such as
rheumatoid arthritis) or taking a medication associated
with low bone density


http://www.shef.ac.uk/FRAX/
http://www.nof.org/frax_patch_full.htm
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Table 2-7. Numbers needed to screen.

Test/Disease Population NNS
Ultrasonography/AAA Ever smoking men, age 65-74 500 to prevent 1 AAA specific death over 5 years
Ultrasonography/CAS Primary care 4348 to prevent 1 stroke over 5 years; 8696 to prevent 1 disabling
stroke over 5 years
DEXA/Osteoporosis Women 65-69 731 to prevent 1 hip fracture over 5 years; 248 to prevent 1 vertebral fracture
Women 60-64 2000 to prevent 1 hip fracture
Women 60-64 with additional 1092 to prevent 1 hip fracture
risk factors
Mammography/Breast Cancer ~ Women 40-70 1224 to prevent 1 breast cancer death over 14 years
Women 50-70 838 to prevent 1 breast cancer death over 14 years
Women 40-49 1792 to prevent 1 breast cancer death over 14 years

Fecal occult blood

testing/Colorectal Cancer Biennial screening

Annual screening, patients over 50

217 to prevent 1 colorectal cancer death
344-1250 to prevent 1 colorectal cancer death

Table 2-8. Summary of USPSTF screening recommendations in 2008.

Recommendation

Men

Women

Abdominal aortic aneurysm screening

One time screening with ultrasound in men
65- to 75-years-old who have ever smoked
(> 100 cigarettes)

Screening not recommended

Alcohol misuse screening and
behavioral counseling

All

All

Aspirin for the primary prevention
of CV events

If increased risk for CAD

If increased risk for CAD

Breast cancer screening NA Mammaography every 1-2 years beginning at age 40
Breast cancer, genetic risk assessment NA In women with characteristic family histories
Cervical cancer screening NA In sexually active women with a cervix

Chlamydia infection screening

Screening not recommended

Sexually active women < 25 and others at
increased risk

Colorectal cancer screening

> age 50

> age 50

Depression screening

When systems for treatment in place

When systems for treatment in place

Type 2 DM screening

If hypertension or hyperlipidemia present

If hypertension or hyperlipidemia present

Gonorrhea screening

Screening not recommended

Sexually active women

Hypertension screening

All

All

HIV screening

If increased risk

If increased risk

Lipid disorders screening

> age 35, or younger if other CV risk factors

> age 45, or younger if other CV risk factors

Obesity screening

All

All

Osteoporosis

Screening not recommended

> age 65, or = 60 if risk factors

Syphilis screening

If increased risk

If increased risk

Tobacco use screening

All

All

CAD, coronary artery disease; DM, diabetes mellitus.



W

You agree with Mrs. S that she is at increased risk for
osteoporosis, but you explain that there are no data
regarding testing before menopause. You discuss the
importance of maintaining adequate calcium and vitamin
D intake (1200 mg daily of calcium and &00-1000 inter-
hational units daily of vitamin D).

CASE RESOLUTION

\

Based on your discussion, Mr. S decides to forego the
chest radiograph and PSA level. He agrees to be sched-
uled for a fasting lipid panel and a colonoscopy.

You discuss with Mrs. S that, because she has no
additional risk factors for coronary disease, expert
guidelines recommend waiting until age 45 before screen-
ing for hyperlipidemia.

Mre. S opts to have a mammogram but is happy to let
a Fap smear and a lipid panel wait a couple of years. She
leaves with a handout about the role of calcium and vita-
min D intake in the prevention and treatment of osteo-
porosis.

Tables 2-7 and 2-8 provide summary information regarding num-
bers needed to screen and current screening recommendations.
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| have a patient with abdominal pain.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT W

Mr. C is a 22-year-old man who complains of diffuse
abdominal pain.

W

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

Abdominal pain is the most common cause for hospital admission
in the United States. Diagnoses range from benign entities (eg, irri-
table bowel syndrome [IBS]) to life-threatening diseases (eg, rup-
tured abdominal aortic aneurysms [AAAs]). The first pivotal step in
diagnosing abdominal pain is to identify the location of the pain.
The differential diagnosis can then be narrowed to a subset of con-
ditions that cause pain in that particular quadrant of the abdomen
(Figure 3—1 and Summary table of abdominal pain by location at
the end of the chapter). The character and acuity of the pain are
also pivotal features that help prioritize the differential diagnosis.

Other important historical points include factors that make the
pain better or worse (eg, eating), radiation of the pain, duration of
the pain, and associated symptoms (nausea, vomiting, anorexia,
inability to pass stool and flatus, melena, hematochezia, fever, chills,
weight loss, altered bowel habits, orthostatic symptoms, or urinary
symptoms). Pulmonary symptoms or a cardiac history can be clues
to pneumonia or myocardial infarction (MI) presenting as abdomi-
nal pain. In women, sexual and menstrual histories are important.
The patient should be asked about alcohol consumption.

A few points about the physical exam are worth emphasizing.
First, vital signs are just that, vital. Hypotension, fever, tachypnea,
and tachycardia are pivotal clinical clues that must not be over-
looked. The HEENT exam should look for pallor or icterus. Care-
ful heart and lung exams can suggest pneumonia or other extra-
abdominal causes of abdominal pain.

\'g

Of course, the abdominal exam is key. Inspection assesses for dis-
tention (often associated with bowel obstruction or ascites). Auscul-
tation evaluates whether bowel sounds are present. Absent bowel
sounds may suggest an intra-abdominal catastrophe; high-pitched
tinkling sounds and rushes suggest an intestinal obstruction. Palpa-
tion should be done last. Iz is usefirl to distract the patient by contin-
uing to talk with him or her during abdominal palpation. This allows

What is the differential diagnosis of abdominal
pain? How would you frame the differential?

The physical exam of a patient with abdominal
pain includes more than just the abdominal exam.

26

the examiner to get a better appreciation of the location and sever-
ity of maximal tenderness. The clinician should palpate the painful
area last. The rectal exam should be performed, and the stool tested
for occult blood. Finally, the pelvic exam should be performed in
adult women and the testicular exam in men.

\

Mr. C felt well until the onset of pain several hours ago.
He reporte that the pain is a pressure-like sensation in
the mid-abdomen, which is not particularly severe. He
reports no fever, nausea, or vomiting. His appetite is
diminished, and he has not had a bowel movement since
the onset of pain. He reports no history of urinary symp-
toms such as frequency, dysuria, or hematuria. His past
medical history is unremarkable. On physical exam, his
vital signs are temperature 37.0°C, RR 16 breaths per
minute, BF 110/72 mm Hg, and pulse 85 bpm. His cardiac
and pulmonary exams are normal. Abdominal exam
reveals a flat abdomen with hypoactive but positive bowel
sounds. He has no rebound or guarding; although he has
some mild diffuse tenderness, he has no focal or marked
tenderness. There is no hepatosplenomegaly. Rectal
exam is nontender, and stool is guaiac negative.
At this point, what is the leading hypothesis,
‘ what are the active alternatives, and is there
a must not miss diaghosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The patient’s history is not particularly suggestive of any diagnosis.
Focus your attention on diseases associated with mid-abdominal
pain. Appendicitis should always be considered in young, otherwise
healthy patients with unexplained abdominal pain. Peptic ulcer dis-
ease (PUD) and pancreatitis may also present with epigastric or
mid-abdominal pain. Table 3—1 lists the differential diagnosis.

\

Mr. C reports no history of nonsteroidal antiinflamma-
tory drug (NSAID), aspirin, or alcohol ingestion. He has
ho known gallstones and no prior history of abdominal
surgery. He reports that he is passing flatus and denies
vomiting.



ABDOMINAL PAIN [ 27

Biliary disease

Mi

PUD
Pancreatitis
Biliary disease

Splenic injury

Hepatitis

Renal colic

Renal colic

Diverticulitis

Appendicitis

IBD

Bowel obstruction
or ischemia
Appendicitis

AAA

IBS, DKA
Ovarian disease |Gastroenteritis

PID
PID _ Ruptured ectopic
Ruptured ectopic pregnancy
pregnancy

Diverticulitis

Ovarian disease

AAA, abdominal aortic aneurysm; DKA, diabetic ketoacidosis; IBD, inflammatory bowel disease;
IBS, irritable bowel syndrome; MI, myocardial infarction; PID, pelvic inflammatory disease;

PUD, peptic ulcer disease.

Figure 3-1. The differential diagnosis of abdominal pain by location.

Is the clinical information sufficient to make
a diagnosis? If not, what other information
do you need?

w

Leading Hypothesis: Appendicitis
Textbook Presentation

The classic presentation of appendicitis is abdominal pain that is
initially diffuse and then intensifies and migrates toward the right
lower quadrant (RLQ) to McBurney point (1.5-2 inches from the
anterior superior iliac crest toward umbilicus). Patients often com-
plain of bloating and anorexia.

Disease Highlights

A. Appendicitis is one of most common causes of an acute
abdomen, with a 7% lifetime occurrence rate.

B. It develops secondary to obstruction of the appendiceal orifice
with secondary mucus accumulation, swelling, ischemia,
necrosis, and perforation.

Initially, the pain is poorly localized. However, progressive
inflammation eventually involves the parietal peritoneum,

resulting in pain localized to the RLQ.

D. The risk of perforation increases steadily with age (ages 1040,
10%; age 60, 30%; and age > 75, 50%).

Evidence-Based Diagnosis

A. Most individual clinical findings have a low sensitivity for
appendicitis making it difficult to rule out the diagnosis.

1. In one study, guarding was completely absent in 22% of
patients, and rebound was completely absent in 16% of
patients with appendicitis.

. Fever was present in only 40% of patients with perforated
appendices.

Fever, severe tenderness, guarding, and rebound
may be absent in patients with appendicitis.

B. Nonetheless, certain classic findings increase the likelihood of
appendicitis when present (ie, rebound, guarding) (Table 3-2).

History is particularly important in women to differentiate
other causes of RLQ pain (eg, pelvic inflammatory disease
[PID], ruptured ectopic pregnancy, ovarian torsion, and rup-
tured ovarian cyst). The most useful clinical clues that suggest
PID include the following:

C.
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Table 3-1. Diagnostic hypotheses for Mr.C.

Diagnostic

Hypothesis Clinical Clues Important Tests

Leading Hypothesis

Appendicitis Migration of pain Clinical exam
from periumbilical CT scan
region to right
lower quadrant

Active Alternatives-Most Common

Peptic ulcer NSAID use Esophagogastro-
Helicobacter duodenoscopy
pylori infection Urea breath
Melena test for H pylori
Pain relieved by eating

Pancreatitis Alcohol abuse Serum lipase
Gallstones

Active Alternatives-Must Not Miss

Early bowel Inability to pass Abdominal

obstruction stool or flatus radiographs,
Nausea, vomiting CT scan

Prior abdominal
surgery

Small bowel study
Barium enema

1. History of PID
2. Vaginal discharge
3. Cervical motion tenderness on pelvic exam

Rule out ectopic pregnancy in women of child-
bearing age who complain of abdominal pain by
testing urine for B-HCG.

Table 3-2. Classic clinical and laboratory findings in
appendicitis.

Finding Sensitivity  Specificity LR+ LR-
Clinical Findings
Fever > 38.1°C 15-67% 85% 1 1
Vomiting 49% 76% 20 07
Pain migration to RLQ 54% 63% 1.5 07
RLQ tenderness 88% 33% 13 04
Guarding 46% 92% 55 059
(moderate to severe)
Rebound 61% 82% 35 047
(moderate to severe)
Laboratory Findings
WBC > 7000/mcL 98% 21% 12 01
WBC > 11,000/mcL 76% 74% 29 03
WBC > 17,000/mcL 15% 98% 75 09

D. Symptoms are different in octogenerians than in patients aged
60-79 years.

1. The duration of symptoms is longer prior to evaluation
(48 vs 24 hours).

2. They are less likely to report pain that migrated to the
RLQ (29% vs 49%).
E. WBC

1. Very low WBCs (< 7000/mcL) and very high WBCs
(> 17,000/mcL) substantially decrease or increase the like-
lihood of appendicitis respectively (see Table 3-2). Mod-
erate elevations are less predictive.

2. Alow WBC does not exclude appendicitis in patients who

have severe rebound or guarding; 80% of such patients
had appendicitis even when WBC < 8000/mcL.

The WBC is not reliably elevated in patients with
acute appendicitis.

E. Urinalysis may be confusing and reveal pyuria and hematuria
due to bladder inflammation from an adjacent appendicitis.

G. Plain radiography is useful only to detect free air or signs of
another process (ie, small bowel obstruction [SBO]).

H. CT scanning is an accurate imaging method that is helpful
when the diagnosis is uncertain. Studies have shown that it is
more sensitive than ultrasonography in adults.

1. CT scanning: 94% sensitive, 94% specific; LR+, 15.6;

LR, 0.06
2. Ultrasonography: 83% sensitive, 93% specific; LR+, 11.9;
LR-, 0.18

3. One study showed that only 3% of patients who had a CT
scan performed preoperatively underwent unnecessary appen-
dectomy versus 6-13% of patients who did not have a CT
scan performed. CT scanning resulted in lower overall costs.

4. Although ultrasonography is inferior to CT scanning, it
should be substituted for CT scanning in pregnant patients.

Treatment

A. Observation is critical

B. Monitor urinary output, vital signs
C. 1V fluid resuscitation
D.

Broad-spectrum antibiotics, including gram-negative and
anaerobic coverage

E. Urgent appendectomy

MAKING A DIAGNOSIS

Mr. Cs symptoms are consistent with—but certainly not diag-
nostic of—appendicitis. None of the historical features (ie, no
alcohol use, NSAID ingestion, or prior abdominal surgery) sug-
gest any of the alternative diagnoses of pancreatitis, PUD, or
bowel obstruction. Diagnostic options include obtaining a CBC
(clearly of limited value), continued observation and reexamina-
tion, surgical consultation, and obtaining a CT scan. Given the
lack of evidence for any of the less concerning possibilities you
remain concerned that the patient has early appendicitis. You elect
to observe the patient, obtain a CBC and lipase, and ask for a sur-
gical consult.



Frequent clinical observations are exceptionally use-
ful when evaluating a patient with possible appen-

dicitis.

\

The CBC reveals a WBC of 8700/mcl (86% neutrophils,
O% bands) and a Het of 44%. The lipase is normal. The
surgical resident evaluates the patient who complains
that the pain is now more severe in the RLQ. On exam, the
patient’s abdomen is moderately tender but still without
rebound or guarding. The surgical resident agrees that
the normal CBC and absence of fever do not exclude
appendicitis and recommends an abdominal CT scan.

The migration of pain to the RLQ is suggestive of appendicitis.
Less likely considerations might include Crohn ileitis as well as
diverticulitis or colon cancer (both unlikely in this age group). If
our patient were a woman, PID and ovarian pathology (ruptured
ectopic pregnancy, ovarian torsion, or ruptured ovarian cyst)
would also need to be considered.

Diffuse abdominal pain that subsequently localizes
and becomes more constant, suggests parietal peri-

toneal inflammation.

ABDOMINAL PAIN / 29

W

The CT scan reveals a hypodense fluid collection on the
right side inferior to the cecum. An appendolith is seen.
The interpretation is possible appendiceal perforation
versus Crohn disease.

CASE RESOLUTION

\

The patient’s symptom complex, particularly the pain's
migration, localization, and intensification are highly sug-
gestive of appendicitie. CT findinge make this diagnosie
likely. At this point, surgical exploration is appropriate.

The patient undergoes surgery and purulent material is
found in the peritoneal cavity. A necrotic appendix is
removed, and the peritoneal cavity is irrigated. The patient
is treated with broad-epectrum antibiotics and does well
postoperatively.

CHIEF COMPLAINT

PATIENT W

Ms. R is a BO-year-old woman who comes to the office
complaining of abdominal pain. The patient reports that
she has been having “episodes” or “attacks” of abdominal
pain over the last several monthe. She reports that the
attacks of pain are in the epigastrium, last up to 4 hours,
and often awaken her at night. The pain is described as a
severe cramping-like sensation that is very intense and
steady for hours. Occasionally, the pain radiates to the
right back. The pain is associated with emesis. She may
get several attacks in a week or go weeks or months with-
out them. She reports that the color of her urine and
stool are normal. On physical exam, her vital signs are
stable. She is afebrile. On HEENT exam, she is anicteric.
Her lungs are clear, and cardiac exam is unremarkable.
Abdominal exam is soft with only mild epigastric discom-
fort to deep palpation. Murphy sign (tenderness in the
right upper quadrant [RUQ] with palpation during inspi-
ration) is negative. Rectal exam reveals guaiac-negative
stool.

what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

‘ At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The pivotal features of Ms. R’s abdominal pain are its epigastric
location, episodic frequency, colicky quality, and its severe inten-
sity. Epigastric pain is commonly caused by PUD, biliary colic,
and pancreatitis. Well-defined discrete episodes of abdominal
pain are more typical of biliary colic than either PUD or pancre-
atitis. Other causes of intermittent abdominal pain include IBS
and chronic mesenteric ischemia. Finally, the severe intense
crampy quality (colic) suggests obstruction of a hollow viscera,
which can be caused by biliary colic, bowel obstruction, or
ureteral obstruction (eg, due to nephrolithiasis). Given the epi-
gastric location, recurring episodic nature, quality and intensity
of the pain, biliary colic is most likely. Table 3-3 lists the differ-
ential diagnosis.

\Z

Ms. R reports no history of alcohol bingeing, NSAID use,
or known PUD. The pain does not improve with food or
antacide. She denies any history of flank pain or hema-
turia. The pain is not relieved by defecation. There is no
history of coronary artery disease (CAD) or peripheral
vascular disease.

Is the clinical information sufficient to make
‘ a diagnosis? If not, what other information

do you need?
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Table 3-3. Diagnostic hypotheses for Ms.R.

Diagnostic
Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Biliary colic Episodic and crampy Ultrasonography
pain may
radiate to back
Active Alternatives-Most Common
Peptic ulcer NSAID use EGD
disease Helicobacter Urea breath
pylori infection test for H pylori
Melena
Pain relieved by
eating or by antacids
Pancreatitis Alcohol abuse Serum lipase
Gallstones
Renal colic Hematuria Urinalysis
Radiation to Renal CT scan
flank, groin,
genitals

Rome criteria and
absence of alarm
symptoms (eg,
anemia, fever, weight
loss, positive fecal
occult blood test)
Exclusion of other
diagnoses

Irritable bowel
syndrome

Long history (years)
of intermittent pain
relieved by
defecation or
associated with
diarrhea

Active Alternatives-Must Not Miss

Chronic Postprandial pain Mesenteric duplex
mesenteric Weight loss ultrasonography
ischemia CAD or PVD Angiogram

CAD, coronary artery disease; EGD, esophagogastroduodenoscopy;
NSAID, nonsteroidal antiinflammatory drug; PVD, peripheral vascular disease.

Leading Hypothesis: Biliary Colic

Textbook Presentation

Gallstone disease may present as incidentally discovered asympto-
matic cholelithiasis, biliary colic, cholecystitis, cholangitis, or pan-
creatitis. The pattern depends on the location of the stone and its
chronicity (Figure 3-2). Biliary colic typically presents with
episodes of intense abdominal pain that begin 1 hour or more
after eating. The pain is usually located in the RUQ), although epi-
gastric pain is also common. The pain may radiate to the back and
may be associated with nausea and vomiting. The pain usually
lasts for more than 30 minutes and may last for hours.

Disease Highlights
A. Asymptomatic cholelithiasis
1. Predisposing factors

a. Increasing age is the predominant risk factor. The
prevalence is 8% in patients older than 40 years and
20% in those older than 60 years (Figure 3-3).

b. Obesity

c. Gender: more women are affected than men (risk
increased during pregnancy)

d. Gallbladder stasis (due to rapid weight loss, which may
occur in patients on very low calorie diets, on total par-
enteral nutrition, and after surgery)

e. Family history
f. Crohn disease

g. Hemolytic anemias can lead to increased bilirubin
excretion and bilirubin stones (eg, thalassemia, sickle
cell disease)

2. Cholecystectomy not advised for patients with asympto-
matic cholelithiasis.

Make sure the gallstones are causing the pain before
advising cholecystectomy.

3. Annual risk of biliary colic developing in patients with
asymptomatic gallstones is 1-4%.

B. Biliary colic

1. Occurs when gallstone becomes lodged in cystic duct and
the gallbladder contracts against the obstruction

2. Presents as one of the classic visceral obstructive syn-
dromes with severe, constant, and crampy waves of pain
that incapacitate the patient

3. The pain usually lasts < 2-4 hours. An episode longer
than 4-6 hours, fever, or marked tenderness, suggest
cholecystitis.

4. Characterized by episodes of pain with pain free intervals
of weeks to years.

5. Pain begins 1-4 hours after eating or may awaken the
patient during the night. May be precipitated by fatty

meals.
6. The pain is usually associated with nausea and vomiting,

7. Resolution occurs if the stone comes out of the gallbladder
neck. The intense pain improves fairly rapidly, although
mild discomfort may persist for 1 to 2 days.

8. Biliary colic recurs in 50% of symptomatic patients.

9. Complications (eg, pancreatitis, acute cholecystitis, or
ascending cholangitis) occur in 1-2% of patients with bil-
fary colic per year.

10. Colic occasionally develops in patients without stones
secondary to sphincter of Oddi dysfunction or scarring
leading to obstruction.

Evidence-Based Diagnosis

A. Pain is located in RUQ in 54% of cases and in the epigas-
trium in 34% of cases. It may occur as a band across the entire
upper abdomen, or rarely in the mid-abdomen. Pain may
radiate to back, right scapula, right flank, or chest.

B. Laboratory tests (liver function tests [LFTs]), lipase, urinaly-
sis) should be normal in uncomplicated biliary colic. Abnor-
malities suggest other diagnoses.

C. Ultrasonography is the test of choice; sensitivity 89%, speci-
ficity 97%, LR+ 30, LR—0.11 (CT scan is only 79% sensitive.)

D. Endoscopic ultrasound is 100% sensitive and is useful in
patients with a negative transabdominal ultrasound but in
whom biliary colic is still strongly suspected.
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Liver

Stone location & associated complications
Cystic duct: Biliary colic, cholecystitis

Gallbladder

Duodenum

Common bile duct (choledocholithiasis): Ascending
cholangitis, pancreatitis, (if blocking pancreatic duct)

Figure 3-2. Common sites of calculus formation. (Modified, with permission, Bateson MC. Gallbladder disease,

BMJ. 1999;318:1745-1748.)

Treatment
A. Cholecystectomy is recommended.
B. Lithotripsy is not advised.

C. Dissolution therapies (eg, ursodiol) are reserved for nonsurgi-
cal candidates.

MAKING A DIAGNOSIS

Ms. R’s history suggests biliary colic. You order an ultrasound of

the RUQ.
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Figure 3-3. Prevalence of asymptomatic gallstones by age.
(Reproduced, with permission, from the BMJ Publishing Group,
Bateson MC. Gallbladder disease. BMJ. 1999;318:1745-48.)

\

A RUQ ultrasound reveals multiple small gallstones
within the gallbladder. The common bile duct (CBD) is nor-
mal, and no other abnormalities are seen. A serum lipase
and LFTs are normal, and urea breath test for Helicobac-
ter pyloriis negative.
Have you crossed a diagnostic threshold for
‘ the leading hypothesis, biliary colic? Have
you ruled out the active alternatives? Do
other tests need to be done to exclude the
alternative diagnoses?

Alternative Diagnosis: IBS

Textbook Presentation

Patients often complain of intermittent abdominal pain accompa-
nied by diarrhea or constipation or both of years duration. The diar-
rhea is often associated with cramps that are relieved by defecation.
Pain cannot be explained by structural or biochemical abnormalities.
Weight loss or anemia should alert the clinician to other possibilities.

New persistent changes in bowel habits (either diar-
thea or constipation) should be thoroughly evalu-
ated to exclude colon cancer, inflammatory bowel
disease (IBD), or other process. An assumption of
IBS in such patients is inappropriate.

Disease Highlights
A. Affects 10-15% of adults, women 2 times more than men.

B. Etiology is a combination of altered motility, visceral hyper-
sensitivity, autonomic function, and psychological factors.
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C. Symptoms often exacerbated by psychological or physical
stressors

Evidence-Based Diagnosis
A. There are no known biochemical or structural markers for

IBS.

B. The diagnosis is usually made by a combination of (1) fulfill-
ing the Rome criteria, (2) the absence of alarm features, and
(3) a limited work-up to exclude other diseases.

1. Rome criteria: Recurrent abdominal pain or discomfort
(of = 6 months duration) at least 3 days per month for the past
3 months, associated with two or more of the following:

a. Improvement with defecation
b. Onset associated with a change in frequency of stool

c. Onset associated with a change in form (appearance) of
stool

2. Alarm symptoms (suggest alternative diagnosis and neces-
sitate evaluation)

. Positive fecal occult blood test or rectal bleeding
. Anemia

. Weight loss > 10 Ibs

Fever

. Persistent diarrhea causing dehydration

Severe constipation or fecal impaction

. Family history of colorectal cancer

. Onset of symptoms at age 50 years or older

cpo o A TR

i. Major change in symptoms

j- Nocturnal symptoms

k. Recent antibiotic use

3. Work-up

a. Common recommendations for patients fulfilling
Rome criteria without alarm symptoms include the fol-
lowing:
(1) Obtain a CBC
(2) Test stool for occult blood

(3) Perform serologic tests for celiac sprue (eg, IgA
tGT or IgA EMA) in patients with diarrhea as the

predominant symptom

(4) Routine chemistries are recommended by some
experts.

b. Colonoscopy with biopsy (to rule out microscopic coli-
tis) is recommended in patients with alarm symptoms,
in those aged = 50 years, and in patients with a marked
change in symptoms.

c. There is no evidence that routine flexible sigmoi-
doscopy or colonoscopy is necessary in young patients
without alarm symptoms.

d. In addition to the above testing, the following should
be evaluated in patients with alarm symptoms:

(1) TSH levels
(2) Basic chemistries

(3) Stool for Clostridium difficile toxin and presence of

ova and parasites

e. A variety of serum and fecal markers, including ASCA,
pANCA, fecal calprotectin, and fecal lactoferrin, are

useful in selected patients and can suggest bowel
inflammation or IBD.

Treatment
A. Nonspecific management
1. Certain foods may worsen symptoms in some patients.

2. Common offenders include milk products, caffeine, alco-
hol, fatty foods, gas-producing vegetables, and sorbitol
products (sugarless gum and diet candy).

3. A food diary can help identify triggers.
B. Specific therapy is based on predominant syndrome.
1. When abdominal pain is the predominant symptom
a. Modify diet when applicable

b. Medications include anticholinergics (dicyclomine,
hyoscyamine), nitrates, low-dose tricyclic antidepres-
sants (amitriptyline or nortriptyline) or smooth muscle
relaxants (effective but not available in United States).

c. Cognitive behavioral therapy appears to be as effective
as pharmacologic therapy.

2. When diarrhea is the predominant symptom
a. Change diet when applicable

b. Medications include loperamide, diphenoxylate, and
cholestyramine.

c. Alosetron is a 5-HT3 receptor antagonist that is useful
in women with diarrhea-predominant IBS.

(1) However, rare but serious complications have
occurred including bowel obstruction and ischemic
colitis.

(2) Alosetron is recommended only in women with
severe diarrhea-predominant IBS who have not
responded to other antidiarrheal therapies.

3. When constipation is the predominant symptom
a. Change in diet (fiber, psyllium)
b. Osmotic laxative: Lactulose, polyethylene glycol, or other

C. Treat underlying lactose intolerance. Such treatment in lactase
deficient individuals with IBS markedly reduces outpatient
visits.

Alternative Diagnosis: PUD
See Chapter 27, Involuntary Weight Loss.

Alternative Diagnosis: Acute Pancreatitis
(see below)

Alternative Diagnosis: Ischemic Bowel

Three distinct clinical subtypes of ischemic bowel include chronic
mesenteric ischemia (chronic small bowel ischemia), acute mesen-
teric ischemia (acute ischemia of small bowel) and ischemic colitis
(ischemia of the large bowel).

1. Chronic Mesenteric Ischemia

Textbook Presentation

Patients with chronic mesenteric ischemia typically complain of
recurrent postprandial abdominal pain (often in the first hour and
diminishing 1-2 hours later), food fear, and weight loss. Patients



often have a history of tobacco use, peripheral vascular disease or

CAD.

Disease Highlights

A. Secondary to near obstructive atherosclerotic disease of the
superior mesenteric artery (SMA) or celiac artery or both

B. Arterial stenosis results in an imbalance between intestinal oxy-
gen supply and demand that is accentuated after eating lead-
ing to intestinal angina resulting in food fear and weight loss

C. Two or more vessels (ie, SMA and celiac artery) are involved
in 91% of affected patients.

Evidence-Based Diagnosis

A. Weight loss occurs in 80% of patients and is due to food
aversion.

B. Although stenoses are common (18% of population over age
65 years), symptomatic chronic ischemia is rare, and docu-
mented stenosis does 70z confirm the diagnosis of mesenteric
ischemia. It is important to exclude more common disorders

(ie, PUD and gallstone disease).

C. Duplex ultrasonography is very sensitive (> 90%) and can be
used as the initial diagnostic tool. Normal results make the
diagnosis very unlikely.

D. CT angiography and magnetic resonance angiography have

also been used. Angiography should be considered if the
results of noninvasive testing suggest vascular obstruction.

Treatment

Revascularization (surgical repair or angioplasty [with stent]) is the
only treatment.

2. Acute Mesenteric Ischemia

Textbook Presentation

Acute mesenteric ischemia is a life-threatening condition that vir-
tually always presents with the abrupt onset of acute severe
abdominal pain that is typically out of proportion to a relatively
benign physical exam. Acute mesenteric ischemia usually occurs in
patients with risk factors of arterial thrombosis or systemic
embolization.

Disease Highlights

A. Usually due to SMA or celiac artery embolism (50%). Other
causes include thrombosis (15-25%), low flow states without
obstruction 20-30% (nonobstructive mesenteric ischemia
[NOMI]), and mesenteric venous thrombosis (5%).

1. Embolism

a. Risk factors include atrial fibrillation, acute M1, valvular
heart disease, heart failure (HF), ventricular aneurysms,
angiography of abdominal aorta, and hypercoagulable
states.

b. The onset is often sudden without prior symptoms.
2. Thrombosis

a. Usually occurs in patients with atherosclerotic disease
of the involved artery.

b. Approximately half of such patients have a prior
history of chronic mesenteric ischemia with intes-
tinal angina.
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3. Nonobstructive mesenteric ischemia

a. Often occurs in elderly patients with mesenteric ather-
osclerotic disease and superimposed hypotension (due
to MI, HE cardiopulmonary bypass, dialysis, or sepsis)

b. May also occur after cocaine use and following
endurance exercise activities (eg, marathon, cycling).

4. Mesenteric venous thrombosis is often secondary to portal
hypertension, hypercoagulable states, and intra-abdominal
inflammation.

B. Patients have acute abdominal pain that is often out of pro-
portion to their abdominal exam. If left untreated, bowel
infarction and peritoneal findings will develop.

C. Incidence: 0.1-0.3% of hospital admissions
D. Mortality is high at 30-65%.

Evidence-Based Diagnosis

A. Common presenting symptoms are abdominal pain (94%),
nausea (56%), vomiting (38%), and diarrhea (31%).

B. 50% of patients have a prior history of intestinal angina

C. The WBC is abnormal in 90% of patients and often markedly
elevated. (Mean WBC 21.4 X 109/mL)

D. Lactate level was elevated in 77-89% of patients (mean
3.3 mmol/L (normal < 2.0 mmol/L)

A normal lactate level does not rule out acute
mesenteric ischemia.

E. Plain abdominal radiographs may reveal thickening of bowel
loops or thumbprinting but are insensitive (40%).

E Doppler ultrasonography is insensitive due to distended bowel.

G. Standard CT scanning may demonstrate SMA occlusion or
findings suggesting ischemic and necrosis such as segmental
bowel wall thickening or pneumatosis but is insensitive (64%).

H. Although CT angiography and magnetic resonance angiogra-
phy have been used, direct angiography is the gold standard
and recommended.

Treatment

A. Emergent revascularization (via thromboembolectomy, throm-
bolysis, vascular bypass or angioplasty) and surgical resection
of necrotic bowel are the mainstays of therapy. Prompt surgi-
cal intervention (< 12 hours) reduces mortality compared with
delayed intervention (> 12 hours) (14% vs 75%).

B. Broad-spectrum antibiotics
C. Volume resuscitation

D. Preoperative and postoperative anticoagulation to prevent
thrombus propagation

E. For patients with NOMI, improved perfusion is paramount.

E Intra-arterial papaverine has been used to block reactive mesen-
teric arteriolar vasoconstriction and improve blood flow.

3.Ischemic Colitis

Textbook Presentation

Ischemic colitis typically presents with left-sided abdominal pain.
Patients frequently have bloody or maroon stools or diarrhea.
Profuse bleeding is unusual.
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Disease Highlights
A. Usually due to nonocclusive decrease in colonic perfusion

B. Typically involves the watershed areas of the colon, most
commonly the splenic flexure, descending colon, and rec-
tosigmoid junction

C. Precipitating events may include hypotension, MI, sepsis, or
HE but the cause is not usually identified.

D. Uncommon causes include vasculitis, hypercoagulable states,
vasoconstrictors, vascular surgery, drugs (eg, alosetron) and
long distance running or bicycling (presumably due to shunt-
ing and hypoperfusion).

Evidence-Based Diagnosis

A. Abdominal pain (not usually severe) is reported by 84% of
patients.

B. Hematochezia is a helpful diagnostic clue when present but
not diagnostic when absent. Sensitivity 46%, specificity
90.9%; LR+ 5.1, LR- 0.6

C. Diarrhea is seen in approximately 40% of patients.

D. Abdominal tenderness is common (81%), but rebound ten-
derness is rare (15%).

E. Risk factors that increase the likelihood of ischemic colitis
include age > 60 years, hemodialysis, hypertension, diabetes,
hypoalbuminemia, and medications that induce constipation.

F. Features that distinguish acute mesenteric ischemia (small
bowel) from ischemic colitis are summarized in Table 3—4.

G. Colonoscopy is the preferred test to evaluate ischemic colitis.

H. Plain radiographs rarely demonstrate free air (perforation) or
thumbprinting (specific for ischemia).

I. CT scanning may demonstrate segmental circumferential wall
thickening (which is nonspecific) or be normal.

Table 3-4. Features that distinguish ischemic colitis from
acute mesenteric ischemia.

Ischemic Colitis Acute Mesenteric Ischemia

Usually due to nonocclusive
decrease in colonic perfusion

Usually due to acute arterial
occlusion of SMA or celiac artery

Precipitating cause often
not identified

Precipitating cause typical
(ML, atrial fibrillation etc)

Patients are usually
not severely ill

Patients appear severely ill

Abdominal pain usually mild ~ Abdominal pain usually severe

Abdominal tenderness not
prominent early

Abdominal tenderness
usually present

Hematochezia uncommon
until very late

Hematochezia common

Colonoscopy procedure of

J. Vascular studies are usually normal and not indicated except

in the unusual case of isolated right-sided ischemic colitis.

Treatment

A. Therapy is primarily supportive with bowel rest, IV hydra-

B.

C.

tion, and broad-spectrum antibiotics.

Colonic infarction occurs in a small percentage of patients
(15-20%) and requires segmental resection.

Indications for surgery include peritonitis, sepsis, free air on
plain radiographs, clinical deterioration (persistent fever,

increasing leukocytosis, lactic acidosis), or strictures.

CASE RESOLUTION

N

Ms. R discussed her case with her primary care physician
and surgeon. Both agree that her symptom complex and
ultrasound suggest biliary colic. Furthermore, there was
no evidence of any of the alternative diagnoses. The nor-
mal lipase effectively rules out pancreatitis, and the
combination of no NSAIDs and a negative urea breath
test for H pylori makes PUD very unlikely. She also lacked
any risk factors for mesenteric ischemia. They recom-
mend surgery, which she schedules for the end of the
summer.

FOLLOW-UP

N

Ms. R returns 3 weeks later (and prior to her scheduled
surgery) in acute distrese. She reports that her pain
began last evening, is in the same location as her previ-
ous bouts of pain, but unlike her previous episodes, the
pain has persisted. She is very uncomfortable. She
reports that her urine has changed color and is now quite
dark, “like tea.” In addition, she complains of “teeth chat-
tering” chills. On physical exam, Ms. R is febrile (38.5°C).
Her other vital signs are stable. Sclera are anicteric and
cardiac and pulmonary exams are all completely normal.
Abdominal exam reveals moderate tenderness in the epi-
gastrium and RUQ. Murphy sign is positive.
At this point, what is the leading hypothesis,
V what are the active alternatives, and is there
¥ a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

choice, angiography not
usually indicated

Angiography indicated

MI, myocardial infarction; SMA, superior mesenteric artery.

This episode of abdominal pain raises several possibilities. The
first is that the current symptom complex is in some way related
to her known cholelithiasis. Although the persistent pain may sug-
gest cholecystitis (due to a stone lodged in the cystic duct), the



dark urine is a pivotal clinical clue, which suggests a different com-
plication. One cause of dark urine is bilirubin in the urine (biliru-
binuria). Bilirubinuria only occurs in patients with conjugated
hyperbilirubinemia which, in turn, is due to either CBD obstruc-
tion or hepatitis. In our patient, the preexistent biliary colic, per-
sistent RUQ pain, and dark urine make the most likely diagnosis
CBD obstruction due to migration of a stone into the CBD
(choledocholithiasis) (Figure 3-2). On the other hand, in patients
with cholecystitis, only the cystic duct is obstructed. The CBD
remains open and therefore cholecystitis does not cause hyper-
bilirubinemia, dark urine, or significant increases in ALT (SGPT)
or AST (SGOT). Finally, Ms. R’s fever suggests that the CBD
obstruction has been complicated by ascending infection (ascend-
ing cholangitis), a life-threatening condition (Figure 3—4).

Dark urine suggests bilirubinuria and may precede
icterus.

Rigors (defined as visible shaking or teeth chattering
chills) suggests bacteremia and should increase the
suspicion of a life-threatening bacterial infection.
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Other considerations include hepatitis or pancreatitis, which
may be caused by CBD obstruction. While hepatitis can cause
RUQ pain, hyperbilirubinemia, and bilirubinuria, it would also
require giving Ms. R. another unrelated diagnosis and is therefore

less likely. Table 3-5 lists the differential diagnosis.

&/

Laboratory results include WBC 17,000/mcL (&4%
neutrophils, 10% bands). Het is 6%, lipase 17 units/L
(nl 11-65 units/L), alkaline phosphatase 467 units/L
(nl 30-120), bilirubin 4.2 mg/dL, conjugated bilirubin
3.0 mgldL (nl O — 0.3), GGT 246 units/L (nl 6-35),
ALT, 100 units/L (nl 15-59). Ultrasound shows
sludge and stones within the gallbladder. No CBD
dilatation or CBD stone is seen. Blood cultures are
ordered and you initiate broad-spectrum IV antibiotice
(ie, piperacillin/tazobactam).

Acute episodes of RUQ
or epigastric pain

y

Short episodes
No jaundice or fever
LFTs, lipase normal

/

Persistent pain

Fever may be present
Bilirubin, LFTs,

lipase normal

/

Persistent pain

Fever may be present
Increased bilirubin,
lipase, or LFTs

Y

Consider biliary colic

Consider cholecystitis

Consider
choledocolithiasis and
ascending cholangitis or
pancreatitis if the lipase

RUQ
ultrasound

is elevated

Y

Consider
US, EUS,

MRCP, or ERCP

\

Nondiagnostic

Gallstones with
gallbladder wall

thickening or edema

)

o>

y

y

Nonvisualization

Biliary colic of gallbladder

Cholecystitis

US, ultrasound; EUS, endoscopic ultrasound; MRCP, magnetic resonance cholangiopancreatography; ERCP, endoscopic

retrograde cholangiopancreatography

Figure 3-4. Diagnostic approach: biliary disease.



36 /| CHAPTER 3

Table 3-5. Diagnostic hypotheses for Ms. R on follow-up.

Diagnostic
Hypothesis Clinical Clues Important Tests
Leading Hypothesis
Ascending Right upper quadrant Ultrasound
cholangitis or epigastric pain Endoscopic
Dark urine ultrasound
Fever ERCP
Rigors MRCP
CBC

Blood cultures

. Ch

Active Alternatives-Most Common

Acute Right upper Ultrasound

cholecystitis quadrant pain
Fever

Pancreatitis Alcohol abuse Serum lipase
Gallstones

Hepatitis Alcohol abuse Elevated ALT
Right upper and AST
quadrant pain Viral serologies
Nausea
Dark urine

ERCP, endoscopic retrograde cholangiopancreatography; MRCP, magnetic reso-
nance cholangiopancreatography.

a diagnosis of ascending cholangitis? If not,

‘ Is the clinical information sufficient to make
what other information do you need?

Leading Hypothesis: Choledocholithiasis &
Ascending Cholangitis

Textbook Presentation

Patients typically have some form of CBD obstruction (most often
from gallstones); RUQ pain, fever, and jaundice are presenting
symptoms.

Disease Highlights

A. 10-20% of patients with symptomatic gallstones have stones
within the CBD (choledocholithiasis).

B. Patients with choledocholithiasis may be asymptomatic.

C. Complications of choledocholithiasis may be the presenting
manifestations:

1. Obstruction and jaundice

2. Fever, jaundice, and leukocytosis may be present due to
ascending infection from the duodenum (ascending
cholangitis).

3. Pancreatitis

Evidence-Based Diagnosis
A. Ascending cholangitis

3

1.

. Clinical findings in patients with cholangitis include jaun-

dice, 79%; temperature > 38.0 °C, 77%; and RUQ pain,
68%. In various studies 42-75% of patients had all three
(Charcot triad).

There is leukocytosis in 73% of patients and elevated
alkaline phosphatase and bilirubin in 91% and 87%,
respectively.

74% of patients were bacteremic
oledocholithiasis

Any of the following suggests choledocholithiasis and war-
rants CBD evaluation (Table 3-6):

a. Cholangitis

b. Jaundice

c. Dilated CBD on ultrasound
d. Elevated alkaline phosphatase
e. Elevated amylase

. CBD stones are present in 5-8% of patients without any

of the aforementioned risk factors.

. Transabdominal ultrasound is noninvasive but 7ot consis-

tently sensitive for choledocholithiasis as opposed to its
performance in cholelithiasis (sensitivity 25-81%, speci-
ficity 88-91%). A dilated CBD is seen in only 25% of
patients.

. Endoscopic retrograde cholangiopancreatography (ERCP),

magnetic resonance cholangiopancreatography (MRCP),
and endoscopic ultrasound (EUS) are highly accurate in
detecting CBD stones. These techniques share high sensi-
tivity (90-100%) and specificity (90-100%).

a. ERCP

(1) Invasive procedure that allows direct cannulation
of CBD and relieves obstruction via simultaneous
stone extraction and sphincterotomy

(2) > 90% sensitive, 99% specific for diagnosis

(3) Requires sedation

(4) Complicated by pancreatitis in 1-5% of patients

(5) Preferred procedure in patients with a high pretest
probability of CBD stones particularly those with
jaundice and fever who need prompt relief of
obstruction

Table 3-6. Test characteristics for choledocholithiasis.

Finding Sensitivity Specificity LR+ LR-
Cholangitis 11% 99% 183 0.93
Jaundice 36% 97% 10.1 0.69
Dilated CBD 42% 96% 6.9 0.77
on ultrasound
Elevated alkaline 57% 86% 26 0.65
phosphatase
Elevated 11% 95% 1.5 0.99
amylase

CBD, common bile duct.

Modified, with permission, from Springer. Paul A. Diagnosis and treatment

of common bile duct stones. Surg Endosc. 1998;12:856-64.



(6) In patients less likely to have a CBD stone (ie, those
with cholelithiasis and isolated elevation in alkaline
phosphatase), a less invasive test (eg, MRCP or EUS)
is an appropriate initial study.

b. MRCP

(1) Noninvasive scan visualizes CBD and adjacent
structures

(2) Highly accurate for CBD stones: 90-100% sensi-
tive, 88-100% specific

c. EUS is both sensitive (89-98%) and specific (94-98%)
for CBD stones.

(1) One study reported that EUS was more sensitive
than ERCP (97% vs 67%).

(2) EUS can be converted to ERCP in patients dis-
covered to have CBD stones.

(3) A negative EUS or MRCP would obviate the need
for a more invasive ERCP.

d. CT scanning is only 75% sensitive for choledocholithi-
asis. Two studies suggest that multi-detector CT using
iotroxate (which is excreted in the biliary system) is
highly accurate for choledocholithiasis (85-96% sensi-
tive, 88-94% specific).

Treatment
A. 1V broad-spectrum antibiotics and IV hydration
B. Decompression of the biliary system, preferably via ERCD is vital.

1. This should be performed emergently in patients with per-
sistent pain, hypotension, altered mental status, persistent
high fever, WBC > 20,000/mcL, bilirubin > 10 mg/dL and
electively in more stable patients.

2. Transhepatic stent or surgical decompression is rarely used.
C. Cholecystectomy

MAKING A DIAGNOSIS

Neither dilation of the CBD nor CBD stone can be seen on ultra-
sound (but is only 25% sensitive). You still suspect choledo-
cholithiasis because of the jaundice and increased transaminases.

&/

Twenty-four hours later, blood cultures are positive for
Escherichia coli (consistent with ascending cholangitis).

Have you crossed a diagnostic threshold for
V the leading hypothesis, ascending cholangi-
¥ tis? Have you ruled out the active alterna-

tives? Do other tests need to be done to
exclude the alternative diagnoses?

Alternative Diagnosis: Acute Hepatitis

See Abnormal liver tests in Chapter 22, Jaundice and Abnormal
Liver Enzymes.

Alternative Diagnosis: Acute Cholecystitis

Textbook Presentation

Typical symptoms of acute cholecystitis include persistent RUQ or
epigastric pain, fever, nausea, and vomiting.
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Disease Highlights
A. Secondary to prolonged cystic duct obstruction (> 12 hours)

B. Persistent obstruction results in increasing gallbladder

inflammation and pain. Necrosis, infection, and gangrene
may occur.

C. Jaundice and marked elevation of liver enzymes are seen only

if the stone migrates into the CBD and causes obstruction.

Evidence-Based Diagnosis
A. No clinical finding is sufficiently sensitive to rule out chole-

cystitis.

1. Fever: present in 35% of patients

2. Murphy sign
a. Sensitivity, 65%; specificity, 87%
b. LR+=5.0, LR-=0.4

. Laboratory findings

1. Leukocytosis (> 10,000/mcL) is present in 63% of
patients.

2. Cholecystitis does nor typically cause significant increases
in lipase or LFTs. Such findings suggest complications of
pancreatitis and choledocholithiasis.

. Ultrasound

1. Findings that suggest acute cholecystitis include gall-
stones with gallbladder wall thickening, pericholecystic
fluid, sonographic Murphy sign, or gallbladder enlarge-
ment > 5 cm

2. Sensitivity, 88%; specificity, 80%

3. LR+, 4.4; LR-, 0.15

. Cholescintigraphy (HIDA) scans

1. Radioisotope is excreted by the liver into the biliary sys-
tem. In normal patients, the gallbladder concentrates the
isotope and is visualized.

2. Nonvisualization of the gallbladder suggests cystic duct
obstruction and is highly specific for acute cholecystitis
(97% sensitive, 90% specific).

3. Nonvisualization can also be seen in prolonged fasting,
hepatitis, and alcohol abuse.

4. Useful when the pretest probability is high and the ultra-
sound is nondiagnostic (ie, the ultrasound demonstrates
stones within the gallbladder) but no clear evidence of
cholecystitis is seen (eg, no stones within the cystic duct
nor evidence of gallbladder wall thickening or perichole-
cystic fluid).

5. Visualization of the gallbladder essentially excludes acute
cholecystitis.

. Ultrasound is the test of choice for following reasons:

1. Less expensive
2. Faster
3. Avoids radiation

4. Can image adjacent organs

F. If ultrasound is normal, consider HIDA.

G. An algorithm to the diagnosis is shown in Figure 3—4.

Treatment

Patients with acute cholecystitis should be admitted, administered
parenteral antibiotics, and undergo cholecystectomy.
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Alternative Diagnosis: Acute Pancreatitis

Textbook Presentation

Patients with acute pancreatitis often complain of a constant and
boring abdominal pain of moderate to severe intensity that devel-
ops in the epigastrium and may radiate to the back. Associated
symptoms may include nausea, vomiting, low-grade fever, and
abdominal distention.

Disease Highlights

A. Etiology
1. Alcohol abuse (typically binge drinking) and choledo-

cholithiasis cause 80% of acute pancreatitis cases.

2. 15-25% of cases are idiopathic (67% of patients with
idiopathic pancreatitis were found to have small gallstones

at ERCP)
. Post ERCP

4. Drugs commonly associated with pancreatitis include aza-
thioprine, didanosine (DDI), estrogens, furosemide,
hydrochlorothiazide, L-asparaginase, metronidazole, opi-
oids, pentamidine, sulfonamides, corticosteroids, tamox-
ifen, tetracycline, valproate, and many others.

»

5. Less common causes include trauma, marked hyper-
triglyceridemia (> 1000 mg/dL), hypercalcemia, ischemia,
HIV infection, other infection, trauma, pancreatic carci-
noma, pancreatic divisum and organ transplantation.

6. Regardless of the inciting event, trypsinogen is activated to
trypsin, which activates other pancreatic enzymes resulting
in pancreatic autodigestion and inflammation (which may
become systemic and lethal). Interleukins contribute to
the inflammation.

B. Complications may be local or systemic. Severe, potentially
fatal pancreatitis develops in about 20% of patients.

1. Local complications
a. Pancreatic pseudocyst
b. Pancreatic necrosis
c. Infections
(1) Infected pancreatic pseudocyst (abscess)
(2) Infected pancreatic necrosis

(3) Ascending cholangitis (in patients with gallstone-
associated pancreatitis)

2. Systemic complications

a. Hyperglycemia

b. Hypocalcemia

c. Acute respiratory distress syndrome

d. Acute renal failure

e. Disseminated intravascular coagulation
3. Death

a. Usually occurs in patients with infected pancreatic
necrosis and in patients in whom multiple organ dys-
function develops.

b. Several predictive scores have been developed including
the Ranson criteria and Apache II score. These are
fairly complex to use.

c. Hemoconcentration (Het = 50%) on admission pre-
dicts severe pancreatitis; LR+ 7.5 (vs 0.4 for patients

with Het (45%).

d. C-reactive protein > 150 mg/L at 48 hours can also
predict severe pancreatitis; sensitivity 85%, specificity
74%; LR+ 3.2, LR- 0.2

Evidence-Based Diagnosis
A. History and physical

1. Low-grade fevers (< 38.3°C) are common (60%).

2. Pain may radiate to the back (50%) and may be exacer-
bated in the supine position.

3. Nausea and vomiting are usually present (75%).

4. Rebound is rare on presentation; guarding is common
(50%).

5. Periumbilical bruising (Cullen sign) is rare.

6. Flank bruising (Turner sign) is rare.

. Laboratory studies

1. Lipase
a. 94% sensitive, 96% specific; LR+ = 23, LR- = .06
b. Remains elevated longer than serum amylase

c. Marked elevations suggest pancreatitis secondary to
gallstones.

2. Amylase
a. Less sensitive and specific than lipase

b. Should not be routinely ordered if lipase available
3. LFTs

a. Useful in detecting gallstone-associated pancreatitis
(GAP); patients with GAP have high risk of recurrent
pancreatitis and require cholecystectomy.

b. Studies suggest that significant elevations of the biliru-
bin, alkaline phosphatase, ALT, or AST predict GAP.
(These enzymes increase due to concomitant obstruc-
tion of the CBD.)

(1) ALT or AST elevations > 100 suggest GAP (sensi-
tivity = 55%, specificity = 93%; LR+ 8-9)

(2) AST levels < 50 make GAP unlikely. (sensitivity
90%, specificity 68%; LR— 0.15)

(3) 10% of patients with GAP have normal levels of
alkaline phosphatase, bilirubin, AST, and ALT.

4. Plain radiography is useful to rule out free air or SBO.

5. Imaging: A variety of imaging techniques can be used in
patients with acute pancreatitis.

a. Transabdominal ultrasound is noninvasive and should
be performed in 4// patients with pancreatitis to deter-
mine if they have gallstones or CBD dilatation sug-
gesting GAP.

b. CT scanning is 87-90% sensitive and 90-92% specific
for the diagnosis of acute pancreatitis but insensitive
for determining whether or not patients have GAP.

(1) Should be performed when the diagnosis is unclear
or complications are suspected (pseudocysts or
pancreatic necrosis)

(2) Pancreatic necrosis should be suspected in patients
with severe pancreatitis, when signs of sepsis are
present, and in patients in patients who do not
improve in the first 72 hours.

(3) IV contrast is required to demonstrate necrosis.
c. Detecting GAP



(1) Neither transabdominal ultrasound nor CT are B.
sensitive at detecting choledocholithiasis (21% and
40% respectively).

(2) MRCP is highly accurate for choledocholithiasis
(80-94% sensitive) as are EUS and ERCP (= 98%

sensitive)

(3) ERCP can relieve CBD obstruction and is recom-
mended in patients with persistent obstruction or
cholangitis. Some authorities also recommend
ERCP for patients with severe pancreatitis. ERCP H
can precipitate pancreatitis and is therefore not rec-
ommended for a// patients with GAP. ERCP with
sphincterotomy can be therapeutic but is invasive.

OmmETO

(4) Figure 3-5 outlines an approach to GAD.

Treatment

A. Vital signs, orthostatic BPs, and urinary output should be
carefully monitored to assess intravascular volume.
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IV fluid is critical to maintain appropriate BP and urinary

output (> 0.5 mL/kg/h)

. No oral intake
. Parenteral pain medication

. Nasogastric (NG) tube if recurrent vomiting

ICU admission for severe pancreatitis

. Prophylactic antibiotics for patients with pancreatic necrosis

are controversial.

. If infection is suspected (due to increasing fever, leukocytosis

or deterioration) evaluate with fine-needle aspiration and cul-
ture. If infection is confirmed, broad-spectrum antibiotics
should be administered and surgical debridement considered.

I. ERCP and sphincterotomy (see above)
. Patients with GAP are at high risk for recurrent pancreatitis

(=30%), cholangitis, and biliary colic. Cholecystectomy
should be performed after recovery and prior to discharge to
prevent recurrences. Intraoperative cholangiogram or ERCP
is required to ensure that the CBD is clear of stones.

Acute pancreatitis

/

History: alcohol use, biliary colic
Transabdominal ultrasound

Enzymes: Lipase, AST, ALT, alkaline phosphatase, bilirubin

Cholangitis,

Biliary obstruction or
Severe GAP

Urgent ERCP with
sphincterotomy

or ERCP

/ / / /
e . U/S normal U/S normal, ALT normal,
U/S shows cholelithiasis U/S shows dilated CBD Elevated ALT or AST Alcohol abuse
Y Y Y
GAP Likely GAP Alcoholic pancreatitis
Y
Consider
EUS or MRCP
(+)
Y
Conservative management

| Elective cholecystectomy with intraperative cholangiogram

Figure 3-5. Evaluation of pancreatitis.
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K. Alcohol abstinence

L. Enteral feeding via nasoenteric feeding tubes, preferably
placed in the jejunum, is recommended in patients with
severe or complicated pancreatitis.

Alternative Diagnosis: Chronic Pancreatitis
See Chapter 27, Involuntary Weight Loss.

CASE RESOLUTION

&/

An ERCF demonstrates multiple small stones within the
CBD, which are extracted. Ms. R underwent cholecystec-
tomy and recovered without incident.

CHIEF COMPLAINT

PATIENT W

Mr. J is a ©3-year-old man with severe abdominal pain for
48 hours. The pain is periumbilical with eevere crampy
exacerbations that last for several minutes and then
subside. He notes loud intestinal noises (borborygmi)
during the periods of increased pain. The pain is associ-
ated with nausea and vomiting. He reports decreased
appetite with no oral intake in the last 46 hours.

what are the active alternatives, and is there
a must not miss diagnhosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

‘ At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Mr. J’s severe crampy abdominal pain suggests some type of vis-
ceral obstruction. The syndromes associated with pain of this
quality include ureteral obstruction secondary to kidney stones,
biliary obstruction, or intestinal obstruction (large or small
bowel). The associated nausea and vomiting can be seen with any
of those diseases. However, the loud intestinal sounds associated
with exacerbations of the pain suggest some form of intestinal
obstruction. In addition, the periumbilical location is more sug-
gestive of intestinal obstruction than renal or biliary colic.

Table 3-7 lists the differential diagnoses for Mr. J.

7

Three weeks ago, Mr. J noted a small amount of blood on
the stool. He reports no other change in bowel habits
until 4 days ago. Since that time, he has been consti-
pated and has not passed stool or flatus. He has no
prior history of intra-abdominal surgeries, hernias, or
diverticulitie. He reports no history of flank pain, groin
pain, or hematuria. He has no history of gallstones and
has not noticed any tea-colored urine. On physical exam,
he is intermittently very uncomfortable with episodes of
severe diffuse cramping pain. Vital signs reveal orthosta-
tic hypotension: supine BF, 110/75 mm Hg; pulse, 90 bpm;
upright BF, 85/50 mm Hg; pulse, 125 bpm; temperature,
37.0°C; RR, 18 breaths per minute. He is anicteric.

Table 3-7. Diagnostic hypotheses for Mr. J.

Diagnostic
Hypothesis Clinical Clues Important Tests
Leading Hypothesis
Bowel Inability to pass stool Abdominal
obstruction or flatus radiographs
Nausea, vomiting CT scan
Prior abdominal surgery
or altered bowel habits,
Hematochezia,
Abdominal distention,
hyperactive bowel
sounds (with tinkling)
or hypoactive bowel
sounds
Prior abdominal surgery
Active Alternatives—Most Common
Biliary colic Episodic, crampy pain Ultrasound
Dark urine
Renal colic Flank or groin pain Urinalysis

Hematuria Renal CT scan

Cardiac and lung exams are unremarkable. Abdominal
exam reveals prominent distention. Bowel sounds show
intermittent rushes. He has mild diffuse tenderness to
exam without rebound or guarding. Stool is brown and
heme positive.

The constipation, absence of flatus, abdominal distention, and
rushing bowel sounds further increase the suspicion of bowel
obstruction. Most small bowel obstructions (SBO) are due to
adhesions from prior surgery. Mr. J’s negative surgical history
makes this unlikely. However, the hematochezia raises the possi-
bility of a malignant obstruction. The orthostatic hypotension
suggests significant dehydration.

Laboratory findings are WBC 10,000/mclL (70% neu-
trophils, O% bands); Het, 41%. Electrolytes: Na, 141; K,
3.0; HCO5, 32; Cl, 99; BUN, 45; Creatinine 1.0 mg/dL. An
abdominal upright radiograph is shown Figure 3—0.



Figure 3-6. Plain radiography reveals grossly distended
ascending colon, multiple air-fluid levels and an abrupt termina-
tion of air in the transverse colon (arrow) suggestive of large
bowel obstruction.

Is the clinical information sufficient to make
a diagnosis? If not, what other information
do you need?

W

Leading Hypothesis: Large Bowel
Obstruction (LBO)

Textbook Presentation

Bowel obstructions present with severe crampy abdominal pain
that is accentuated in waves, which the patient finds incapacitat-
ing. Vomiting is common. The pain is often diffuse and poorly
localized. Initially, the patient may have several bowel movements
as the bowel distal to the obstruction is emptied. Bowel sounds are
hyperactive early in the course. Abdominal distention is often
present. (Distention is less marked in proximal SBOs.) At first, the
pain is intermittent; later, the pain often becomes more constant,
bowel sounds may diminish and become absent, constipation pro-
gresses and the patient becomes unable to pass flatus. If bowel
infarction occurs, peritoneal findings may be seen.

In patients with abdominal pain, the absence of
bowel movements or flatus suggests bowel
obstruction.

Disease Highlights

Etiology and related prevalence is as follows:

Cancer, 53%
Sigmoid or cecal volvulus, 17%
Diverticular disease, 12%

Extrinsic compression from metastatic cancer, 6%

Other, 12% (adhesions rarely cause LBO)

hANESEN
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Table 3-8. Test characteristics for predicting bowel
obstruction.

Finding Sensitivity  Specificity LR+ LR-
Visible peristalsis 6% 99.7% 20 0.94
Prior abdominal surgery 69% 94% 115 033
Constipation 44% 95% 8.8 0.59
Abdominal distention 63% 89% 57 042
Increased bowel sounds 40% 89% 36 067
Reduced bowel sounds 23% 93% 33 083
Colicky pain 31% 89% 28 078
Vomiting 75% 65% 2.1 0.38

LR, likelihood ratio.

Modified, with permission, from Taylor & Francis Ltd. Bohmer H. Simple
Data from History and Physical Examination Help to Exclude Bowel Obstruc-
tion and to Avoid Radiographic Studies in Patients with Acute Abdominal
Pain. http://www.tandf.co.UK/journals.

Evidence-Based Diagnosis
A. History and physical exam (Table 3-8)
1. None of the expected clinical findings are very sensitive
a. Vomiting, 75%
b. Abdominal distention, 63%
2. Certain findings are fairly specific
a. Constipation, 95%; LR+, 8.8
b. Prior abdominal surgery, 94%; LR+, 11.5
c. Abdominal distention, 89%; LR+, 5.7

3. Certain combinations are insensitive (27-48%) but highly
specific.

a. Distention associated with any of the following highly
suggestive (LR+ = 10): increased bowel sounds, vomit-
ing, constipation, or prior surgery

b. Increased bowel sounds with prior surgery or vomiting
also very suggestive of obstruction (LR+ of 11 and 8,
respectively)

B. A CBC and electrolytes should be obtained: Anion gap acido-

sis suggests bowel infarction or sepsis.

Marked leukocytosis, left shift or anion gap acido-
sis in a patient with bowel obstruction is a /ate find-
ing and suggests bowel infarction.

C. Plain radiography may show air-fluid levels and distention of
large bowel (> 6 cm).

1. 84% sensitive, 72% specific for presence of LBO (not
etiology)

2. Small bowel distention also occurs if ileocecal valve is
incompetent.

D. Barium enema (water soluble) or colonoscopy
1. Barium enema is highly accurate for LBO.


http://www.tandf.co.UK/journals

42 | CHAPTER 3

a. 96% sensitive, 98% specific
b. LR+ 48, LR- 0.04
2. Can determine etiology preoperatively (if patient stable)

3. Can exclude acute colonic pseudo-obstruction (distention
of the cecum and colon without mechanical obstruction)

4. Colonoscopy can decompress pseudo-obstruction and
prevent cecal perforation.

E. CT scan is also accurate in the diagnosis of LBO.
1. 91% sensitive, 91% specific
2. LR+ 10.1, LR- 0.1

Treatment of LBO

A. Aggressive rehydration and monitoring of urinary output is
vital.

B. Broad-spectrum antibiotics advised: 39% of patients have
microorganisms in the mesenteric nodes

C. Surgery

D. For patients with sigmoid volvulus, and no evidence of infarc-
tion, sigmoidoscopy allows decompression and elective sur-
gery at a later date to prevent recurrence.

1. Emergent indications: perforation or ischemia

2. Nonemergent indications: increasing distention, failure to
resolve

MAKING A DIAGNOSIS

N

After reviewing the plain films, you order a barium enema.

Have you crossed a diagnostic threshold for
V the leading hypothesis, large bowel obstruc-
v tion? Have you ruled out the active alterna-

tives? Do other tests need to be done to
exclude the alternative diagnoses?

Alternative Diagnosis: SBO

Textbook Presentation

The presentation is similar to that for LBO with the exception
that more patients have a history of prior abdominal surgery.

Disease Highlights
A. Bowel obstruction accounts for 4% of patients with abdomi-
nal pain.
B. SBO accounts for 80% of all bowel obstructions.
C. Edology
1. Adhesions present in 70% of cases
a. Usually postsurgical
b. 93% of patients with prior abdominal surgery have
adhesions

c. Up to 14% of patients with prior surgery require read-
mission for adhesions over the next 10 years.

2. Malignant tumor 10-20%; usually metastatic. 39% of
SBOs in patients with a prior malignancy are due to adhe-
sions or benign causes.

. Hernia (ventral, inguinal, or internal) 10%
. IBD (with stricture) 5%
. Radiation

SN N W

. Less common causes of SBO include gallstones, bezoars,
and intussusception.

D. SBOs may be partial or complete.

1. Complete SBO
a. 20-40% progress to strangulation and infarction

b. Clinical signs do nor allow for identification of stran-
gulation prior to infarction: Fever, leukocytosis, and
metabolic acidosis are late signs of strangulation and
suggest infarction.

¢. 50-75% of patients admitted for SBO require surgery

2. Partial SBO
a. Rarely progresses to strangulation or infarction

b. Characterized by continuing ability to pass stool or fla-
tus (> 6-12 hours after symptom onset) or passage of
contrast into cecum

c. Resolves spontaneously (without surgery) in 60-85%
of patients

d. Enteroclysis (an air-contrast study of the small bowel)
is test of choice.

e. CT scan only 48% sensitive for partial SBO

Evidence-Based Diagnosis

A. Ideally, tests for SBO should identify obstruction and
ischemia or infarction, if present (since ischemia and infarc-
tion are indications for emergent surgery rather than further
observation.) Unfortunately, even tests that successfully pre-
dict SBO do not reliably determine whether there is ischemia
and infarction.

B. See test characteristics of history and physical exam under

LBO.

C. WBC may be normal even in presence of ischemia.

D. Plain radiographs may show > two air-fluid levels or dilated

loops of bowel proximal to obstruction (> 2.5 cm diameter of
small bowel).

1. Sensitivity for obstruction 59-93%, specificity 83%
2. Rarely determines etiology

3. Complete obstruction is unlikely in patients with air in
the colon or rectum

E. Ultrasound is seldom used for this indication but may be use-
ful in pregnant patients.
E. CT scanning
1. Moderately sensitive at determining high-grade obstruc-
tion (80-93%).

a. Obstruction is suggested by a transition point between
bowel proximal to the obstruction, which is dilated,
and bowel distal to the obstruction, which is collapsed.

b. CT scanning should be performed prior to NG suction,
which may decompress the proximal small bowel and
thereby decreases the sensitivity of the CT scan for SBO.

2. May delineate etiology of obstruction



3. Test of choice to diagnose SBO (not ischemia)

4. Not reliably sensitive at determining the presence of
ischemia and infarction (and the need for immediate sur-
gery). Different studies have reported sensitivities ranging
from 15% to 100% (specificity 85-94%).

The absence of CT signs of ischemia in patients
with SBO does not in fact rule out ischemia.

G. Small bowel series

1. Accurate in the diagnosis of SBO and useful to predict
nonoperative resolution; 45-96% sensitive, 92-96% spe-
cific. (Spontaneous resolution likely in patients in whom
contrast reaches the colon)

2. Unlike CT scanning, small bowel series cannot delineate
etiology of SBO or demonstrate ischemic changes.

3. Typically used when CT scanning not diagnostic and con-
cern for SBO remains

4. Water-soluble contrast and barium have been used

a. Barium is superior because it is not diluted by intralu-
minal water.

b. Barium can become inspissated in the colon and is con-
traindicated in LBO.

Treatment
A. Fluid resuscitation

1. Intravascular dehydration is often prominent due to
decreased oral intake, vomiting, and third spacing of fluid
within the bowel.

2. Monitor urinary output carefully.
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B. Careful, frequent observation and repeated physical exam
over the first 12-24 hours

C. NG suction

D. Broad-spectrum antibiotics (59% of patients have bacterial
translocation to mesenteric lymph nodes)

E. Frequent plain radiographs and CBC
F. Indications for surgery include any of the following

1. Signs of ischemia (increased pain, fever, tenderness, peri-
toneal findings, acidosis, or worsening leukocytosis)

. CT findings of infarction
. SBO secondary to hernia
. SBO clearly not secondary to adhesion (no prior surgery)

U NN

. Some clinicians recommend surgery when bowel obstruc-
tion fails to resolve in 24 hours. Others suggest a small
bowel study.

CASE RESOLUTION

The barium enema reveals an obstructive apple core
lesion in the sigmoid colon suggestive of carcinoma of the
colon. Mr. J underwent surgical exploration, which con-
firmed an obstructing colonic mass. The mass was
resected and a colostomy created. Fathologic evaluation
revealed adenocarcinoma of the colon.

CHIEF COMPLAINT

PATIENT W

Mr. L is a ©5-year-old man who arrives in the emergency
department complaining of 1 hour of excruciating constant
abdominal pain radiating to his flank. He has suffered 1
episode of vomiting and feels light headed. The emesis was
yellow. He has moved his bowels once this morning. There is
no change in his bowel habits, melena, or hematochezia.
Nothing seems to make the pain better or worse. He was
without any pain until this morning. His past medical his-
tory is remarkable for hypertension and tobacco use. On
physical exam, he is diaphoretic and in obvious acute dis-
trese. Vital signs are BF, 10/65 mm Hg; pulee, 90 bpm;
temperature, 37.0°C; RR, 20 breaths per minute. HEENT,
cardiac, and pulmonary exams are all within normal limits.
Abdominal exam reveals moderate diffuse tenderness,
without rebound or guarding. Bowel sounds are present and
hypoactive. Stool is guaiac negative.

what are the active alternatives, and is there a
must not miss diagnosis? Given this differen-
tial diagnosis, what tests should be ordered?

‘ At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Given Mr. Ls extreme distress, life-threatening diagnoses must be
considered carefully. The location of the pain is not terribly help-
ful in this case although the radiation of the pain to the flank raises
the possibilities of renal colic, biliary colic, pancreatitis, or AAA.
Clearly, AAA is a must not miss diagnosis. The acuity of the pain
is consistent with renal colic, biliary colic, pancreatitis, AAA, or
bowel obstruction (although the rapidity is somewhat unusual for
bowel obstruction). Diverticular rupture can result in severe sud-
den onset of pain, although the pain is more often in the left lower
quadrant (LLQ) than diffuse. PUD rarely causes such severe pain
unless associated with perforation, and the abdominal exam does
not suggest peritonitis.

Table 3-9 lists the differential diagnoses for Mr. L.

7

Mr. L has no history of renal stones or hematuria, gall-
stones, dark urine, or light stools. He has never had this
pain before. He does not drink alcohol. On reexamination,
orthostatic maneuvers reveal profound orthostatic
hypotension. Supine BF and pulse were 110/65 mm Hg
and 90 bpm. Upon standing his BF falls to 65/40 mm Hg
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Table 3-9. Diagnostic hypotheses for Mr. L.

Diagnostic

Hypotheses Clinical Clues Important Tests

Leading Hypothesis

Renal colic Flank pain Urinalysis
Radiation to groin Renal CT
Hematuria
Costovertebral angle
tenderness

Active Alternatives—Most Common

Biliary colic Episodic, crampy pain Ultrasound
Dark urine

Diverticulitis Left lower quadrant CT scan
pain (usually)
Diarrhea
Fever

Pancreatitis Alcohol abuse Serum lipase
Gallstones

Active Alternatives—Must Not Miss

AAA Orthostatic hypotension Abdominal
Pulsatile abdominal mass CT scan

Decreased lower extremity
pulses

with a pulse of 140 bpm. He remains afebrile. Again, you
find that he lacks rebound or guarding and is not partic-
ularly tender in the LLQ. He has moderate flank and back
tenderness to percussion. His abdominal aorta cannot
be palpated due to his abdominal girth. Lower extremity
pulses are intact. Flain abdominal radiographs do not
demonstrate free air.

Is the clinical information sufficient to make
‘ a diaghosis? If not, what other information
v

do you need?

The most dramatic and important physical finding is the presence
of profound orthostatic hypotension. This suggests significant
intravascular depletion and is a pivotal clinical clue. It is unlikely
that dehydration is responsible for the profound orthostasis given
the absence of significant emesis, diarrhea, or prolonged period of
no oral intake. Therefore, the profound orthostasis suggests acute
blood loss; either within the GI tract or intra-peritoneal hemor-
rthage. Large volume GI hemorrhage always exits the bowel
quickly resulting in either hematemesis, melena, or hematochezia
and is rarely subtle. Therefore, you are more concerned about
intra-peritoneal hemorrhage. Causes of massive intra-peritoneal
hemorrhage include rupture of an AAA, splenic rupture, or rup-
ture of an ectopic pregnancy. The patient’s history is most sugges-
tive of AAA rupture. You revise your leading diagnosis to AAA
rupture. You call for a stat vascular surgery consult.

Orthostatic hypotension is always important. It signif-
icantly influences the differential diagnosis and the
diagnostic and management decisions, and it may be
marked despite a normal supine BP and pulse.

Leading Hypothesis: AAA

Textbook Presentation

Classically, patients are men with a history of hypertension who
have the triad of severe abdominal pain, a pulsatile abdominal
mass, and hypotension.

Disease Highlights
A. 10,000 deaths per year in United States

B. Misdiagnosis (most commonly renal colic) occurs in 16% of
cases.

C. Subtypes of AAA

1. Asymptomatic: Rupture rates rise as aneurysm increases in
diameter

a. AAA 5.5-6.5 cm: 10%/y
b. AAA 6.5-7.0 cm: 20%/y
c. AAA > 7 cm: 30%l/y

2. Ruptured

a. Hypotension is a late finding, and palpable mass is
often not present.

. Mortality with rupture is 70-90%.
Syncope may be present.

. Patient may live for days if rupture is contained.

o oo o

Rupture into the duodenum is a rare complication, is
more common in patients with prior AAA graft, and
may result in GI bleeding over weeks.
3. Symptomatic, contained
a. Although rarely considered, some patients present non-
emergently with symptomatic contained rupture of the
abdominal aorta. Symptoms are primarily secondary to
retroperitoneal hemorrhage and are occasionally pres-
ent for weeks or even months.
b. Manifestations include

(1) Abdominal pain 83%

(2) Flank or back pain 61%

(3) Syncope 26%

(4) Abdominal mass on careful exam 52% (only 18%
had abdominal mass noted on routine abdominal
exam)

(5) Hypotension or orthostasis 48%

(6) Leukocytosis (> 11,000/mcL) 70%

(7) Anemia (unusual)

4. Inflammatory AAA
a. Comprise about 5-10% of AAAs and usually occurs at

a slightly younger age.

b. Distinguishing characteristic is marked inflammation
of aortic adventia

c. Back pain or abdominal pain is usual presentation
(80% of patients); rupture is rarely presenting manifes-
tation.

d. Symptoms of inflammation (fever, weight loss) present
in 20-50% of patients)

e. Erythrocyte sedimentation rate elevated in 40-90% of
cases.

f. CT or MRI reveal the aneurysm and marked thickening
of the aortic wall. Periaortic fat stranding may be seen.



g. Therapy includes smoking cessation and repair of
aneurysms = 5.5 cm. Immunosuppressants (ie, corti-
costeroids) have been used.

D. Risk factors

1.

Smoking is the most significant risk factor (OR 5).

5.
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b. For AAA 4.0-5.4 cm, monitor every 6 months with
ultrasonography. One report suggested increasing the
frequency to every 3 months in patients with aneurysms
25.0 cm.

Medical management includes smoking cessation, statin

Men are affected 4 to 5 times more often than women.
Family history of AAA (OR 4.3)

Increased age

Hypertension (OR 1.2)

RANESER

Evidence-Based Diagnosis
A. Physical exam is not sufficiently sensitive to rule out AAA.
B. Bruits do not contribute to diagnosis.

C. Sensitivity of focused exam for asymptomatic AAA is poor
overall (39%) and only 76% among patients with large AAA
(=5 cm.) The sensitivity of the physical exam is less in obese
patients.

D. Sensitivity of abdominal exam in sympromatic AAA

therapy, and blood pressure control.

MAKING A DIAGNOSIS

Further evaluation at this point depends on the index of
suspicion. If AAA is very likely and the patient is unsta-
ble, many vascular surgeons proceed directly to the oper-
ating room without further studies in order to avoid the
potential lethal delay of obtaining a CT scan. Bedside
ultrasonography is a useful option if available. If AAA is
less likely and the patient is stable, CT scanning is appro-
priate.

1. Abdominal pain, distention, and rupture all limit sensitivity.

2.
3.

\'g

Distention was reported in 52-100% in different series.

Palpable mass was found in 18%.

A palpable mass is unusual in patients with a rup-
tured AAA.

E. Laboratory and radiologic tests

1.

2.

Bedside emergency ultrasound has been demonstrated to be
highly accurate; sensitivity 96—-100%, specificity 98-100%.
For screening, ultrasound is preferred; sensitivity 95%,

specificity 100%.

. Preoperative evaluation prior to repair of asymptomatic AAA

may include CT scanning, CT angiography, or aortography.

Treatment

A. For ruptured AAA, proceed directly to the operating room.

B. Asymptomatic AAA

1.

Screening men aged 65-75 years with one-time ultra-
sound has been demonstrated to reduce mortality and be
cost effective.

. Although the relative risk reduction was 43%, the absolute

reduction in AAA mortality is small (0.14%).

. Operative mortality for elective repair was 3.1-4.6% and

substantial operative morbidity occurs in 32% of patients.

. The United States Preventive Services Task Force (USP-

STF) recommends one-time screening with ultrasound for
AAA in men 65 to 75 years old who have ever smoked
cigarettes.

a. Repair is recommended when an aneurysm is 2 5.5 cm
diameter or is tender or has increased in size by > 1 cm
in 1 year.

(1) Options include open surgical repair versus
endovascular stent placement.

(2) 30-day mortality is lower with stent placement
than open repair (1.7 vs 4.7%) but reinterventions
are more common with stent placement.

\Vig

v out the active alternatives? Do other tests

Have you crossed a diagnostic threshold for
the leading hypothesis, AAA? Have you ruled

need to be done to exclude the alternative
diaghoses?

Alternative Diagnosis: Nephrolithiasis

Textbook Presentation

Patients typically experience rapid onset of excruciating back and
flank pain, which may radiate to the abdomen or groin. The
intensity of the pain is often dramatic as patients writhe and move
about constantly in an unsuccessful attempt to get comfortable.
The pain may be associated with nausea, vomiting, or dysuria.

\'g

Abdominal tenderness is unusual in patients with
nephrolithiasis and should raise the possibility of
other diagnoses.

Disease Highlights

A. Incidence: Symptomatic stones develop in 5% of people in
the United States

1.
2.
3.

50% recurrence at 10 years
Men affected 2 to 3 times more often than women
Positive family history (RR 2.6)

B. Etiology

BN =

5.

Caoxalate stones 75%

Calcium phosphate stones (CAPO4) 5%
Uric acid stones 5-10%

Struvite stones (MgNH4PO4) 5-15%

Other: cystine and indinavir stones

C. Pathophysiology

1.

Stones form when the concentration of salts (ie, calcium,
oxalate, or uric acid) becomes supersaturated in the urine
resulting in precipitation and crystallization.
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2. Supersaturation is secondary to a combination of increased
urinary salt excretion combined with inadequate diluting
urinary volume. Numerous mechanisms can contribute to
an increase in urinary mineral excretion including:

a. Calcium: idiopathic hypercalcuria, primary hyper-
parathyroidism, immobilization, excessive sodium
intake (which increases calcium excretion), systemic
acidosis, hypocitraturia (a factor in 20-60% of calcium
stones), and excessive vitamin D supplementation

b. Uric acid: Excessive dietary purines, myeloproliferative
disorders, uricosuric agents (for the treatment of gout),
and metabolic syndrome. Low urine pH also con-
tributes to uric acid stone formation. Hyperuricosuria
can lead to uric acid stones or calcium stones due to
heterogeneous ossification.

c. Oxalate: Causes include excessive dietary oxalates
(thubarb, spinach, chocolate, nuts, vitamin C) and
increased oxalate absorption (fat malabsorption com-
plexes calcium and leads to increased oxalate absorp-
tion and excretion).

3. In some patients, a decrease in urinary stone inhibitors
(urinary citrate) also contribute to stone formation.

4. Infection with urea splitting organisms (ie, Proteus) plays a
key role in the formation of struvite stones (MgNH4PO4).

5. Renal colic develops when stones dislodge from the kidney
and obstruct urinary flow.

. Complications

1. Ureteral obstruction
2. Pyelonephritis

3. Sepsis

4. Renal failure is rare, occurring in patients with bilateral
obstruction or obstruction of a solitary functioning kidney.

Evidence-Based Diagnosis
A. The evaluation is directed at establishing the diagnosis of

nephrolithiasis and its underlying etiology so that measures to
prevent its recurrence can be implemented.

. Establishing the diagnosis
1. Hematuria is present in 80% of patients, LR— is 0.57.

The absence of hematuria does not rule out
nephrolithiasis.

2. Radiographs (kidneys, ureters, bladder [KUB]) or ultra-
sound are not sufficiently sensitive to rule out nephrolithi-
asis (sensitivity 29-68% and 32-57%, respectively).

3. Noncontrast helical renal CT is the test of choice.

a. Sensitivity 95%; specificity 98%
b. LR+, 48; LR—, 0.05

c. Importantly, CT scan revealed alternative diagnoses in
33% of patients clinically diagnosed with a first episode
of nephrolithiasis.

. Evaluation of documented nephrolithiasis

1. All patients should have a urinalysis and culture and basic
serum chemistries, including several measurements of
serum calcium.

2. A more comprehensive evaluation, including several 24-
hour urine specimens for analysis of calcium, oxalate, uric
acid, sodium, creatinine and citrate as well as submission
of retrieved stones for chemical analysis, is recommended
for patients with recurrent stones. Some experts recom-
mend this for patients with their first stone.

Treatment
A. Pain control
1. NSAIDS
a. Treat pain and diminish spasm
b. Create less dependence than opioids

c. To be avoided 3 days before lithotripsy due to antiplatelet
effects

2. Opioids
B. Hydration (oral if tolerated, otherwise IV)
C. Sepsis or renal failure

1. Necessitate emergent drainage (via percutaneous nephros-
tomy tube or ureteral stent)

2. For sepsis, broad-spectrum IV antibiotics to cover gram-neg-
ative organisms and enterococcus should be administered

D. Stone passage

1. Nifedipine and tamsulosin have been demonstrated to sig-
nificantly increase the likelihood of stone passage by 65%.

2. Lithotripsy or ureteroscopy are used to remove persistent
ureteral stones.

E. Secondary prevention
1

General measures include increasing fluid intake (= 2 L/d),
and moderating sodium and protein intake.

2. More specific management (ie, dietary modification) is
complex and depends on the underlying etiology of the
patient’s nephrolithiasis.

3. Thiazide diuretics decrease urinary calcium excretion (espe-
cially when combined with potassium supplementation)
and can be useful in patients with recurrent nephrolithiasis
and hypercalciuria.

4. Allopurinol can be useful in patients with nephrolithiasis
and hyperuricosuria.

Alternative Diagnosis: Diverticulitis

Textbook Presentation

Patients typically complain of a constant gradually increasing LLQ
abdominal pain, usually present for several days. Fever and diar-
rhea or constipation are often present. Guarding and rebound may
be seen.

Disease Highlights

A. Diverticula are outpouchings of the colonic wall that may be
asymptomatic (diverticulosis), become inflamed (diverticuli-
tis), or hemorrhage.

B. Diverticulosis

1. Develops in 5-10% of patients aged > 45 years, 50% in
persons aged > 60 years, and 80% in those aged > 85 years.
2. Low-fiber diets are believed to cause diverticula by decreas-

ing stool bulk, resulting in increased intraluminal pressure
creating diverticula as the mucosa and submucosa herniate



through weakness in the colonic wall where vessels pene-
trate.

C. Diverticulitis

1. Develops secondary to microscopic or frank perforation of
diverticula.

2. 85-95% of diverticulitis occurs in sigmoid or descending
colon

3. Complications of diverticulitis
a. Abscess
b. Peritonitis
c. Sepsis
d. Colonic obstruction
e. Fistula formation (colovesicular fistula most common)

4. Simultaneous diverticular hemorrhage and diverticulitis
are unusual; diverticular hemorrhage is discussed in

Chapter 17, GI Bleeding.

Evidence-Based Diagnosis (Diverticulitis)

A. Neither fever nor leukocytosis are very sensitive for divertic-
ulitis or diverticular abscess.

1. In patients with uncomplicated diverticulitis, only 45%
had temperature of 2 38.0°C or WBC > 11,000/mcL.

2. In patients with diverticular abscess, only 64% of patients
had temperature of > 38.0°C and 62% had WBC >
11,000/mcL.

B. Plain radiographs may demonstrate free air or obstruction.
C. CT scan is test of choice.

1. May demonstrate diverticula, thickened bowel wall, peri-
colonic fat stranding, or abscess formation

2. 93-97% sensitive

3. Colon cancer can lead to bowel wall thickening and per-
foration and be difficult to distinguish from diverticulitis.

D. Acute colonoscopy is not advised due to concern of perforation.

Treatment

A. Outpatient management is appropriate for patients with a
mild attack (ie, patients without marked fever or marked
leukocytosis, pain manageable with oral analgesics, tolerating
oral intake) and without significant comorbidities, immuno-
compromise, or advanced age.

1. Ciprofloxacin and metronidazole for 7-10 days
2. Liquid diet

3. High-fiber diet after attack resolves

4. Follow-up colonoscopy (see below)

B. Moderate to severe attack (unable to tolerate oral intake, more
severe pain) necessitates inpatient treatment.

1. Broad-spectrum IV antibiotics
2. No oral intake
3. CT guided drainage for abscesses > 5 cm
4. Emergent surgery is recommended in patients with
a. Frank peritonitis
b. Uncontrolled sepsis
c. Clinical deterioration despite medical management

d. Obstruction or large abscesses that cannot be drained
or are contaminated with frank fecal contents
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5. The threshold for surgery should be lower in immuno-
compromised patients.

6. High-fiber diet once the attack has resolved

7. Follow-up colonoscopy is advised 46 weeks after resolu-
tion of symptoms to exclude carcinoma in patients without
a recent colonoscopy. (Colon cancer is found in 17% of
patients thought to have complicated diverticular disease.)

CASE RESOLUTION

The surgical resident evaluates the patient and agrees
with your concern about an AAA. He orders a stat CT
scan and contacts his attending. The attending immedi-
ately evaluates the patient and redirects the patient
directly to the operating room bypassing the CT scan.
Surgery reveals a leaking AAA that ruptures during the
surgery. The aorta is cross clamped, repaired, and the
patient is stabilized.
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Summary table of abdominal pain by location.

Radiation and

Differential Quality and Associated
Location Diagnosis Frequency Symptoms Clinical Clues
RUQ Biliary disease Obstructive Back, right shoulder; Postprandial or nocturnal pain
Episodic N&V Dark urine
Pancreatitis See “Epigastrium” below
Renal colic: Usually Obstructive Groin;N &V Hematuria (usually microscopic)
flank pain Episodic Writhing, unable to get comfortable
LUQ Splenic infarct or Constant Left shoulder pain Endocarditis, trauma, orthostatic
rupture hypotension, shoulder pain
Epigastrium Peptic ulcer Hunger like, intermittent, Back; early satiety, Melena, history of NSAIDs;

gradual changes

Food may increase or decrease pain

Pancreatitis

Boring, constant

Back; N &V

Worse supine; history of alcohol
abuse or gallstones

Biliary disease

See above

Diffuse periumbilical

Appendicitis

Steady, worsening;
Migrates to RLQ

Groin; Occasionally back;
N &V anorexia

Migration and progression
No prior similar episodes

Bowel Obstruction

Obstructive

N &V anorexia

Inability to pass stool or flatus, prior surgery

Mesenteric ischemia  Severe Weight loss Out of proportion to exam, brought on
by food, bruit
AAA Excruciating Back Hypotension, syncope or pulsatile

abdominal mass

Irritable bowel

Crampy, recurring

Intermittent diarrhea,

Absence of weight loss or alarm

syndrome constipation symptoms, recurring nature of symptoms
RLQ Appendicitis See "Diffuse
periumbilical” above
Diverticulitis Usually LLQ; see below
Cecal Similar to bowel
volvulus obstruction; see above
Ovarian disease Differential includes
ovarian torsion,
Mittelschmerz, ectopic
pregnancy and PID.
LLQ Diverticulitis Persistent, increasing Back; Fever,N &V, May have prior episodes, localized tenderness

diarrhea

Ovarian disease

See above

Sigmoid Volvulus

Similar to bowel
obstructions; see above

AAA, abdominal aortic aneurysm; LLQ, left lower quadrant; LUQ, left upper quadrant; NSAIDs, nonsteroidal antiinflammatory drugs; N &V, nausea and vomiting; PID,

pelvic inflammatory disease; RLQ, right lower quadrant; RUQ, right upper quadrant.
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| have a patient with an acid-base abnormality.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT W

Mr. L is a 42-year-old man who complains of weakness,
anorexia, abdominal pain, and vomiting. Laboratory stud-
ies demonstrate a HCO5~ of 6 mEq/L.

\Yig

v

What is the differential diagnosis of acid-
base disorders? How would you frame the
differential?

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

Listed below are the steps to analyze an acid-base disorder.

Step 1: Generate Clinical Hypotheses

A. Each clinical scenario suggests a few possible acid-base disorders.

B. The first step considers those possibilities before analyzing the
laboratory results.

Step 2: Check the pH

A. pHs < 7.4 indicates the primary disorder is an acidosis.
B. pHs > 7.4 indicates the primary disorder is an alkalosis.

Step 3: Determine Whether the Primary
Disorder Is Due to a Metabolic or
Respiratory Process

A. Check HCOj;™ and PaCO,
B. CO, + H,0 & H,CO, & HCO,~ + H*; therefore
C. HCOj;~ changes drive pH as follows:

1. Increased HCO;~ drives the reaction to left: This con-
sumes H* which raises the pH, resulting in a metabolic
alkalosis.

2. Decreased HCO;~ drives the reaction to the right: This
increases H* which lowers the pH, resulting in a metabolic
acidosis. This occurs in two situations:

a. Processes that produce H* ion (and consume HCO;")
(ie, ketoacidosis, lactic acidosis)
b. Processes that lose HCO,~ (ie, diarrhea)
D. PaCO, changes drive pH as follows:

1. Increased PaCO, drives reaction to right: This increases
H+ which lowers pH, resulting in a respiratory acidosis.
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2. Decreased PaCO, drives reaction to left: This decreases H*
which raises pH, resulting in a respiratory alkalosis.

Step 4: Calculate Whether Compensation Is

Appropriate

A. The acid-base system attempts to maintain homeostasis. Alter-
ations in one system (respiratory or metabolic) trigger com-

pensatory changes in the other system to minimize the impact
on pH.

B. Formulas predict the expected degree of compensation

(Table 4-1).

C. Compensation that is greater or less than expected suggests
that an additional disease process is affecting the compensat-
ing system.

Step 5: Calculate the Anion Gap
A. Anion gap = Na* — (HCO,~ + CI)

B. An increased anion gap suggests that an anion gap metabolic
acidosis is present.

\'g

Step 6: Reach Final Diagnosis

Always check the anion gap. An elevated gap sug-
gests an anion gap metabolic acidosis even when the
HCOj;~ is above normal.

Figure 4-1 outlines the stepwise approach to acid-base disorders.

Differential Diagnosis of Acid-Base Disorders

A. Metabolic acidosis

1. Distinguishing between the 2 types of acidoses anion gap
acidosis (associated with a elevated anion gap) and the
non-anion gap acidosis (associated with an normal anion
gap) is pivotal.

a. Anion gap metabolic acidosis

(1) Occurs when an acid is produced and the associ-
ated unmeasured anion accumulates (ie, ketones,
lactate, sulfates, phosphates, or organic anions),
increasing the anion gap.

(2) Affected by the serum albumin level

(a) Albumin is negatively charged so that lower
serum albumin levels are associated with a
lower anion gap.
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Table 4-1. Compensation in acid-base disorders.!2

Primary Disorder Duration Expected Compensation
Metabolic acidosis Acute/Chronic PaCOZi 1.2 mm Hg per 1 mEq/L | HCO,-
(To @ minimum PaCO, of 10-15 mm Hg)
Metabolic alkalosis Acute/Chronic PaCO, T 0.7 mm Hg per 1 mEq/L T HCO,-
Respiratory acidosis Acute HCO,~ T 1 mEg/L per 10 mm Hg T PaCo,
Chronic HCO,~ T 3.5 mEq/L per 10 mm Hg T PaCo,
Respiratory alkalosis Acute HCO,~ | 2 mEq/L per 10 mm Hg { PaCO,
Chronic HCO,~ | 4 mEq/L per 10 mm Hg { PaCO,

'Metabolic compensation is slower than respiratory compensation and becomes more complete with time.
2Normal baseline is assumed to be PaCO, 40 mm Hg, HCO;~ 24 mEq/L:
Reproduced, with permission, from the McGraw-Hill Companies. Rose BD. Clinical Physiology of Acid-Base and Elec-

trolyte Disorders, 2000.

(b) The expected drop in the normal value for the
anion gap is 2.5 mEq/L for every 1 g/dL drop
in the serum albumin (below 4.4 g/dL).

b. Non-anion gap metabolic acidosis
(1) Occurs when HCO;~ is lost in the urine or stool.

(2) Since no unmeasured anion accumulates, the
anion gap is normal.

(3) The normal anion gap is due to negatively charged
proteins such as albumin, phosphates, and sulfates.

(4) The upper limit of normal varies between institu-
tions due to differing technologies.

(a) Although 12 * 4 is often sited as an ideal cut-
off, in some institutions, a normal anion gap is

only 7-9 mEq/L.

(b) The reference range at the institution per-
forming the tests should be used.

2. Etiologies of metabolic acidosis
a. Anion gap acidoses
(1) Ketoacidosis
(a) Diabetic ketoacidosis (DKA)
(b) Starvation ketoacidosis
(c) Alcoholic ketoacidosis
(2) Lactic acidosis

(a) Secondary to any impairment of aerobic
metabolism

(b) The differential diagnosis of lactic acidosis
includes any disease that interrupts oxygen
transport from the environment to the cell’s
mitochondria. Common causes include hypoxia
or hypotension (due to cardiogenic shock, septic

shock, or hypovolemic shock) (Table 4-2).

(3) Uremia (associated with sulfate and phosphate
accumulation)

(4) Toxin, drugs, and miscellaneous
(a) Salicylate toxicity
(b) Methanol ingestion

(c) Ethylene glycol ingestion
(d) Rhabdomyolysis
(e) D-Lactic acidosis
b. Non-anion gap metabolic acidosis
(1) Diarrhea

(2) Renal tubular acidosis (RTA) (type IV most com-
mon in adults)

(3) Carbonic anhydrase inhibitor

Table 4-2. Differential diagnosis of lactic acidosis.

Pathophysiology of Disorder Examples

Common Causes

Hypoxemia Lung disease (eg, pneumonia,

COPD, pulmonary embolism), CHF

Shock (inadequate tissue

perfusion; demand > supply)
Cardiogenic shock
Hypovolemic shock
Septic shock
Regional blood flow obstruction
(eg, mesenteric ischemia)

Less Common Causes

Low environmental oxygen High altitude

Severe anemia

Low oxygen saturation (Sa0,)
(despite normal PaO,)

Carbon monoxide poisoning

Cellular inability to
utilize oxygen

Cyanide poisoning

Increased demand Intense anaerobic activity

Seizures

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease.
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Step 1 Generate hypotheses
Step 2 Acidemia Alkalemia
Check PaCO, Check PaCO,
Step 3 and HCO; and HCO;
\ Y y Y
T PaCO, L HCco; 1 PaCcoO, T HCO;
\ Y y Y
Respiratory Metabolic Respiratory Metabolic
acidosis acidosis alkalosis alkalosis
Step 4 Check Inappropriate _ |Consider additional
P compensation disorder
Appropriate
) Elevated Consider anion ga
Step 5 Check anion gap . metabolic acido%isp
A
Reach final
Step 6 diagnosis

Figure 4-1. Stepwise approach to the diagnosis of acid-base disorders.

(4) Dilutional (large volume normal saline administration)
(5) Early renal failure
B. Metabolic alkalosis: etiologies
1. Vomiting or nasogastric drainage
2. Volume depletion
a. Diuretics
b. Vomiting
3. Hypokalemia
4. Increased mineralocorticoid activity
a. Primary hyperaldosteronism
b. Hypercortisolism
c. Excessive licorice ingestion

C. Respiratory acidosis

1. Any process that participates in normal ventilation (from
brain to brainstem, spinal cord, nerve, neuromuscular
junction, muscle, chest wall, or lung) can be deranged and
cause ventilatory failure and respiratory acidosis.

2. Etiologies of respiratory acidosis
a. Brain
(1) Stroke
(2) Drugs and intoxicants
(3) Hemorrhage
(4) Trauma
(5) Sleep apnea

b. Brainstem: herniation
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c. Spinal cord
(1) Trauma
(2) Amyotrophic lateral sclerosis
(3) Polio

d. Nerve: Guillain-Barré syndrome

o

. Neuromuscular junction: Myasthenia gravis
f. Chest wall or muscle
(1) Flail chest
(2) Muscular dystrophy
g. Pleural disease
(1) Effusions
(2) Pneumothorax
h. Lung diseases are the most common etiology.
(1) Chronic obstructive pulmonary disease (COPD)
(2) Asthma
(3) Pulmonary edema
(4) Pneumonia
D. Respiratory alkalosis: etiologies
1. Hypoxemia
2. Pulmonary disorders (via both hypoxic and vagal mechanisms)
a. Pneumonia
b. Asthma
c. Pulmonary embolism
d. Pulmonary edema
e. Interstitial lung disease
f. Mechanical ventilation
3. Extrapulmonary disorders
a. Anxiety
b. Pain
c. Fever
d. Pregnancy
CNS insult
Drugs (salicylates, nicotine, catecholamines)
. Cirrhosis

g ™ e

W

Mr. L reports that he has had diabetes since he was
10 years old. His diabetes has been complicated by periph-
eral vascular disease requiring a below the knee amputa-
tion and laser surgeries for retinopathy. Two days ago, he
began experiencing nausea and some vomiting. He con-
tinued to take his insulin. Physical exam reveals supine
BP of 90/50 mm Hg and pulse of 100 bpm. Upon stand-
ing, his vital signs are BF, 60/20 mm Hg; pulse, 150 bpm;
RR, 24 breaths per minute; and temperature, 37.0°C.
Retinal exam reveals dot-blot hemorrhages and multiple
laser ecars. Lungs are clear to percussion and ausculta-
tion. Cardiac exam reveals a regular rate and rhythm with
a grade 1/V1 systolic murmur at the upper left sternal
border. Abdominal exam is soft and nontender. Stool is
guaiac-negative. Lab studies reveal Na*, 126 mEq/L; K+,
6.2 mEq/L; HCO5~, 6 mEq/L; CI, 100 mEq/L; BUN, 40 mg/dL;

creatinine, 1.6 mgldL; glucose, 369 mgldlL; WBC,
10,500/mcL; Het, 42%; ALT (SGFT), AST (SGOT), and
lipase are normal.

At this point what is the leading hypothesis,
m‘ what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-

ferential diagnosis, what tests should be
ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Although an arterial pH has not yet been obtained, the patient’s
very low HCOj;~ strongly suggests a metabolic acidosis.

Step 1: Generate Clinical Hypotheses

The history of childhood-onset diabetes mellitus strongly suggests
insulin-dependent diabetes mellitus. This form of diabetes is asso-
ciated with total or near total insulin deficiency increasing the risk
of DKA. This is the leading hypothesis. Active alternative
hypotheses include type IV RTA (a non-anion gap acidosis),
which is common in patients with long-standing diabetes and
renal insufficiency. Yet, another possibility is renal failure with ure-
mic acidosis secondary to long-standing diabetes. Finally, lactic
acidosis from sepsis is a “must not miss diagnosis” that should
always be considered in sick patients with metabolic acidosis. (The

hypotheses are listed in Table 4-3).
Step 2: Check the pH

W

ABG: pH of 7.1, Fa0, of 80 mm Hg, and FaCO, of 20 mm
Hg. The low pH confirms that the primary disorder is an
acidosis.

Step 3: Determine Whether the Primary
Disorder Is Due to a Metabolic or Respiratory
Process

\

HCO5~ = @ mEgq/L and PaCO, = 20 mm Hg.

A low HCOj;™ is associated with metabolic acidosis, which drives
the pH down whereas a low PaCO, drives the pH up (see above).
Since the patient’s pH is low (acidemic) the primary disorder must
be a metabolic acidosis.

Step 4: Calculate Whether
Compensation Is Appropriate
As shown in Table 4-1 the expected compensation for a metabolic

acidosis is the PaCO, drops by 1.2 mm Hg per 1 mEq/L fall in
HCOj;~. The patients HCO; is 6 mEq/L (normal is 24 mEq/L),



Table 4-3. Diagnostic hypotheses for Mr. L.
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Diagnostic Hypothesis

Clinical Clues

Important Tests

Leading Hypothesis

Diabetic ketoacidosis (DKA)
Noncompliance with insulin

Precipitating illness (eg, infection or stress)

History of insulin-dependent diabetes mellitus

Increased anion gap

Increased serum or urine ketones

Tests to identify precipitant (urinalysis, chest
radiograph, ECG, lipase, abdominal imaging as
indicated)

Active Alternatives—Most Common

Uremic acidosis Oliguria

Elevated BUN, creatinine, and anion gap
Elevated FEy,

Urinalysis

Renal ultrasound

Type IV renal tubular acidosis
Nonanion gap acidosis
Hyperkalemia

Long-standing diabetes mellitus

Basic metabolic panel

Active Alternatives—Must Not Miss

Lactic acidosis from sepsis Fever
Rigors
Urinary frequency
Dysuria
Cough
Diarrhea
Abdominal pain

Elevated WBC, anion gap, and serum lactate
Urinalysis

Chest radiograph (imaging as indicated)
Blood cultures

FEy,» fractional excretion of sodium.

which is an 18 mEq/L fall from normal. The PaCO, should fall by
1.2 x 18 = 21.6 mm Hg. Since the normal PaCO, is approxi-
mately 40 mm Hg, we would expect the PaCO, to be approxi-
mately 40 — 21.6 = 18. The actual PaCO, is close to the predicted
value suggesting that respiratory compensation is indeed appro-
priate. Therefore, Mr. L is suffering from a metabolic acidosis with
appropriate respiratory compensation.

Step 5: Calculate the Anion Gap

\

Anion gap =138 — (6 + 100) = 32 (Normal =12 + 4)

Clearly, Mr. L is suffering from an anion gap metabolic acidosis.
This excludes RTA and focuses our attention on the remaining
possibilities of DKA, lactic acidosis from sepsis, or uremia.

a diagnosis? If not, what other information

Is the clinical information sufficient to make
‘ do you need?

Leading Hypothesis: DKA

Textbook Presentation

DKA often begins with an acute illness (ie, pneumonia, urinary
tract infection, myocardial infarction [MI]) in a type 1 diabetic.

Patients often complain of symptoms related to hyperglycemia
(polyuria, polydipsia, and polyphagia) and to the precipitating ill-
ness (eg, fever, cough, dysuria, chest pain). Nonspecific com-
plaints are common (nausea, vomiting, abdominal pain, and
weakness). Patients are profoundly dehydrated and exhibit ortho-
static changes or frank hypotension. Confusion, lethargy, and
coma may occur secondary to dehydration, hyperglycemia, acido-
sis, or the underlying precipitating event.

Disease Highlights

A. Occurs primarily in patients with complete or near complete
insulin deficiency

1. Type 1 autoimmune insulin-dependent diabetes mellitus

2. DKA occasionally occurs in patients with type 2 diabetes
mellitus

a. Precipitants include
(1) Severe stress

(2) Marked hyperglycemia that may transiently impair
insulin secretion

b. Many such patients do not require lifelong insulin for
management of their diabetes.

3. Diabetes secondary to severe chronic pancreatitis and near
complete islet cell obliteration

B. Incidence is 4.6-8.0 cases/1000 person years in patients with
diabetes

C. Precipitated by low insulin levels or a rise in insulin’s counter-
regulatory hormones (cortisol, epinephrine, glucagon, and
growth hormone), or both.
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1.

Most common precipitants
a. New-onset type 1 diabetes mellitus
b. Noncompliance with insulin

c. Infection (Urinary tract infections and pneumonia are
most common. Patients may be afebrile.)

. Other precipitants

a. Other infections

b. MI
. Cerebrovascular accident
. Acute pancreatitis

GI hemorrhage

c
d

e. Pulmonary embolism
f.

g. Severe emotional stress

=

. Drugs (eg, corticosteroids, thiazides, cocaine)

3. The precipitant is the most frequent cause of mortality in

DKA

D. Pathogenesis: A marked decrease in insulin levels together with
an increase in counterregulatory hormones lead to the follow-
ing events:

1.

Hyperglycemia
a. Reduced glucose uptake by cells leads to hyperglycemia.

b. Increased hepatic glycogenolysis and gluconeogenesis
augment hyperglycemia.

c. Glucosuria helps prevent extreme hyperglycemia

(> 500-600 mg/dL).

d. More extreme hyperglycemia occurs if urinary output

falls.

. Ketoacidosis

a. Marked insulin deficiency increases acetyl CoA pro-
duction within liver.

b. Massive production of acetyl CoA overwhelms Krebs
cycle resulting in ketone production and ketonemia
(primarily B hydroxybutyric acid and to a lesser extent
acetoacetic acid).

c. Ketonemia leads to anion gap metabolic acidosis.

. Volume depletion: Ketonemia and hyperglycemia result in

osmotic diuresis, which results in profound dehydration

and typical fluid losses of 3-6 L.

. Hypokalemia

a. The osmotic diuresis also causes significant potassium
losses.

b. Dechydration-induced hyperaldosteronism aggravates
potassium loss.

c. Typical potassium deficit is 3-5 mEq/kg body weight.

. Hyperkalemia

a. Despite the total body potassium deficit syperkalemia is
frequent.
b. The etiology is multifactorial.
(1) Insulin normally drives glucose and potassium into
the cells. Insulin deficiency causes hyperkalemia.

(2) Plasma hypertonicity drives water and potassium
out of the cells and into the intravascular compart-
ment accentuating the hyperkalemia.

(3) Acidosis shifts potassium out of cells, aggravating
hyperkalemia despite the total body potassium deficit.

6.

Hyponatremia: Hyperglycemia leads to an osmotic shift of
water from the intracellular space to intravascular space,
resulting in hyponatremia.

E. Mortality rate of DKA is 5-15%. Risk factors for death

include:

1.
2.
3.

N

Severe coexistent disease (adjusted OR 16.3)
pH < 7.0 at presentation (adjusted OR 8.7)
> 50 units of insulin required in first 12 hours (adjusted

OR7.9)

. Glucose > 300 mg/dL after 12 hours (adjusted OR 8.3)
. Depressed mental status after 24 hours (adjusted OR 8.6)
. Fever (axillary temperature > 38.0°C) after 24 hours

(adjusted OR 5.8)

. Increasing age

a. Mortality rate < 1.25% in persons younger than 55 years
b. Mortality rate of 11.8% in persons older than 55 years

Evidence-Based Diagnosis

A. Diagnostic criteria established by the American Diabetes Asso-
ciation (ADA)

1.
2.
3.
4.

Glucose > 250 mg/dL
pH<73
HCO; < 18 mEq/L

Positive serum ketones

B. Signs and symptoms

1.
2.

3.

\V g

Polyuria and increased thirst are common.

Lethargy and obtundation may be seen with markedly
increased effective osmolality (> 320 mOsm/L)

a. Effective osmolality can be calculated:
(1) (2 x Na*) + Glucose/18!

(2) That is, Na* of 140 mEq/L and glucose of
720 mg/dL = osmolality of 320 mOsm/L

b. Consider neurologic insult (ie, cerebrovascular acci-
dent, drug intoxication) if neurologic changes are pres-
ent in patients with a serum osmolality < 320 mOsm/L
or if the neurologic abnormalities fail to resolve with
therapy.

Abdominal pain
a. Present in 50-75% of DKA cases

b. May be secondary to the DKA or another process pre-
cipitating DKA (ie, appendicitis, pancreatitis, chole-
cystitis, abscess)

c. Abdominal pain is increasingly common with increas-

ing severity of DKA (Table 4-4).

Always consider an intra-abdominal cause of
abdominal pain in patients with DKA, especially if
the abdominal pain persists, occurs in patients with
mild acidosis (HCO—; > 10 mEq/L), or in patients
older than 40 years.

"Normally urea’s contribution to osmolality is included in the cal-
culation. In this situation, urea is ignored because urea is freely
permeable to membranes and does not cause osmotic shifs.



Table 4-4. Frequency and etiology of abdominal pain in
patients with DKA.

Frequency Patients with Patients with
of DKA as Other
Serum Abdominal Etiology Etiology
HCO;- Pain of Pain of Pain
0-10 mEq/L 25-75% 70% 30%
> 10 mEq/L 12% 16% 84%

DKA, diabetic ketoacidosis.

4. Nausea and vomiting are common and nonspecific.
C. Hyperglycemia
1. Glucose level is variable.

2. 15% of patients with DKA have glucose levels < 350 mg/dL
(particularly in pregnancy or in patients with poor oral intake).

3. Glucose > 250 mg/dL has poor specificity for DKA (11%).
D. Ketones
1. 3 ketones: B hydroxybutyrate, acetoacetate, acetone

2. Standard ketone test uses the nitroprusside reaction,
which detects acetoacetate but is insensitive for B hydrox-
ybutyrate. In severe DKA, B hydroxybutyrate is the
prominent ketone, and the nitroprusside test may be
falsely negative. In addition, captopril causes a false-posi-
tive nitroprusside reaction.

3. B hydroxybutyrate can be measured directly and rapidly. It
is highly accurate for diagnosis of DKA: 98% sensitive,
85% specific, LR+ 6.5, LR- 0.02 (cutoff § > 1.5 mmol/L).

4. Urine ketones are sensitive for DKA but not specific
(69%). Blood measurements are preferred.

E. Anion gap

1. Anion gap is elevated in most patients with DKA (even
when nitroprusside reaction is negative).

2. In patients evaluated in the emergency department with
glucose > 250 mg/dL, the anion gap is 84-90% sensitive
and 85-99% specific; LR+, 6-84; LR—, 0.11-0.16.

3. If anion gap is elevated and ketones are negative, BOHB
measurements should be measured. If BOHB measure-
ments are not available (or negative), lactic acid should be
measured to rule out lactic acidosis.

F. Nonspecific findings
1. Amylase: Nonspecific elevations in amylase are common.
2. Leukocytosis

a. Mild leukocytosis (10,000-15,000/mcL) is common
and may occur secondary to stress or infection.

b. One study documented higher WBCs in patients with
major infection than in patients without infection

(17,900/mcL vs 13,700/mcL).
c. Band counts were also higher in patients with infection

(23% vs 6%).

Treatment
A. Treatment of DKA must include the following:
1. Initial evaluation and frequent monitoring
2. Detection and therapy of the underlying precipitant

ACID-BASE ABNORMALITIES / 55

The most common cause of death in patients with
DKA is the underlying precipitant. It must be dis-

covered and treated.

3. Fluid resuscitation
4. Insulin

5. Potassium replacement

B. Initial evaluation and monitoring

1. Check electrolytes, glucose, serum ketones, ABG, anion
gap, and renal function.

2. Serum creatinine may be artificially elevated due to inter-
ference of assay by ketones.

3. The serum glucose should be checked hourly and the elec-
trolytes should be measured frequently (every 2—4 hours)
and the anion gap calculated.

C. Detection and therapy of the underlying precipitant

a. Urinalysis, chest film, CBC with differential, blood cul-
tures, lipase, ECG, troponin levels.

b. B-HCG should be measured in women of childbearing age.

D. Fluid resuscitation

1. Evaluate dehydration: check BB, orthostatic BP and pulse,
monitor hourly urinary output

2. IV normal saline 0.5-1.5 L bolus initially.

a. Higher rates (1-1.5 L) are useful for patients with sig-
nificant hypotension.

b. Lower rates (500 mL/h) may allow for more rapid cor-
rection of acidosis in patients without marked volume
depletion.

3. Reevaluate after each liter by checking BP, orthostatic BP
and pulse, urinary output, cardiac and pulmonary
exams. Repeat boluses until hypotension and oliguria
resolve.

4. Normal saline should be switched to 0.45% normal saline
when intravascular volume improves to restore free water

deficit.

E. Insulin

1. The ADA recommends an IV bolus of regular insulin (0.1
units/kg) followed by IV regular insulin at 0.1 units/kg/h

2. Marked hypokalemia (< 3.3 mEq/L) should be excluded

before insulin therapy is administered (see below).
3. Administer in monitored setting.

4. Monitor glucose levels hourly: target reduction 75-90 mg/
dL/h and adjust insulin dose accordingly.

5. Insulin should be continued until the anion gap normal-
izes and the serum HCO; is 2 18 mEq/L.

a. Premature discontinuation of IV insulin may result in
rebound ketoacidosis.

b. If patent’s glucose normalizes (< 200 mg/dL) before
the anion gap normalizes and before the HCO;~ is
2 18 mEq/L, the insulin dose may be reduced by 50%
and glucose (D5W) added to the IV to prevent
hypoglycemia.

c. Patients should receive their first dose of SQ insulin
1-2 hours before IV insulin is discontinued in order
to prevent an insulin free window and recurrent
ketoacidosis.
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In DKA, it is important to continue IV insulin 1. Each day, ingested nonvolatile acids neutralize HCOj;™.
until the anion gap returns to normal. Administer 2. In health, the kidneys regenerate the HCO,~ and maintain
glucose as necessary to prevent hypoglycemia. the acid-base equilibrium.

3. Renal impairment results in failed HCO;~ regeneration

E. Potassium replacement

and a metabolic acidosis develops.

1. Treatment of the insulin deficiency and acidosis shifts B. Acidosis in patients with renal failure may be of the anion gap
potassium back into the intracellular compartment. type or non-anion gap type.
2. Profound hypokalemia is a common complication of ther- 1. In early renal failure, ammonia-genesis is impaired, result-
apy and often develops within the first few hours. ing in reduced acid secretion and a non-anion gap meta-
3. Potassium levels should be monitored hourly, and replace- bolic acidosis.
ment should be initiated when urinary output resumes 2. In more advanced chronic renal failure, the kidney remains
and potassium is < 5.3 mEq/L. unable to excrete the daily acid load and also becomes
4. DPotassium therapy should be initiated immediately in unable to excrete anions such as sulfates, phosphates, and

patients who present with hypokalemia. In addition,
insulin therapy should be delayed until the serum potas-

urate. Therefore, an anion gap acidosis develops. HCO;~
levels stabilize between 12 mEq/L and 20 mEq/L.

sium > 3.3 mEq/L to prevent life-threatening exacerbation C
of hypokalemia induced by insulin therapy.

G. HCOj; therapy

1. Use is controversial; if used, monitor patient for

hypokalemia.

. The acidosis has several adverse effects.
1. Increased calcium loss from bone
2. Increased skeletal muscle breakdown

Treatment
A. NaHCOj;~ replacement
B. Hemodialysis

2. HCO;~ has not been shown to improve outcomes in
patients with serum pH > 6.9. It may also paradoxically
lower CNS pH.

3. The ADA recommends HCO,~ therapy in patients with a

pH < 7.0.
H. Phosphate therapy CASE RESOLUTION

1. Hypophosphatemia is common and may develop during
therapy.

2. Replacement should be considered in patients with
marked hypophosphatemia (< 1.0 mg/dL) or with respira-
tory depression, cardiac dysfunction, or anemia.

\'g

MAKING A DIAGNOSIS

\

Mr. 's serum ketones are large. Lactate level is 1 mEq/L
(normal 0.5-1.5 mEg/L).

Careful, frequent observation and evaluation of

patients with DKA is critical to success.

The high serum ketones confirm DKA. The normal lactate effec-
tively rules out lactic acidosis, and uremic acidosis is very unlikely
with mild renal insufficiency. Evaluation and treatment identifies
the precipitant of DKA and treats the acidosis, hyperglycemia, and
profound dehydration.

W

Mr. L confirms he has been taking his insulin. He reports
no fever, rigors, dysuria, cough, shortness of breath, diar-
rhea, or abdominal pain. Urinalysis, chest radiograph, and
lipase were sent to search for the precipitating event. All
of the results were normal. An ECG revealed T-wave inver-
sion in leads V1-V4, suggesting anterior myocardial
ischemia. Troponin T levels were elevated consistent with
an acute MI (believed to be the precipitant of his DKA).
He was transferred to the ICU for monitoring. He received
fluid resuscitation, IV insulin until his ketoacidosis
resolved, and supplemental potassium (when his potas-
sium fell below 5.3 mEq/L). His Ml was treated with
B-blockers and aspirin. Subsequent cardiac catheteriza-
tion revealed triple vessel disease. After stabilization, he
underwent coronary artery bypass grafting and did well.

out the active alternatives or uremia or lactic
acidosis (from sepsis)? Do other tests need to
be done to exclude the alternative diagnoses?

Have you crossed a diagnostic threshold for
‘ﬁ the leading hypothesis, DKA? Have you ruled

Alternative Diagnosis: Uremic Acidosis

Textbook Presentation

Typically, patients with chronic renal failure have low HCO;~ lev-
els, high creatinine levels (often > 4-5 mg/dL), and elevated BUN
and phosphate levels. Patients often complain of a variety of con-
stitutional symptoms secondary to their renal failure including
fatigue, nausea, vomiting, anorexia, and pruritus.

Disease Highlights
A. Pathophysiology



CHIEF COMPLAINT

PATIENT W

Ms. S is a 32-year-old woman who complains of nausea
and vomiting. She reports that she felt well until 5 days
ago when she noticed urinary frequency and burning on
urination. She increased her intake of fluids and cran-
berry juice but noticed some increasing right back pain 2
days ago. Yesterday, she felt warm and noticed that she
had a fever of 36.6°C and teeth-chattering chills. Sub-
sequently, she has been unable to keep down any food or
liquids and has persistent nausea and vomiting. She
feels weak and dizzy. Physical exam: supine BF, 95/62. mm
Hg; pulse, 120 bpm; temperature, 38.9°C; RR, 24 breaths
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Table 4-5. Diagnostic hypotheses for Ms. S.

Diagnostic Clinical Important
Hypothesis Clues Tests
Leading Hypothesis
Sepsis causing Fever Elevated anion gap
lactic acidosis Shaking chills and lactate
Hypotension Leukocytosis
Localized symptoms Left shift
and signs of infection Blood cultures
(eg, cough, dysuria, Urinalysis
skin redness) Chest radiograph

Active Alternatives—Most Common

per minute. On standing, her BF falls to 72/40 mm Hg
with a pulse of 145 bpm. Cardiac and pulmonary exam are
notable only for the tachycardia. She has 2+ right cos-
tovertebral angle tenderness. Abdominal exam is soft
without rebound, guarding, or focal tenderness.

V" what are the active alternatives, and is there a
must not miss diagnosis? Given this differen-
tial diagnosis, what tests should be ordered?

‘ At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS
Step 1: Generate Clinical Hypotheses

Ms. S’s history of fever, dysuria, and flank pain suggest urinary tract
infection and pyelonephritis. Furthermore, her teeth-chattering
chills suggest bacteremia, which combined with her hypotension
suggests severe sepsis. Septic shock can cause lactic acid production
and thereby generate an anion gap metabolic acidosis. This is the
leading hypothesis and must not miss diagnosis. Ms. S’s history of
persistent vomiting combined with her volume depletion (as evi-
denced by her orthostatic hypotension) could also cause a meta-
bolic alkalosis. This is an alternative hypothesis (Table 4-5).

Step 2: Check the pH

\

An ABG reveals a pH of 7.29, FaCO, of 20 mm Hg, Fa0,
of 90 mm Hg.

The low pH on the ABG confirms the primary process is an acidosis.

Step 3: Determine Whether the Primary
Disorder Is Due to a Metabolic or Respiratory
Process

\

Other initial laboratory results include Na*, 138 mEqg/L;
K+, 5.4 mEg/L; HCO5~, 14 mEqg/L; CI-, 102 mEg/L; BUN,
30 mgldL; creatinine, 1.2 mgl/dL. Glucose, 90 mgldL;
WBC, 186,500 cells/mcL with 62% granulocytes and 30%
bands. Urinalysis reveals > 20 WBC/hpf.

Metabolic Vomiting Elevated HCO,-
alkalosis Dehydration Hypokalemia
Nasogastric tube
drainage
Diuretics

Ms. §s HCO;~ and PaCO, are both low. Only the low HCO,~
would create an acidosis. (A low PaCO, would drive the pH up
and cause an alkalosis.) Since her pH is low the primary process is
a metabolic acidosis.

Step 4: Calculate Whether Compensation
Is Appropriate

In a metabolic acidosis, the PaCO, is expected to fall by 1.2 mm
Hg per 1 mEq/L fall in HCO,~ (see Table 4-1). The patients
HCO; is 14 mEq/L (10 mEq/L below normal). The PaCO,
should fall by 1.2 X 10 = 12. Since normal PaCO, is approxi-
mately 40 mm Hg, we would expect the PaCO, to be approxi-
mately 40 — 12 = 28 mm Hg. The actual PaCO, is 30 mm Hg,
quite close to the prediction. This suggests that respiratory com-
pensation is appropriate. Therefore, Ms. S is suffering from a
metabolic acidosis with appropriate respiratory compensation.

Step 5: Calculate the Anion Gap

The next vital step in the differential diagnosis is to calculate the
anion gap. Her anion gap = 138 — (102 + 14) = 22.

Clearly, Ms. S is suffering from an anion gap metabolic acido-
sis. This is alarming. It excludes the possibility of metabolic alka-
losis and focuses our attention on the remaining possibility of lac-
tic acidosis due to sepsis. (The clinical history and laboratory
results suggest neither DKA nor uremic acidosis.)

V" a diagnosis? If not, what other information

Is the clinical information sufficient to make
‘ do you need?

Leading Hypothesis: Lactic Acidosis
Secondary to Sepsis

Textbook Presentation

Patients with septic shock typically have fever, tachypnea, tachy-
cardia, and hypotension. Whereas patients with cardiogenic or
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hemorrhagic shock often have cold extremities, patients with sep-
tic shock often have warm extremities and bounding pulses after
fluid resuscitation. (Pulses are bounding due to a widened pulse
pressure.) Mentation may be impaired and urinary output
decreased.

Disease Highlights
A. Epidemiology

1.

2.

The annual incidence of sepsis has increased 4 times since

the 1970s.

Sepsis is more common among non-white compared with
white populations in the United States (RR 1.90).

Most common sources of infection are the lung, intra-
abdominal infections, urine, and IV catheters. Commonly
overlooked sources include sinusitis (associated with naso-
gastric tubes), acalculous cholecystitis and Clostridium

difficile colitis.

Certain life-threatening infections may produce char-
acteristic rashes (ie meningococcemia, Rocky Moun-
tain spotted fever, or staphylococcal toxic shock syn-
drome). Rapid recognition and treatment is vital.

B. Pathophysiology

1.

5.

Sepsis
a. Occurs when an infection (bacterial, fungal, mycobac-

terial, or viral) triggers a proinflammatory reaction that
is poorly regulated and becomes systemic

b. A noninfectious process (eg, acute pancreatitis) may also
trigger a similarly dysregulated immune response called
SIRS (systemic inflammatory response syndrome).

. In early stages of sepsis, hyperimmune responses may play

a role in the organ dysfunction and cause multiple organ
dysfunction syndrome (MODS), hypotension, dissemi-
nated intravascular coagulation, and death.

. In later stages of sepsis, patients may be hypoimmune.

Hypoimmunity may also contribute to infection and death.

. Mechanisms of hypotension include

a. Vasodilatation (decreased systemic vascular resistance
[SVR]) mediated by elevated nitrous oxide levels,
increased prostacyclin levels, and low vasopressin lev-
els, lowers BP.

b. Cardiac output (CO) can be increased or decreased in
sepsis.
(1) The drop in SVR decreases afterload, which often

results in an increase in CO.

(2) On the other hand, leakage of fluid out of
intravascular space can decrease venous return and

thereby decrease CO.

(3) In addition, myocardial function can be reduced
and also decrease CO.

c. Typically, the initial hemodynamic response is
decreased SVR and increased CO (particularly after
fluid resuscitation).

MODS
a. Lung involvement: acute respiratory distress syndrome

secondary to increased permeability with subsequent
pulmonary edema

b. Renal failure secondary to
(1) Hypotension
(2) Renal vasoconstriction
(3) Increased tumor necrosis factor

c. Disseminated intravascular coagulation: Multiple
mediators are involved, including decreased protein C.

6. Lactic acidosis multifactorial
a. Microcirculatory lesion impairs oxygen delivery.
(1) Dysregulation of supply and demand
(2) Microvascular occlusion
b. Hypotension impairs oxygen delivery.
c. Mitochondrial injury impairs oxygen utilization.

d. Decreased hepatic clearance of lactate contributes to
lactic acidosis.

C. The definitions of sepsis, severe sepsis, and septic shock and
their associated mortality rates are shown in Table 4-6.

D. There is an increased risk of septic shock in patients with bac-
teremia (21%), advanced age (= 65), impaired immune sys-
tem, community-acquired pneumonia, abdominal infection,
and markedly elevated WBC.

E. The mortality rate associated with sepsis ranges from 20% to
50%. Predictors of mortality include

1. Age > 40 years

2. Comorbidities: AIDS, hepatic failure, heart failure (HF),
diabetes mellitus, cancer, or immunosuppression

3. Temperature < 35.5°C
Leukopenia < 4000 cells/mcL
5. Hospital-acquired infection

b

Table 4-6. Definitions of stages of sepsis.

Category Definition Mortality

Sepsis Infection and > 2 of following: 16%
Temperature > 38.5°C or
<35.0°C
Pulse > 90 bpm
RR > 20/min or PaCO,
<32 mmHg
WBC > 12,000/mcL or
< 4000/mcL or > 10% bands

Severe sepsis Sepsis and at least 1 of the 20%
following signs of
inadequate tissue perfusion:
Altered mental status
Oliguria
Lactic acidosis
Platelet count < 100,000
ALI/ARDS

Septic shock Severe sepsis with mean 46%
BP < 60 mm Hg (or < 80 mm
Hg if the patient has
baseline hypertension) after
fluid resuscitation or the
need for vasopressors

ALI/ARDS, acute lung injury/acute respiratory distress syndrome.
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Mortality in Emergency Department Sepsis (MEDS) Score 50%
Points 40%

Age > 65 years 3 R
Nursing home resident 2 1\:: 30% Q
Rapidly terminal comorbid illness 6 s
Lower respiratory infection 2 § 20%
Bands > 5% 3
Tachypnea or hypoxemia 3 10% (:)
Shock 3 0% - -OQ—
Platelet count < 150,000/mcL 3 ‘Of E ﬁl ‘/:‘l
Altered mental status 2 MEOE)S

Figure 4-2. Mortality in Emergency Department Sepsis (MED) Score Observed mortality vs. score (error bars are
95% confidence intervals). (Reproduced, with permission, from Howell MD et al. Performance of severity of ill-
ness scoring systems in emergency department patients with infection. Acad Emerg Med. 2007;14(8):709-14. )

6. Candida, Pseudomonas, or Staphylococcus aureus infection Table 4-7. Predictors of bacteremia.
7. Inappropriate antibiotics: appropriate antibiotics associ-
ated with 50% decrease in mortality Finding Sensitivity Specificity LR+ LR-
8. Multiple organ failure Shaking chils 45% 90% 47 061
9. Mortality in Emergency Department Sepsis (MED) Score Injection drug use 79% 98% 20 095
is a validated scoring index that predicts mortality in
patients arriving at emergency departments with suspected Central venous catheter 23% 90% 24 085
infection (Figure 4-2). Acute abdomen 20% 9% 22 09
0, 0
Evidence-Based Diagnosis WBC > 15,000/mcL 28% 87% 22 0.8
A. Fever WBC < 1000/mcL 14% 94% 23 09
1. In emergency department patients, fever was higher Bandemia > 1500/mcL 44% 69% 14 0.8
. . 5 )
among baCtCl;leC patients (38.8°C) than nonbacteremic Chills (any type) 88% 52% 17 o
patients 38.1°C.
2. 5% of patients with gram-negative bacteremia are nor- Comorbidity 86% 37% 14014

mothermic (temperature < 37.6°C).
3. 13% of patients with bacteremia were hypothermic (<

36.4°C).

4. Among patients with bacteremia, the absence of fever was
associated with increased mortality.

B. Chills

1. Chills can vary from mild to moderate to shaking chills
(ie, teeth chattering, bed shaking chills).

2. Chills of some kind (mild, moderate, or severe) are com-
mon in bacteremic patients (sensitivicy 88%). A normal WBC does not rule out bacteremia.

3. Shaking chills (rigors) are less sensitive but more specific

for bacteremia (sensitivity, 45%; specificity, 90%; LR+,
4.7, LR-, 0.61).

C. Predictors of bacteremia (Table 4—7)
1. WBC > 15,000/mcL is only 28% sensitive for bacteremia.

2. Any of the following increase the risk of bacteremia:

Providers should consider bacteremia in older a. Shaking chills
patients with significant fever or rigors (teeth-chat-
tering or physically shaking chills). All patients
evaluated for sepsis or presenting with rigors
should have blood cultures drawn and antibiotics
administered.

. History of injection drug use

. WBC > 15,000/mcL

b

c. Acute abdomen

d

e. Presence of a central venous catheter
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3. Incidence of bacteremia is low (2%) in patients without
any of the following risk factors:

a. Temperature > 38.3°C
b. Shaking chills
c. Injection drug use
d. Acute abdomen on exam
e. Major comorbidity

D. Catheter site infections

1. Signs of inflammation at the insertion site are uncommon
in patients with central venous catheter infections (sensi-
tivity 27%). Erythema is present in only 3% of patients
with catheter-related bloodstream infections.

2. Certain findings are highly specific of catheter infection
including gross pus at the catheter insertion site, cellulitis
> 4 mm around the site, or tunnel tract infection.

Consider central catheter line infection in septic
patients even in the absence of erythema or pus.

E. Serum lactate levels are more sensitive than an increase in the
anion gap. An elevated anion gap is 44-67% sensitive.

E. Blood cultures should be obtained as soon as possible in
patients evaluated for sepsis.

1. If central catheters are in place and are a suspected source
of infection, blood should be obtained peripherally and
through the central line.

2. Cultures can be negative in 10% of patients with sepsis.

Treatment

The treatment of septic shock is complex and recommendations
evolve frequently. Readers are referred to specialized texts for details.

MAKING A DIAGNOSIS

7

Blood cultures and urine cultures grew Escherichia coll.

The positive blood cultures confirm the overwhelming clinical
impression of severe sepsis. Serum lactate 8 mEqg/L (nl 0.5-1.5
mEq/L) confirms lactic acidosis. Other tests are not necessary to
confirm the diagnosis.

CASE RESOLUTION

\Z

Ms. 5 was treated with broad-spectrum antibiotice and
IV fluid resuscitation. After initial stabilization, hypoten-
sion recurred and urinary output dropped. She was
transferred to the ICU. Four hours later her oxygenation
deteriorated and a chest film revealed a diffuse infiltrate
consistent with acute respiratory distress syndrome.
She was intubated and given IV fluids, norepinephrine,
antibiotics, mechanical ventilation, and activated protein
C. Over the next 24 hours, her BF stabilized and her anion
gap lactic acidosis resolved. Seventy-two hours later she
was extubated. She eventually made a full recovery.

CHIEF COMPLAINT

PATIENT W

Mr. R is a B5-year-old man with a history of COFD whose
chief complaint is dyspnea. He reports that his symptoms
began 5 days ago with a cough productive of green sputum.
The cough worsened, and 4 days ago he had a low-grade
fever of 37.2°C. He noticed increasing shortness of breath
3 days ago. He reports that previously he was able to walk
about 25 feet before becoming short of breath but now he
is short of breath at rest. Last night his fever reached
26.8°C, and today his dyspnea intensified. He is unable to
complete a sentence without pausing to take a breath. On
physical exam he appears older than his stated age. He is
gaunt, sitting upright, breathing through pursed lips, and in
obvious distress. Vital signs are temperature, 38.9°C; RR,
28 breaths per minute; BF, 110/70 mm Hg; pulee, 110 bpm.
His pulsus paradox is 20 mm Hg. Lung exam reveals sighif-
icant use of accessory muscles and markedly decreased
breath sounds. Cardiac exam is notable only for diminished
heart sounds.

what are the active alternatives, and is there

¢’  a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

V At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS
Step 1: Generate Clinical Hypotheses

Mr. R’s history of very poor exercise tolerance at baseline suggests
severe COPD. Such severe COPD could result in chronic carbon
dioxide retention and chronic respiratory acidosis. A “must not
miss” possibility is that his acute respiratory infection has precipi-
tated acute respiratory failure (and acute respiratory acidosis). This
is suggested by his worsening symptoms, respiratory distress,
upright posture, pursed lip breathing, pulsus paradox, and
decreased breath sounds. /¢ is critical ro distinguish acute respirarory
acidosis from chronic respiratory acidosis because the former is more
likely to progress rapidly to complete respiratory failure. Therefore,
acute respiratory acidosis is both the leading hypothesis and the



“must not miss” diagnosis. Another “must not miss” diagnosis is
sepsis. His symptoms of fever and cough suggest the possibility of
pneumonia, which can be complicated by sepsis resulting in an
anion gap metabolic lactic acidosis. Finally, fever and lung disease
may also result in excessive ventilation and a respiratory alkalosis.

The differential diagnosis is listed in (Table 4-8).

Patients with a history of asthma or COPD should
be asked about a prior history of intubation or ICU
admission. Such patients are at greater risk for res-
piratory failure.

Step 2: Check the pH

\

An ABG reveals a pH of 7.22, FaCO, of 70 mm Hg, and
Fa0, of 55 mm Hg.

The low pH on the ABG confirms the primary process is due to
an acidosis.

Table 4-8. Diagnostic hypotheses for Mr.R.

Diagnostic

Hypothesis Clinical Clues Important Tests

Leading Hypothesis

Acute Severe underlying Decreased pH
respiratory lung disease Elevated PaCO,
acidosis Worsening symptoms  Near normal HCO;~

Respiratory distress

Pulsus paradox

Decreased breath

sounds

Prior history of

intubation

ICU admission

Active Alternatives—Most Common

Chronic Severe underlying Decreased pH

respiratory lung disease Elevated PaCO,

acidosis Decreased breath Elevated HCO,-
sounds

Respiratory Fever Elevated pH

alkalosis Pain Decreased PaCO,
Anxiety Near normal HCO;-

Active Alternatives—Must Not Miss

Sepsis: anion Fever Decreased pH, HCO,~,

gap metabolic  Source of infection and PaCO,

acidosis Shaking chills Increased anion gap
Oliguria Positive blood cultures

Hypotension Increased lactate
Altered mental

status
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Step 3: Determine Whether the Primary
Disorder Is Due to a Metabolic
or Respiratory Process

\

Na+, 126 mEq/L; K+, 5.1 mEqg/L; HCO5~, 27 mEqg/L; CI-,
102 mEq/L; BUN, 30 mg/dL; creatinine, 1.2 mg/dL.

The PaCO, and HCOj;~ are elevated. Since an elevated PaCO,
would lower pH and cause an acidemia (whereas an elevated
HCO;~ would not), the primary process is a respiratory acidosis.

Step 4: Calculate Whether
Compensation Is Appropriate

In this case, it is critical to determine whether the PaCO, is chron-
ically elevated or whether this represents an acute decompensa-
tion. Acute respiratory acidosis can be distinguished from chronic
respiratory acidosis by evaluating the degree of metabolic com-
pensation. Metabolic compensation takes time since it requires
renal generation of HCO;~. Therefore, metabolic compensation is
more complete in chronic respiratory acidosis. Formulas (see
Table 4-1) allow us to calculate the HCO; levels we might expect
in an acute versus chronic respiratory acidosis. In acute respiratory
acidosis, the HCOj increases by only 1 mEq/L for every 10 mm
Hg increase in PaCO,. In Mr. R’s case, the PaCO, is up by 30 mm
Hg (from a normal of 40 mm Hg), so #f this were an acute respira-
tory acidosis we would expect the HCOj5~ to increase by only
3 mEqg/L (from a normal of 24 mEq/L to 27 mEq/L).

On the other hand, in chronic respiratory acidosis we expect an
increase of 3.5 mEq/L of HCO;~ per 10 mm Hg increase in
PaCO,. For a 30 mm Hg increase in PaCO,, you would predict
an increase in HCOj; of 3 X 3.5 = 10.5 mEq #f this were a chronic
respiratory acidosis.

Mr. R’s laboratory results reveal a HCO; of 27 mEq/L, an
increase of only 3 mEqg/L from a normal baseline of 24 mEq/L.
Therefore, the tiny metabolic compensation suggests that Mr. R is
suffering from an acute respiratory acidosis and you should be
alert to the potential for complete respiratory failure.

It is vital to distinguish acute from chronic respira-
tory acidoses.

Step 5: Calculate the Anion Gap
The anion gap =138 — (102 + 27) = 9.

Mr. R has a normal anion gap, ruling out a coexistent hidden
anion gap metabolic acidosis. His laboratory test results suggest an
acute respiratory acidosis.

\

Other initial laboratory test results include WBC,
16,500/mclL with ©2% granulocytes and 10% bands.
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Chest radiograph reveals hyperinflated lung fields and a
left lower lobe infiltrate.

W

Leading Hypothesis: Respiratory Acidosis

Is the clinical information sufficient to make
a diagnosis? If not, what other information
do you need?

Textbook Presentation

The presentation of respiratory acidosis depends primarily on the
underlying cause. The most common causes are severe underlying
lung or heart diseases (ie, COPD or HF). Such patients are typi-
cally in extreme respiratory distress.

Disease Highlights

A. Insufficient ventilation results in increasing levels of PaCO,.
This in turn lowers arterial pH. Compensation occurs over
several days, with increased renal HCO;~ regeneration.

B. Ventilation is assessed by measuring the arterial PaCO, and
pH. Significant hypoventilation and acidosis may occur with-
out significant hypoxia.

\'g

C. Edology: Although most commonly due to lung or heart dis-
ease, respiratory acidosis may result from any disease affecting
ventilation-from the brain to the alveoli. (See differential
diagnosis of acid-base disorders above.)

Pulse oximetry should never be used to assess ade-
quate ventilation. An ABG is required in patients at
risk for respiratory failure.

D. Manifestations are primarily CNS.

1. Severity depends on acuity. Patients with chronic hyper-
capnia have markedly fewer CNS effects than patients
with acute hypercapnia.

2. Anxiety, irritability, confusion, and lethargy

3. Headache may be prominent in the morning due to the
worsening hypoventilation that occurs with sleep.

4. Stupor and coma may occur when the PaCO, >
70-100 mm Hg.

5. Tremor, asterixis, slurred speech, and papilledema may be
seen.

Evidence-Based Diagnosis
A. Typically characterized by PaCO, > 43 mm Hg,.
1. Occasionally, a normal PaCO, suggests respiratory failure.

a. For example, patients with asthma typically hyperven-
tilate and present with a PaCO, below normal. A nor-
mal PaCO, in such a patient may reflect respiratory
fatigue and herald the development of frank respiratory
failure.

b. Analogously, patients with a metabolic acidosis should
hyperventilate to compensate and the expected PaCO,
is actually below normal. In such states, a PaCO, of
40 mm Hg would be inappropriate and represent a res-
piratory acidosis.

c. Inability to compensate for a metabolic acidosis is asso-
ciated with an increased risk of respiratory failure and
the subsequent need for intubation.

2. The alveolar-arterial oxygen gradient (PAO,-Pa0,) can help
distinguish hypercapnia due to pulmonary disease from
hypercapnia due to CNS disease (central hypoventilation).
a. This gradient compares the calculated alveolar partial

pressure of oxygen (PAO,) with the measured arterial

partial pressure of oxygen (PaO,).

(1) In the absence of lung disease, there is little differ-
ence between the alveolar and arterial O,.

(2) A normal A-a gradient is around 10 mm Hg,.

b. Therefore, the A-a gradient is usually normal in
hypoventilation due to CNS disease but increased in
pulmonary disease.

c. The PaO, is measured in an ABG and the PAO, is cal-
culated from the following formula:

PAO, = FIO, x (pAtm — pH,0) — PaCO,/R.

d. FIO, is the fraction of inspired oxygen: 0.21 for patients
not on supplemental oxygen. pAtm = 760 at sea level,
the partial pressure of H,O = 47 and PaCO, is the arte-
rial PCO, measured in the blood gas. R refers to the res-
piratory quotient and is often estimated at 0.8.

B. Pulsus paradox
1. Defined as > 10 mm Hg drop in systolic BP during inspi-

ration

2. May be seen in patients using unusually strong inspiratory
effort

3. Insensitive for severe asthma

4. When pulsus paradox is marked, there is a high LR of
severe disease (Table 4-9).

Treatment

A. Treat underlying disease process (ie, bronchodilators for
asthma, naloxone for narcotic overdose).

B. Supplemental oxygen should be given as necessary to prevent
hypoxemia.

\V g

C. Avoid hypokalemia and dehydration that may worsen meta-
bolic alkalosis, raise the serum pH and inadvertently further
suppress ventilation.

Supplemental oxygen occasionally worsens hyper-
capnia in some patients with severe COPD,
asthma, and sleep apnea but should never be with-
held from hypoxic patients.

Table 4-9. Pulsus paradox in severe asthma.

Sensitivity Specificity LR+ LR-
Pulsus > 10 mm Hg 53-68% 69-92% 27 0.5
Pulsus > 20 mm Hg 19-39% 92-100% 82 0.8
Pulsus > 25 mm Hg 16% 99% 226 0.8




D. Mechanical ventilation with either intubation or BiPAP is life-
saving in some patients.

1.

2.

Institution of mechanical ventilation is considered when
pH < 7.1-7.25 or PaCO, > 80-90 mm Hg.

In general, patients with acute hypoventilation require
mechanical ventilation with milder hypercapnia than
patients with chronic hypoventilation.

CASE RESOLUTION

Y

Mr. R is transferred to the ICU where he is placed on ven-
tilatory support with biphasic positive airway pressure
(BIFAP) and antibiotice. Over the next 5 days, his pneu-
monia improves. On day &, BiFAF is discontinued and he

is sent to the medical floors.

REVIEW OF OTHER IMPORTANT DISEASES
General Principles of Lactic Acidosis

Textbook Presentation

The presentation of lactic acidosis depends on the underlying eti-
ology. The most common causes are hypoxemia, septic shock, car-
diogenic shock, or hypovolemic shock.

Disease Highlights

A. Lactic acidosis develops when oxygen delivery to the cells is
inadequate. This results in anaerobic metabolism and the pro-
duction of lactic acid. Therefore, the differential diagnosis can
be remembered by tracing the pathway of oxygen from the
environment through the blood to the cells and mitochon-
dria. Any disease that interferes with oxygen delivery can
cause lactic acidosis (Table 4-2).

1.

3.

4.

Low oxygen carrying capacity

a. Hypoxemia (from pulmonary or cardiac disease)

b. Severe anemia

c. Carbon monoxide poisoning (interferes with oxygen
binding)

Inadequate tissue perfusion (shock)

a. Hypovolemic shock

b. Cardiogenic shock

c. Septic shock

Regional obstruction to blood flow (eg, ischemic bowel or
gangrene)

Inadequate cellular utilization of oxygen (cyanide
poisoning)

. Occasionally, lactic acidosis develops secondary to unusu-

ally high demand exceeding oxygen supply (eg, intense
exercise, seizures).

B. As noted above, a common cause of lactic acidosis is shock,
defined as inadequate tissue perfusion.

1.

Manifestations of shock include hypotension, oliguria,
and impaired mentation.

7.
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. Since hypotension almost always accompanies shock, the

differential of shock can be deduced by considering the
components of BP:

BP = cardiac output (CO) x total peripheral resistance (TPR)
CO = stroke volume (SV) x heart rate (HR)
Simple substitution: BP = SV x HR x TPR
SV = end-diastolic volume (EDV) — end-systolic volume (ESV)
Simple substitution: BP = (EDV — ESV) x HR x TPR

Evaluating each constituent in turn illustrates the differen-
tial diagnosis and mechanism of hypotension and shock.

. Low EDV decreases CO and if severe, results in Aypov-

olemic shock. The low CO causes a compensatory increase
in SVR producing cold extremities and oliguria.

a. Common causes include massive hemorrhage and
dehydration.

b. Less common causes include massive pulmonary
embolism and cardiac tamponade.

. Elevated ESV occurs in left ventricular failure. When

severe, this defines cardiogenic shock. The decreased CO

causes decreased BP and a compensatory increase in SVR.

a. Patients are usually hypotensive, oliguric, and have cold
extremities.

b. Etiologies include massive MI and severe HF of other
etiologies.

. Markedly abnormal heart rates, either tachycardias or

bradycardias, can cause shock (eg, ventricular tachycardia,

heart block).

. Low TPR is usually caused by septic shock. In this case,

infection and the body’s response to infection triggers
excessive vasodilatation.

a. Patients are often febrile and may complain of rigors or
symptoms specific to their underlying infection.

b. Urinary tract infection, pneumonia, and bacteremia
from an indwelling catheter are some of the common
causes of septic shock. Extremities are often warm (due
to the vasodilatation).

c. Less common causes of low TPR include adrenal crisis
and anaphylaxis.

Hemodynamic features of shock are summarized in

Table 4-10.

Lactate elevation is associated with a substantially increased
mortality in a variety of situations. The mortality rate of
patients with shock and a lactic acidosis was 70% compared
with 25-35% in patients with shock without lactic acidosis.

Evidence-Based Diagnosis

A.

B.
C.

\V g

Serum lactate levels are more sensitive than an increase in the
anion gap.

An elevated anion gap is 44—67% sensitive.

An elevated anion gap may suggest a lactic acidosis, but a nor-

mal anion gap does not exclude a lactic acidosis.

A serum lactate level should be ordered in critically
ill patients in whom shock is suspected regardless of
the anion gap.
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Table 4-10. The hemodynamic features of shock.!2

Etiology Clinical Clues Mechanism

Cardiac Output

Systemic Vascular Left Ventricular Filling
Resistance Volume? (PcW)

Massive MI TESV
Severe HF

Cold extremities

Arrhythmias

Cardiogenic shock

W ™ T

Hematemesis LEDV
Melena

Hematochezia

Vomiting Diarrhea

Heat stroke

Abdominal pain

Hypovolemic shock

W " W

Septic shock Fevers L TPR
Rigors
Dysuria
Flank pain
Cough
Indwelling line

Tthen ) W

1 to normal

'Principal abnormality is bolded.
2BP = (EDV - ESV) x HR X TPR

3Left ventricular (LV) filling can be estimated by using an invasive catheter and measuring the pulmonary capillary wedge pressure (PcW).This estimates LV end-

diastolic pressure and thereby LV filling.

EDV, end-diastolic volume; ESV, end-systolic volume; HF, heart failure; HR, heart rate; MI, myocardial infarction; TPR, total peripheral resistance.

Treatment

Treatment of lactic acidosis should target the underlying condi-
tion. A variety of buffering agents (ie, NaHCO;) have been tried
and failed to demonstrate improved hemodynamics or survival.

Renal Tubular Acidosis (RTA)

Textbook Presentation

Although there are a variety of RTAs, the most common type in
adults is hyporenin hypoaldosterone RTA (type 1V). Classically,
patients have long-standing diabetes, mild renal insufficiency, a
mild non-anion gap metabolic acidosis (HCO;~ = 17 mEq/L) and
hyperkalemia. Only the highlights of type IV RTA will be

reviewed here.

Disease Highlights
A. Patients with type IV RTA have hypoaldosteronism.

B. Hypoaldosteronism interferes with potassium and H* excre-
tion resulting in hyperkalemia and acidosis.

C. The hyperkalemia also interferes with ammonia production (the
major renal buffer) and further impairs acid secretion. The inabil-
ity to excrete the daily acid load causes a non-anion gap acidosis.

D. In patients with diabetes mellitus, type IV RTA is associated
with low renin levels.

E. The low renin, aldosterone and angiotensin levels may cause
orthostatic hypotension

E. Etologies of type IV RTA are numerous.
1. Diabetes with mild renal impairment is the most common.
2. Other causes include

a. Drugs (NSAIDs, ACE inhibitors, potassium-sparing
diuretics, trimethoprim, heparin, and cyclosporine)

b. Addison disease

c. Systemic lupus erythematosus
d. AIDS nephropathy

e. Chronic interstitial renal disease

Treatment

Dietary potassium restriction, loop diuretics, and fludrocortisone
are useful.

D-Lactic Acidosis

D-lactic acidosis is a rare disorder seen in some patients with
jejunoileal bypass or short bowel. The bypass or short bowel results
in carbohydrate malabsorbtion and delivery of this carbohydrate to
the colon where colonic bacteria metabolize it into D-lactic acid,
which is absorbed. (Endogenous lactate is L-lactic acid.) Presenting
manifestations include encephalopathy and metabolic acidosis after
carbohydrate ingestion. Patients may appear intoxicated and show
the following symptoms and signs: altered mental status ranging
from drowsiness to coma (100%), slurred speech (65%), ataxia
(45%), and disorientation (21%) that may follow large carbohy-
drate meals. Attacks last from hours to days. It is unclear if the neu-
rologic symptoms are secondary to the D-lactic acid or other
absorbed toxins. Laboratory tests reveal an anion gap acidosis.
Lactate measurements may be falsely negative since standard lactate
tests measure L-lactate rather than D-lactate. Special assays must be
requested to measure D-lactate. In addition, the anion gap may
be smaller than expected because D-lactate is not reabsorbed by the
kidney (unlike L-lactate) and is excreted.

Starvation Ketosis

Typically, starvation ketosis occurs in patients with diminished
carbohydrate intake. Ketosis is usually mild (HCO,~2> 18 mEq/L)
and serum glucose is usually normal. Serum pH is usually normal.



Alcoholic Ketoacidosis

Alcoholic ketoacidosis usually occurs in advanced alcoholism
when the majority of calories come from alcohol. It may be pre-
cipitated by decreased intake, pancreatitis, GI bleeding, or infec-
tion. The metabolic acidosis can be profound. Toxic ingestions
(methanol, paraldehyde, and ethylene glycol) and lactic acidosis
should also be considered.

Metabolic Alkalosis

Textbook Presentation

The most common clinical situations that give rise to metabolic
alkalosis are recurrent vomiting or diuretic treatment. The meta-
bolic alkalosis per se is usually asymptomatic. Muscle cramping
due to coexistent hypokalemia may be seen.

Disease Highlights

A. Metabolic alkalosis develops only when there is borh an
increased production of HCO;~ and a renal stimulus to reab-
sorb NaHCO;~. In the absence of a concomitant renal stim-
ulus to reabsorb NaHCO;~, overproduction simply results in
increased renal HCO;~ excretion.

B. The most common mechanism that promotes NaHCO;-
reabsorption is decreased renal perfusion. This occurs when
the effective circulating volume is reduced.

1. Examples include dehydration or other pathologic states
associated with decreased renal perfusion (ie, HE
nephrotic syndrome). The decreased renal perfusion pro-
motes avid sodium reabsorption in the proximal tubule,
which in turn facilitates HCO;~ reabsorption (Figure 4-3).

2. Hypokalemia also promotes HCO;~ reabsorption.
C. Pathologic states associated with metabolic alkalosis
1. Vomiting or nasogastric drainage. Pathophysiology:

a. Gastric acid production (and secretion) is matched by
HCOj;~ production. The H* ion enters the gastric
lumen, whereas the HCO;~ enters the bloodstream.

Blood PCT Renal tubule
HCO3

v

Na* —= Na* ZzNa+

HCO; —= HCO3 H* \

H,CO4 H,CO4
CO, + H,O -*——— CO, + H,0

\_/

Figure 4-3. Reabsorption of HCO;- in hypovolemia. Hypov-
olemia increases reabsorption of sodium in exchange for hydro-
gen ion at the proximal convoluted tubule (PCT).The hydrogen
ion reacts with HCO,~ eventually forming CO,, which crosses the
cell membrane. HCO,~ is then regenerated and delivered to the
bloodstream.
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b. Dehydration causes increased sodium reabsorption
in the nephron, which results in elevated HCO;~
reabsorption.

c. Secondary hyperaldosteronism leads to increased
sodium reabsorption in exchange for potassium and
hydrogen further augmenting HCO,~ production.

d. Chloride depletion also contributes to the metabolic
alkalosis.

(1) In health, HCO;~ excretion is facilitated by a chlo-
ride absorption.

(2) A chloride/HCO;~ exchanger located at the lumi-
nal membrane of tubular cells secretes HCO;~ in
exchange for chloride absorption.

(3) During chloride depletion, the low intraluminal
chloride levels decrease this exchange interfering
with HCO;~ secretion.

(4) In addition, the low intraluminal chloride levels
facilitates chloride secretion with H* into the
tubules. This also facilitates HCO,~ reabsorption.

N

. Dehydration or other causes of reduced glomerular filtra-
tion rate (GFR) (ie, HE nephrotic syndrome)

. Diuretics

= N

. Hypokalemia

n

. Hyperaldosteronism
a. Adrenal adenoma

b. Licorice ingestion (Normally, a renal enzyme converts
cortisol to cortisone in order to prevent cortisol from
exerting a significant mineralocorticoid effect. Licorice
contains the steroid glycyrrhizic acid which blocks this
enzyme resulting in a heightened mineralocorticoid
effect from endogenous cortisol.)

(=)}

. Bartter or Gitelman syndromes

N

. Respiratory acidosis also promotes a compensatory meta-
bolic alkalosis. Occasionally, rapid resolution of the respi-
ratory failure will correct the hypercapnia, resulting in a
transient inappropriate metabolic alkalosis (posthypercap-
nic metabolic alkalosis).

Treatment

A. Volume resuscitation with NaCl in patients with true volume
depletion usually results in resolution.

B. Replete potassium deficiency.

C. Carbonic anhydrase inhibitors and low bicarbonate dialysis can
be used in severe cases, particularly in patients with HF (and
ineffective circulating volume) who cannot tolerate NaCl.

Respiratory Alkalosis

Textbook Presentation

The presentation of respiratory alkalosis depends on the underly-
ing disorder. Most causes are associated with tachypnea, which can
be dramatic or subtle.

Disease Highlights

A. Hyperventilation induces hypocapnia causing respiratory
alkalosis.

B. Most common causes include pulmonary disease, fever, pain,
or anxiety.
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C. Hypocapnia acutely reduces CNS blood flow.

D. Symptoms include paresthesias (particularly perioral), vertigo,
dizziness, anxiety, hallucinations, myalgias, and symptoms
reflective of underlying disorder.

E. Adverse effects include decreased cerebral blood flow,
hypokalemia, hypocalcemia, lung injury, seizures, angina, and
arrhythmias.

Treatment
Therapy is directed at the underlying disorder.

Mixed Disorders and the “Delta-Delta Gap”

A. Occasionally, 2 distinct metabolic processes will be present in
the same patient; for example 2 distinct acidoses, one anion
gap and one non-anion gap, may develop in one patient.
Another patient with vomiting and dehydration will develop
a metabolic alkalosis and, if prolonged sufficiently, also
develop severe dehydration, hypovolemic shock, and a lactic
acidosis.

B. These multiple metabolic processes can be difficult to tease out.
C. One approach to this problem is to evaluate the delta-delta gap.

Here the absolute fall in HCO;~ (the first delta) is compared
with the absolute rise in the anion gap (the second delta).

1. In simple anion gap acidoses, the deltas match.

2. On the other hand, in a patient with both a gap and non-
anion gap acidoses, the fall in HCO,~ will be greater than
the rise in the anion gap.

3. In patients with an anion gap acidosis and a metabolic
alkalosis the fall in HCO,~ will be antagonized by the con-
comitant metabolic alkalosis whereas the anions will still
accumulate. Therefore, the fall in HCO;~ is less than the
rise in the anion gap.

D. While occasionally useful, there are several limitations to
applying the delta-delta gap.

1. The normal anion gap varies from institution to institu-
tion and with the patient’s serum albumin.

2. In anion gap acidosis both the acuity of the acidosis and
the anion itself affect the magnitude of the anion gap.
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| have patients with AIDS-related complaints.

| have a patient with risk factors for HIV and multiple
complaints. How do | diagnose or exclude HIV infection?

CHIEF COMPLAINT

PATIENT W

Mr. O is a 29-year-old white man with a history of unpro-
tected anal intercourse with multiple partners. He has
noticed some oral lesions and weight loss. He is quite
worried and wants to know if he is infected with HIV.

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Mr. O presents with weight loss and significant HIV risk factors.
Men who have sex with men (MSM) are at very high risk for
acquiring HIV infection, especially if they have multiple partners
and do not use condoms consistently. Mr. O is well aware of his
high-risk behavior and is rightly concerned that his weight loss
and oral lesions may suggest HIV infection. He comes to your
office to be tested for HIV.

This discussion will focus on his chief concern: whether he has
acquired HIV infection.

\

Mr. O’s past medical history is remarkable for a history
of eyphilis and gonorrhea. Physical exam reveals a thin
white man. He is 6’ tall and weighs 140 pounds. HEENT
exam reveals white coating on the palate consistent with
thrush. Cardiac and pulmonary exam are unremarkable.

Is the clinical information sufficient to make
W a diagnosis? If not, what other information

V" do you need?

Leading Hypothesis: HIV infection

Textbook Presentation

Chronic HIV infection may present in a myriad of ways. Many
patients are asymptomatic in spite of long-standing HIV infection
and even advanced immune deficiency. Other patients have condi-
tions that suggest possible HIV infection but are frequently encoun-
tered in non—HIV-infected persons (eg, tuberculosis (TB), idio-
pathic thrombocytopenic purpura, nephropathy, cardiomyopathy,
unexplained chronic diarrhea, herpes zoster, non-Hodgkin lymphoma).

67

HIV infection may be diagnosed only after a patient secks medical
attention for an opportunistic infection or malignancy that is highly
suggestive of severe T-cell immunodeficiency (eg, oral candidiasis,
pneumocystosis, cryptococcosis, Kaposi sarcoma, primary CNS lym-
phoma). Nonspecific skin findings, such as severe or refractory sebor-
theic dermatitis, psoriasis, and prurigo nodularis (see below for skin
findings in HIV infected patients), may suggest the diagnosis.

Disease Highlights
A. Prevalence

1. In December 2007, about 33.2 [30.6-36.1] million peo-
ple were reported living with HIV worldwide (Table 5-1).

2. Rates vary dramatically by gender and ethnicity (Figure 5-1).

3. The Center for Disease Control and Prevention (CDC)
estimates that at the end of 2003 the total number of per-
sons in the United States living with HIV was > 1 million
(1,039,000-1,185,000). Approximately 25% are unaware
that they are infected.

Pathogenesis

1. HIV is a retrovirus. The viral enzyme reverse transcriptase
uses the viral RNA genome as a template for production
of DNA that is integrated into the cell genome.

2. The HIV virus carries 3 enzymes: reverse transcriptase, inte-
grase, and protease; all 3 enzymes are targets of highly effec-
tive inhibitors.

3. Transmission
a. The virus is present in blood, semen, and vaginal fluid.

b. Common modes of transmission include male to male
sexual transmission (62% of cases), needle sharing
among injection drug users (17% of cases), heterosexual
transmission (13% of cases), and vertical transmission

from mother to child.

c. Low viral loads decrease the rate of sexual transmission.
Presence of sexually transmitted diseases (STDs), especially
those that cause genital ulceration, increase the risk.

. Transmission through blood transfusion has been
greatly reduced by blood product screening, imple-
mented in 1985. Current risk associated with blood
transfusion is = 1/1,800,000 units in the United States
with the current use of donor screening, and blood
testing for HIV 1 and 2.

e. The highest risk of sexual transmission is among
patients with unprotected receptive anal intercourse,
sex-for-hire workers, sexual contacts of sex-for-hire
workers, and individuals with multiple sexual partners.
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Table 5-1. Global summary of the AIDS epidemic.

Number of people Total 33 million
living with HIV in 2007 (30-36 million)
Adults 30.8 million

(28.2-34.0 million)

Women 15.5 million
(14.2-16-9 million)

Children 2.0 million
under 15y (1.9-2.3 million)
People newly infected  Total 2.7 million
with HIV in 2007 (2.2-3.2 million)
Adults 2.3 million
(1.9-2.8 million)
Children 370,000 (330,000-410,000)
under 15y

AIDS deaths In 2007 Total 2.0 million (1.8-2.3 million)

Adults 1.8 million (1.6-2.1 million)

Children 270,000 (250,000-290,000)
under 15y

Reproduced, with permission, from 07 AIDS Epidemic Update, Joint United
Nations Programme on HIV / AIDS (UNAIDS) and World Health Organization
(WHO).

Black men 115.7

Hispanic/Latino
men

White men 19.6

Black women 55.7

Hispanic/Latino
women

White women | | 3.8

0 20 40 60 80 100 120 140
Rate per 100,000 population

Figure 5-1. Estimated rates of new HIV infections by race/eth-
nicity and gender, 2006. Total new infections estimated at 56,300
(95% confidence interval 48,200-64,500) new HIV infections in
the United States. Source: MMWR Analysis Provides New Details
on HIV Incidence in U.S. Populations. CDC HIV / AIDS Facts,
September 2008.

4. Immune destruction

a. The HIV surface protein GP 120 selectively binds first
to the CD4 T receptor (main HIV receptor), then to
one of two chemokine receptors (CCR5 or CXCR4)
on CD4 T positive lymphocytes (helper cells).

b. HIV replicates mostly in activated CD4 T cells.

c. In acute HIV infection, there is a very rapid decrease
in the CD4 T lymphocytes in the gut associated
lymphoid tissues (GALT) but only a moderate and
partially reversible decrease in the CD4 T lymphocyte
count in the blood.

d. In chronic HIV infection, there is a very slowly pro-
gressive decrease in the CD4 T lymphocyte count in
the blood. This reflects about 2 billion cells destroyed
and replaced every day. Both HIV-infected CD4 T
lymphocytes and noninfected CD4 T lymphocytes are
activated and destroyed.

e. In most infected individuals, CD4 T cell death eventually
outstrips CD4 T cell production, resulting in progressive
depletion of CD4 helper lymphocytes in the blood.

(1) When the absolute CD4 T lymphocyte count falls
below 200/mcL, the patient is said to have
immunologic AIDS.

(2) A small percentage of infected individuals do not
drop their CD4 counts over time (long-term
Nonprogressors).

f. CD4T cell counts below 200/mcL render patients sus-
ceptible to a wide array of opportunistic infections and
malignancies.

5. Viral mutations
a. The HIV virus mutates frequently.

b. A high rate of mutations occurs because the reverse
transcriptase enzyme is error prone and HIV replicates
very rapidly (10 billion new viruses a day.)

c. This allows for the rapid development of genetic variants.

d. Effective therapy requires complete or near complete
suppression of viral replication to prevent the production
of mutations associated with drug resistance (see below).

C. Staging
1. Stages of HIV infection include viral transmission, primary

infection, seroconversion, clinically latent period, early symp-
tomatic HIV infection, AIDS and advanced HIV infection.

a. Primary infection

(1) May be asymptomatic but up to 70% of patients
may experience a “mononucleosis syndrome” with
fever, rash, sore throat, diarrhea, lymphadenopathy,
arthralgia, headache, and flu-like symptoms. Acute
HIV infection should be considered when a
mononucleosis syndrome fails to show evidence of
infection by Epstein-Barr virus (EBV) (negative
heterophile antibody, negative EBV viral capsid
antibody (VCA) IgM) or cytomegalovirus (CMV)
(negative CMV IgM).

(2) Standard HIV enzyme immunoassay (EIA) and
Western blot tests require an antibody response
and are therefore negative during early primary
infection (window period).

(3) HIV viral load is markedly elevated (> 10,000/mcL
and usually > 50,000/mcL)
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(4) Diagnosis requires high index of suspicion and 106 -
detection of HIV viral load.

b. Seroconversion

(1) Associated with a fall in HIV viral load with stabiliza-

tion within 6 months to a stable level, the set point. 105k

(2) In the absence of anti-HIV therapy, the set point
predicts the rate of disease progression (ie, higher

viral loads are associated with more rapid declines
in CD4 cell counts).

c. Clinically latent period 104 |

(1) Following primary infection, viral replication
continues primarily within activated CD4 T
lymphocytes.

HIV-1 in plasma (copies)

(2) Continued viral replication results in progressive 103 -

destruction of the CD4 T lymphocyte pool.

(3) Persistent generalized lymphadenopathy is seen in
some patients.

Detection threshold

2.0

(4) Progression to an AIDS-defining illness is more I S S N N M N
common in patients with higher viral loads and 0 0.5 1.0 15
lower CD4 counts (Table 5-2 and Figure 5-2). Years after infection

(5) Progressive depletion of CD4 T lymphocytes ren- Figure 5-2. Relationship of viral load set point to development
ders patients increasingly susceptible to oppor- of AIDS. Source: http:/research.bidmc.harvard.edu/VPTutorials/
tunistic infections and malignancies. HIV/Tpath03a.htm

d. Early HIV discase before severe CD4 T cell depletion
is associated with an increased risk of infections by
relatively virulent pathogens (eg, bacterial pneumonia

and TB).

e. Advanced HIV disease is accompanied by marked CD4
T cell depletion and by infection with both virulent and
relatively avirulent (opportunistic) infections (eg, Cryp-
tococcus and  Pneumocystis jiroveci pneumonia (PCP)).

cryptosporidiosis), and other conditions (HIV-
associated dementia, wasting syndrome).

(c) Advanced HIV infection defined as CD4 T

count < 50/mcL

(1) Specific pathogens tend to occur only when the CD4 . . .
T cell count falls below a critical level (Figure 5-3). Evidence-Based Diagnosis
(2) AIDS diagnostic criteria Similar to any other diagnosis, the positive predictive value
(a) CD4 T count < 200/mcL and/or (PPV) is determined by 3 features: the pretest probability of
disease, the sensitivity of the test, and the specificity of the test.

(b) AIDS, indicat.oF COI.lditiOI’l: Co'mmon. AID,S Each feature must be carefully evaluated in order to properly
defining conditions include malignancies (pri- interpret HIV results.

mary CNS lymphoma, non-Hodgkin lym-

phoma, Kaposi sarcoma, and invasive cervical A. Estimating pretest probability of HIV infection

cancer), opportunistic infections (PCP, TB, 1. Risk factors include MSM, injection drug abuse, and
Mycobacterium avium complex [MAC], recur- multiple sexual partners.

rent bacterial pneumonia, esophageal candidia- 2. The prevalence of HIV infection varies from as low as
sis, cryptococcosis, progressive multifocal 0.3% in the general US population to > 50% in certain
leukoencephalopathy [PML], toxoplasmosis, high-risk groups.

Table 5-2. Percentage of patients not receiving HAART who progress to AIDS as a function of initial CD4 count and viral load.

HIV RNA HIV RNA HIV RNA HIV RNA
<500 copies/mL 3001-10,000 copies/mL 10,001-30,000 copies/mL > 30,000 copies/mL
CD4+ >750  CD4+<750 CD4+>750 (CD4+<750 CD4+>750  CD4+<350 CD4+ >500 CD4+351-500
cells/mcL cells/mcL cells/mecL  cells/mcL cells/mcL cells/ mcL cells/mcL cells/mcL
Percentage of 0 3.7 3.2 8.1 9.5 40.1 326 47.9
patients with
AIDS by 3 years

HAART, highly active antiretroviral therapy.
Reproduced, with permission, from Mellors JW et al. Plasma viral load and CD4+ lymphocytes as prognostic markers of HIV-1 infection. Ann Intern Med.
1997:946-54.


http://research.bidmc.harvard.edu/VPTutorials/HIV/Tpath03a.htm
http://research.bidmc.harvard.edu/VPTutorials/HIV/Tpath03a.htm

70 / CHAPTER 5

800
Lymphadenopathy
Thrombocytopenia
600 Bacterial skin infections
600 .
Herpes simplex, zoster
500 Oral, skin fungal infections
Karposi sarcoma
400 - 400
Hairy leukoplakia
Tuberculosis
300
PCP
200 - Cryptococcosis
200 Toxoplasmosis
CMV
100 Lymphoma
O -
MAC

Months Years

Figure 5-3. Common opportunistic infections as a function of CD4 count. Typical threshold values for infection
(ie, Pneumocystis jiroveci pneumonia [PCP] is uncommon in patients with CD4 count > 200 cells/mcL). (CMV,

cytomegalovirus; MAC, Mycobacterium avium complex.)

B. Sensitivity and specificity of tests for HIV

1. The diagnosis of chronic HIV infection involves the detec-
tion of antibody in a two-step process: initial screening
with HIV-1 EIA and confirmatory HIV-1 Western blot to
confirm repeatedly positive EIA.

HIV EIA testing

HIV-1 EIA detects antibody to HIV-1 antigens. (Almost
all HIV infections in the United States are HIV 1 of the
group or type M [for main], subtype or clade B.)

. Sensitivity > 99%, specificity 98-99%

c. False-positive results may be seen in a variety of cir-
cumstances, including recent influenza or hepatitis B
immunization, DNA virus infections, increasing parity,
positive rapid plasma reagin (RPR), improper heating,
clerical error, HIV vaccine, cross reacting antibody.

a.

. Confirmatory testing with a positive HIV-1 Western
blot is required before the diagnosis of HIV infection
can be made.

. False-negative EIA tests. Etiologies include

(1) Recent HIV infection prior to development of
antibodies (window period). With the newer tests,
seroconversion occurs within 10 days to 6 weeks in
most patients, and virtually all patients seroconvert
within 6 months.

(2) Rare causes of false-negative results include
advanced AIDS with sero-reversion (rare), immuno-
suppressive therapy, malignancy, bone marrow
transplant, B-lymphocyte dysfunction, replacement
transfusion, hypogammaglobulinemia, and infec-

tions by rare HIV types.

False-negative HIV-1 EIA is usually due to recent
infection (window period).

3. Western blot testing
a. Detects antibody to multiple HIV antigens and sepa-

rates them using electrophoresis.

b. Positive results require at least 2 of the following three
bands: gp160/120, gp41, and p24. With such criterion,

the Western blot can still very rarely be falsely positive.
. Negative results require the absence of any visible bands.
(1) False-negative Western blot tests in the presence of
a positive HIV EIA occur in the window period.
(2) Other causes of false-negative results are rare in the
United States.
. Indeterminate results
(1) Occur in 10-15% of cases
(2) Most patients have p24, p17, or both.
(3) May represent either early HIV infection (during

the window period) or lack of HIV infection
(cross-reacting antibodies, HIV vaccine).
(4) Infected patients in the window period will have a

high viral load.

(5) Patients with persistent, stable, indeterminate
Western blot who have no new bands over 6 months
are not infected with HIV 1.

4. Combination HIV-1 EIA and HIV-1 Western blot testing

a. Combination strategy uses initial testing with HIV-1
EIA or HIV-1 and HIV-2 EIA (third-generation test).



(1) Patients with negative HIV EIA are not tested fur-
ther; they do not have chronic HIV, although
recent HIV infection is possible.

(2) Positive results are confirmed with the Western
blot test.

b. Subsequent positive Western blot result confirms HIV
infection.

c. Subsequent negative Western blot result rules out HIV
infection.

d. This strategy further decreases the risk of false-positive
results.

e. False-negative results may still occur in patients tested
following recent infection.

f. Sensitivity, 99%; specificity, > 99%

False-positive combined HIV-1 EIA and HIV-1
Western blot are very rare but need to be considered
in very low prevalence populations (ie, blood donors

or pregnant women) or when an undetectable viral
load makes untreated HIV infection unlikely.

Treatment
A. Initial work-up and vaccinations
1. Initial work-up should include a thorough history and phys-
ical exam, including a pelvic examination and Papanico-
laou (Pap) smear in women.
2. Laboratory testing
a. Assesses current immune competence (absolute CD4

T-lymphocyte count, CD4 percentage, and HIV viral
load)

b. Look for coinfections common in HIV-positive popu-

lations with the following tests.

(1) RPR

(2) Serology for hepatitis B and C

(3) Toxoplasma IgG

(4) PPD

(5) In women, test for chlamydia and gonorrhea as
well as infection with the human papillomavirus
(HPV), which causes an abnormal Pap smear;

obtain HPV polymerase chain reaction (PCR) for
high-risk HPV serotypes (type 16 and 18).

c. Baseline labs: CBC, comprehensive metabolic panel,

lipid panel, G6PD level
2. Vaccinations
a. Pneumococcal vaccine should be given every 5 years.
b. Influenza vaccine should be administered each year.

c. Hepatitis B vaccine should be given to seronegative
patients, and hepatitis A vaccine should be given to
high-risk populations (ie, MSM)

B. Highly active antiretroviral therapy (HAART)

1. Has revolutionized HIV care in countries in which it is
available. AIDS defining illnesses, mortality, and hospital-
izations have decreased 60-80% since the introduction of
HAART (Figure 5-4).

2. The cornerstone of therapy is the simultaneous and unin-
terrupted use of multiple antiretroviral drugs to which the
virus is susceptible.

Incidence per 1000 patient-years

Incidence per 1000 patient-years

350 1
300
250
200

150 1
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Figure 5-4. Reduction in opportunistic infections following the
introduction of highly active antiretroviral therapy (HAART).
(Reprinted, with permission, from Kovacs JA et al. Prophylaxis
against opportunistic infections in patients with human immun-
odeficiency virus infection.N Engl J Med; 324:1416-1429.)

3. Complete suppression of viral replication is the goal of therapy.

a.

b.

The reverse transcriptase enzyme is highly error prone,
resulting in a very high HIV mutation rate.
The high mutation rate of the HIV virus facilitates

rapid drug resistance unless viral replication is almost
completely suppressed.

4. Lifetime therapy is necessary to prevent viral rebound even
in patients with undetectable viral loads for prolonged
periods of time.

5. Definite indications for HAART
a. HIV-infected pregnant women, regardless of CD4 T

cell count. (Risk of mother-to-child transmission is
reduced to below 1-2% with therapy.)

Symptomatic patients with life-threatening or serious
HIV-associated conditions (such as nephropathy, car-
diomyopathy, idiopathic thrombocytopenic purpura,
thrombotic thrombocytopenic purpura)

. Asymptomatic patients with immunologic AIDS

(CD4 T counts < 200/mcL)

. Asymptomatic patients with CD4 T cell counts

200-350/mcL to prevent severe immunodeficiency,
which is less likely to recover when HAART is started

Patients with HIV who have a coinfection with hepati-
tis B who require treatment of hepatitis B (because
hepatitis B therapy requires 2 drugs that also have HIV
activity and may select for HIV resistance)
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6.

f. Asymptomatic patients with CD4 T cell > 350/mcL
may be candidates for HAART if the HIV viral load is
> 100,000/mcL.

Controversial indications for HAART include acute HIV
infections. Some experts recommend HAART therapy for
individuals identified with an acute HIV infection.

Classifications of HAART

a. > 20 available drugs belong to 5 classes
(1) Protease inhibitors
(2) Nucleoside reverse transcriptase inhibitors (NRTTs)
(3) Non-nucleoside reverse transcriptase inhibitors

(NNRTTs)
(4) Integrase inhibitors

(5) Entry inhibitors (CCR5 receptor inhibitors and
fusion inhibitors)

b. Protease inhibitors inhibit the HIV protease, resulting
in lack of cleavage of a viral polyprotein precursor.

c. Reverse transcriptase inhibitors block reverse transcription

of viral RNA into DNA.

d. Integrase inhibitors prevent the integration of HIV
into the cellular DNA.

e. Entry inhibitors prevent HIV entry by either inhibiting
the CCR5 chemokine receptor (a co-receptor for HIV
surface protein, present on all CD4 T lymphocytes), or
by blocking the fusion of the HIV membrane with the
cell membrane (fusion inhibitor).

Guidelines recommend monitoring CD4 T cell count and
viral load every 3 months.

Patient adherence is key.

a. Adherence of 90-95% is required to maintain viral
control and prevent resistance.

b. High adherence has been shown to decrease morbidity
and mortality.

c. Moderately poor adherence (50-90%) has some clinical
benefits but promotes viral resistance, leading to eventual
failure of therapy.

d. Very poor adherence does not select for resistance but
has no clinical benefits.

10. Predictors of poor adherence include substance abuse,

mental illness, lack of access to medical care or medications,

11.

12.

13.

14.

1.
2.

lack of patient education, and poor trust between patient
and physician.

Goal of therapy: undetectable viral load (< 50/mcL) by
4-6 months.

Failure to achieve goal may be secondary to nonadherence,
viral resistance, or rarely other factors (ie, malabsorption,
interactions).

HIV testing for viral resistance is available (genotype and
phenotype) and helps guide therapy in patients not
responding to HAART. Decisions are complex and
require expert guidance.

HAART and HIV transmission

a. HAART has been associated with decreased risk of
HIV transmission.

b. However, HIV transmission has been documented
despite undetectable viral loads.

c. Inaddition to HAART, patients should be advised to
use latex or polyurethane male or female condoms,
use noninsertive practices avoiding mucosal expo-
sure to genital secretions, or abstain from sexual
activities to prevent acquiring or transmitting HIV
sexually.

. Primary and secondary prophylaxis of opportunistic infections

Primary prophylaxis prevents the initial infection.

Secondary prophylaxis prevents subsequent symptomatic
episodes after the initial infection (may not eradicate the
infection but prevent illness).

Primary prophylaxis
a. The CD4 T cell count is the best predictor of suscep-
tibility to opportunistic infections.

b. Susceptibility is determined by the current CD4 T cell
count rather than the nadir CD4 T cell count.

c¢. HAART usually results in an increased CD4 T cell
count, decreased risk of opportunistic infections and
decreased need for prophylactic therapy (either primary
or secondary). The current CD4 T cell count should
guide decisions (Table 5-3).

Secondary prophylaxis may be stopped in patients in
whom HAART restores the CD4 T count above the level
recommended for primary prophylaxis (Table 5-4).

Table 5-3. Primary prophylaxis of opportunistic infections in HIV-infected patients.

Pathogen

Indications for prophylaxis

Drug of Choice

PCP

CD4 count < 200 cells/mcL or oropharyngeal candidiasis

TMP-SMX double-strength once daily

Toxoplasmosis

Positive toxoplasma lgG and CD4 < 100 cells/mcL

TMP-SMX double-strength once daily

TB Positive PPD (induration > 5 mm) regardless of CD4 INH 300 mg once daily (9 months) with pyridoxine
count; recent significant exposure to active TB
MAC CD4 count < 50 cells/mcL Azithromycin 1200 mg once a week

Varicella zoster virus

varicella zoster virus

Exposure to chickenpox or shingles in patient without
a history of either condition or negative antibody to

Varicella zoster immune globulin, 5 vials IM

INH, isoniazid; MAC, Mycobacterium avium complex; PCP, Pneumocystis jiroveci pneumonia; TB, tuberculosis; TMP-SMX, trimethoprim-sulfamethoxazole.
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Table 5-4. Secondary prophylaxis of opportunistic infections in HIV-infected patients.

Pathogen Drug of choice

Indications to discontinue therapy

PCP TMP-SMX double-strength once daily

CD4 count > 200 for 3 months

Toxoplasmosis

Sulfadiazine 500-1000 mg 4 times daily and pyrimethamine

CD4 count > 200/mcL for = 6 months

25-50 mg once daily and leucovorin 10-25 mg once daily

B Not indicated

Secondary prophylaxis not indicated

MAC Clarithromycin 500 mg twice daily and ethambutol
15 mg/kg once daily and rifabutin 300mg once daily

CD4 count > 100/mcL for 12 months and
completed MAC therapy and asymptomatic for MAC

Cryptococcosis Fluconazole 200 mg once daily

CD4 count > 100-200/mcL = 6 months, completed
therapy and asymptomatic for cryptococcosis

MAC, Mycobacterium avium complex; PCP, Pneumocystis jiroveci pneumonia; TB, tuberculosis; TMP-SMX, trimethoprim-sulfamethoxazole.

MAKING A DIAGNOSIS

\

HIV EIA testing is reported as positive and confirmed by
a positive HIV-1 Western blot. All the bands are positive
on the Western blot.

As noted above, 3 factors determine the PPV of the test: the pretest
probability, the sensitivity, and the specificity. The oral lesions suggest
thrush, highly suggestive of a T cell immunodeficiency (likely AIDS).
Therefore, Mr. O has both clinical findings of AIDS and risk factors
for HIV infection (high-risk sexual activity). His pretest probability of
HIV infection is therefore very high. Combined with the excellent
sensitivity and specificity of the 2-step HIV EIA and Western blot
test, (99%, 99.8%) his posttest probability of HIV infection is > 99%.

Have you crossed a diagnostic threshold for the
leading hypothesis, AIDS? Do other tests need to

be done to exclude the alternative diagnoses?

CASE RESOLUTION

\

Mr. O's CD4 T cell count is 25 cells/mcl. The viral load
is 110,000/mcl. Hgb is 10 g/dL. The RPR and FFD are
negative. Toxoplasma lgG is positive. Hepatitis A IgG is
positive, hepatitis B surface antigen and antibody are
negative. Hepatitis C antibody is negative.

At this point, HAART should be initiated because the CD4 T cell
count is below 350/mcL. Fluconazole (100 mg/day) should be
instituted for his thrush and continued until resolution. Primary
prophylaxis is indicated for Preumocystis jiroveci pneumonia
(PCP), MAC, and toxoplasmosis. Trimethoprim-sulfamethoxa-
zole (TMP-SMX) is an effective primary prophylaxis for both
PCP and toxoplasmosis. Weekly azithromycin is recommended
for MAC prophylaxis. Mr. O should receive hepatitis B, pneumo-

coccal, and annual influenza vaccines.

| have an HIV-positive patient who complains of headache.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT v

Mr. S is a 46-year-old man who is HIV- positive. He seeks
medical attention for headache and vomiting.
What is the differential diagnosis of headache
‘ in HIV-positive patients? How would you frame
the differential?

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

Three pivotal considerations help frame the differential diagnosis
in HIV-infected persons with neurologic complaints: the acuity of
the symptoms, the degree of immunosuppression (ie, CD4 T cell
count), and whether a mass lesion is seen on neuroimaging. The
first pivotal step in evaluating the HIV-positive patient with
headache is to determine the acuity of the presentation. Most
opportunistic infections in HIV-infected patients are less virulent
and present in a subacute fashion. However, in patients with an
acute headache and fever (< 3 days), bacterial meningitis, herpes
encephalitis, and West Nile virus must be considered promptly.
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The next pivotal issue is to assess the degree of immunosup-
pression. HIV-positive patients with intact immunity and CD4 T
cell counts > 200/mcL are at markedly diminished risk of oppor-
tunistic infections. The differential diagnosis of such headaches is
similar to patients without HIV infection. These disorders are cov-
ered in Chapter 18, Headache. However, as the immunosuppres-
sion worsens and the CD4 T cell count falls below 200/mcL, the
differential diagnosis broadens to include opportunistic infections
and primary CNS lymphoma.

The final pivotal issue is to determine whether or not the patient
has a mass lesion. The most common diagnoses in HIV-infected
patients with low CD4 T cell counts and mass lesions are toxoplas-
mosis, progressive multifocal leukoencephalopathy (PML), and pri-
mary CNS lymphoma, whereas the most common diagnosis in such
patients without a mass lesion is cryptococcal meningitis. CNS
imaging and lumbar puncture are frequently required. In clinical
practice, a CT scan is usually performed prior to lumbar puncture
because it rapidly rules out a large mass lesion that may cause her-
niation after lumbar puncture. A platelet count, prothrombin time,
and partial thromboplastin time should be checked prior to lumbar
puncture to ensure the patient is not at an increased risk for devel-
oping a spinal epidural hemorrhage. An MRI is often performed
subsequently due to its substantially increased sensitivity for several
diagnoses. A diagnostic algorithm for the evaluation of headache in
HIV-positive patients is summarized in Figure 5-5 and 5-6.

Differential Diagnosis of Headache
in Patient with HIV

A. Meningoencephalitis

1. Cryptococcal meningitis
HIV encephalopathy
CMYV ventriculoencephalitis
TB meningoencephalitis
Neurosyphilis

ANNANE SN

Coccidioidomycosis (in southwestern United States)
B. Mass lesions
1. Toxoplasmosis
2. PML
3. Primary CNS lymphoma
4

. Rare pathogens/presentations include cryptococcoma,
tuberculoma, Nocardia, Aspergillus, bacterial abscess

\Z

Mr. S reports that his headache began 14 days previ-
ously. The headache is described as frontal, unrelenting,
and pounding. He complains of subjective fevers, sweats,
and chills. He admits to mild photophobia. Fersistent
vomiting has also developed over the last 6 days. He
denies any history of confusion or seizures.

Fast medical history is remarkable for a long history
of injection drug use. His last reported use was 2 years
ago. HIV was diagnosed 9 years ago. He has been non-
compliant with HAART. He takes no medications. A CD4
count 1year ago was O/mclL.

At this point, what is the leading hypothesis,
V what are the active alternatives, and is there
a must not miss diagnosis? Given this differ-
ential diagnosis, what tests should be ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The first pivotal consideration is that Mr. S has had a headache for
2 weeks (subacute). This suggests a relatively less virulent oppor-
tunistic infection instead of a virulent bacterial meningitis or her-
pes encephalitis. Second, his prior CD4 count indicates profound
immunosuppression. Therefore, he is at risk for all the serious
opportunistic infections listed above. The third pivotal issue is
whether there is a mass lesion. Ultimately, this will be confirmed
or excluded on neuroimaging, but his headache and photophobia
suggest some form of meningoencephalitis. Cryptococcal menin-
gitis is the most common meningitis seen in patients with AIDS
and is the leading hypothesis. Less common causes of meningoen-
cephalitis include CMV, neurosyphilis, and TB. Coccidioidomy-
cosis is uncommon but should be considered in patients in the
southwestern United States. HIV meningitis may also present
with headache. Should neuroimaging confirm a mass lesion, com-
mon causes include toxoplasmosis, PML, and primary CNS lym-
phoma. Since Mr. S has not taken TMP-SMX prophylaxis, he is
at increased risk for toxoplasmosis, the most common CNS mass
lesion in AIDS patients. Table 5-5 lists the differential diagnoses.

\Z

Physical exam reveals a thin man in moderate distress.
Vital signs temperature, 35.9°C; BF, 154/100 mm Hg;
pulse, 66 bpm; RR, 20 breaths per minute. HEENT: digks
sharp, neck supple. Kernig and Brudzinski signs were neg-
ative. Cardiac, pulmonary, and abdominal exams are
within normal limits. Neurologic exam: alert and oriented;
cranial nerves intact; motor, sensory, and cerebellar
functions were normal.

A CT scan (with contrast) is reported as normal. No
mass lesions or evidence of sinusitis are seen.

The normal CT scan markedly diminishes the likelihood of the
diseases associated with mass lesion and increases the likelihood of
one of the remaining causes of meningitis (ie, Cryptococcus, CMV,
neurosyphilis, etc) of which Cryprococcus is the most common.
(An MRI is more sensitive and should be performed.)

diagnosis? If not, what other information do you

Is the clinical information sufficient to make a
‘ need?

Leading Hypothesis: Cryptococcal
Meningoencephalitis

Textbook Presentation

Patients typically have a subacute headache, malaise, and fever that
develop over days to weeks. Mental status changes may be seen.
Importantly, meningismus is often absent due to the host’s inability
to mount an inflammatory reaction.

Disease Highlights

A. Most common cause of meningoencephalitis in HIV-positive
patients

B. Encapsulated fungus acquired via inhalation

C. Meningitis occurs due to dissemination of primary infection.
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HIV-infected patient with headache or neurologic complaints
(mental status changes, weakness, or seizure)

Initial evaluation

. History: duration of symptoms, fever, medications

. Careful general physical exam, neurologic and ophthalmologic exam
CD4 count, viral load

. Serum toxoplasmosis 1gG, serum cryptococcal antigen and RPR

. Blood cultures and fungal cultures

. Brain MRl or CT (MRI superior)

oA ON

y

Consider bacterial meningitis, HSV, or
Yes West Nile encephalitis

Start empiric antibiotics pending
evaluation with CT and lumbar puncture.

Acute onset (< 3 days)
Fever or meningeal
signs

Y

\

If seizure or mental status changes, consider
encephalitis. Start acyclovir, obtain MRI

Similar to immunocompetent persons
If mass present: consider primary and
metastatic tumors and brain abscesses

2 L
CD4 count > 200/me

Y

< 200/mcL

Consider:

Toxoplasmosis (mass effect, enhancement)
CNS lymphoma (mass effect, enhancement)
PML (No mass effect, little-no enhancement)
Abscess

Yes

Y

Mass lesion?

\
Consider: Does patient fulfill all critieria for empiric

Cryptococcal meningitis toxoplasmosis treatment?
HIV or CMV encephalitis Multiple ring-enhancing lesions
Neurosyphilis Positive toxoplasmosis 1gG
Not on effective toxoplasmosis
chemoprophylaxis

No meningismus

N Y
o' 'es

Consider lumbar puncture Consider brain biopsy with immuno-
(Figure 5-6) peroxidase staining if lumbar puncture Start empiric toxoplasmosis therapy

nondiagnostic or cannot be performed and observe

Consider lumbar puncture (Figure 5-6)

A

Y

Yes Clinical deterioration on anti-
toxoplasmosis therapy?

CMV, cytomegalovirus; HSV, herpes simplex virus; PML, progressive multifocal leukoencephalopathy.

Figure 5-5. Diagnostic approach: headache in HIV-positive patients.
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Confirm safety prior to LP

¢ Rule out increased risk of herniation (CT or MRI)
¢ Rule out increased risk of bleeding1 (PT, PTT, PLT)

/
LP

Y

Routine studies: Cell count, opening pressure, glucose, total protein, Gram stain,
bacterial, fungal, AFB stains and cultures, cryptococcal antigen, VDRL, FTA-ABS.

Special studies (order for clinical suspicion): PCR for JC virus, EBV, or CMV

A Y Y \ A
+ CSF VDRL | | + PCR JC virus | | + PCR EBV | | + Cryptococcal Ag | | No diagnosis
\ Y Y \ \

Neurosyphilis

PML

Primary CNS lymphoma
if imaging shows
mass lesion

Cryptococcal meningitis

Bleeding at the LP site can lead to a spinal epidural hemorrhage, cord compression, and paralysis.

If mass lesion, consider
brain biopsy or empiric
toxoplasmosis

therapy (Figure 5-7)

If no mass lesion,
consider CSF CMV PCR,;
Likely HIV aseptic
meningitis

AFB, acid-fast bacilli; CMV, cytomegalovirus; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; FTA-ABS, fluorescent treponemal
antibody absorption; LP, lumbar puncture; PCR, polymerase chain reaction; PLT, platelet; PML, progressive multifocal leukoencephalopathy;
PT, prothrombin time; PTT, partial thromboplastin time; VDRL, Venereal Disease Research Laboratory.

Figure 5-6. Evaluation of headache in HIV-positive patients: lumbar puncture.

Table 5-5. Diagnostic hypotheses for Mr.S.

Diagnostic Hypotheses

Clinical Clues

Important Tests

Leading Hypothesis

Cryptococcal meningitis

Headache, mental status changes

CD4 < 100/mcL

Serum and CSF cryptococcal antigen
CSF fungal culture

Active Alternatives

Mass lesions
Toxoplasmosis

Headache, focal findings, mental
status changes
Not receiving TMP-SMX prophylaxis

Toxoplasma IgG +

MRI: multiple or single ring-enhancing

lesions, mass effect and edema

Progressive multifocal
leukoencephalopathy

Headache, focal findings, mental
status changes

MRI single or multiple white matter nonenhancing lesions

without mass effect. CSF + PCR JC virus

Primary CNS lymphoma

Focal findings, mental status changes

CSF PCR + EBV

MRI single or multiple irregular enhancing lesions with mass effect

Meningoencephalitis
CMV encephalitis

Headache, mental status changes

enhancement
CSFPCRCMV +

MRI normal or periventricular symmetric

Neurosyphilis

History of chancre, rash

Serum RPR, FTA-ABS; CSF VDRL, FTA-ABS, CSF pleocytosis




D. Usually seen in patients with CD4 T cell count < 100/mcL.

E. CNS inflammation is typically minimal and course indolent
over 2—4 weeks.

F Increased intracranial pressure common (> 20 cm H,O in
lateral decubitus position)

1. Elevated intracranial pressure associated with increased

risk of death.

2. 70% of patients with cryptococcal meningitis have signif-
icantly increased intracranial pressure.

3. Patients with elevated intracranial pressure may have
increased symptoms (headaches, clouded sensorium).

G. Mortality 6-12%

H. Pulmonary involvement has been reported in 6-23% of
patients with cryptococcal meningitis.

Evidence-Based Diagnosis
A. History
1. Fever: 65-95%
2. Headache: 73-100%
3. Median duration of symptoms: 31 days (1-120 days)
B. Physical exam
. Stiff neck: 22-27%
. Photophobia: 18-22%
. Mental status changes: 22%
. Focal neurologic signs or seizures: 10%

VU DN =

. No CNS signs or symptoms: 14%

Cryptococcal meningitis in AIDS patients is often
indolent and only a small percentage of affected
patients exhibit meningismus or photophobia.
Some patients have only fever and malaise. A supple

neck does not rule out the diagnosis, and a high
index of suspicion is required.

C. Laboratory findings
1. Blood tests
a. Blood cultures positive in 15-35%
b. Serum cryptococcal antigen
(1) 95-100% sensitive, 96% specific
(2) LR+ 24, LR-0.05
(3) Negative serum cryptococcal antigen makes cryp-
tococcal meningitis highly unlikely.
(4) Serum cryptococcal antigenemia may precede clin-
ical cryptococcal meningitis.
2. Lumbar puncture
a. Neuroimaging is required prior to lumbar puncture to
rule out mass effect. Mass lesions in such patients are

often due to concomitant toxoplasmosis or lymphoma
and only rarely due to cryptococcoma.

b. A platelet count, prothrombin time, and partial throm-
boplastin time should be performed prior to lumbar
puncture to rule out a bleeding diathesis, which
increases the risk of a lumbar puncture—induced spinal
epidural hematoma.

c. Lumbar puncture is required in patients with suspected
cryptococcal meningoencephalitis regardless of serum
cryptococcal antigen results.
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(1) In patients with positive serum cryptococcal antigen,
lumbar puncture is necessary to confirm cryptococ-
cal meningitis, measure opening pressure, manage
elevated intracranial pressure, and exclude other
diagnoses.

(2) In patients with negative serum cryptococcal antigen,
lumbar puncture is necessary to evaluate other
diagnoses.

d. Routine cerebrospinal fluid (CSF) findings are often
normal or minimally abnormal in many patients with
cryptococcal meningitis.

(1) Normal glucose, protein, and WBC: 19-30%
(2) Glucose < 50 mg/dL: 64%

(3) Protein > 40 mg/dL: 64%

(4) CSF WBCs > 5/mcL: 35%

(5) Increased opening pressure: 50-75%

Routine CSF findings in patients with cryptococcal
meningitis may be normal. Specific studies (fungal

culture, cryptococcal antigen) must be obtained.

e. Special CSF studies

(1) CSF cryptococcal antigen: 91-100% sensitive,
93-98% specific

(2) CSF fungal culture: 95-100% sensitive, 100%
specific

Treatment
A. Mortality is increased in patients with abnormal mental status

and in patients with a marked elevated CSF cryptococcal anti-
gen (> 1:1024). Low glycorrachia and normal CSF cell counts
also predict poor outcomes.

B. Induction therapy for 2 weeks should include lipsosomal

amphotericin B with or without flucytosine. Flucytosine must
be dose-adjusted in patients with renal insufficiency.

C. After induction therapy with amphotericin and flucytosine,

fluconazole (400 mg/day) can be substituted in selected patients
with clinical improvement for an additional 8-10 weeks or
until CSF cultures are sterile.

D. Maintenance therapy should then be continued (fluconazole

200 mg/day) for a minimum of 1 year. At this time, consid-
eration can be given to stopping fluconazole in patients with
an excellent response to HAART and a CD4 T cell count of
> 100/mcL.

E. In patients with an elevated intracranial pressure, serial lum-

bar punctures are recommended to lower opening pressure to
<20 cm H,0 or by 50%. Select patients with hydrocephalus
benefit from ventricular shunts.

MAKING A DIAGNOSIS

\Z

Blood cultures and serum cryptococcal antigen are
ordered. A toxicology screen is positive for opioids and
cocaine. CBC reveals a WBC of 3700/mcL (&% lympho-
cytes) a Hct of 36.6 and platelet count of
240,000/mcL. T and PTT are normal. Serum RFR and

(Continued)
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FTA-ABS are negative. Lumbar puncture reveals opening
pressure of 20 cm H,0. CSF 2 22 WBC/mcL; glucose,
26 mgldL (versus serum of 127 mg/dL); and protein,
©& mgldL (hormal 15-45 mg/dL). Gram stain reveals
numerous yeast forms.

Have you crossed a diagnostic threshold for
V the leading hypothesis, cryptococcal menin-
" gitis? Have you ruled out the active alterna-

tives? Do other tests need to be done to
exclude the alternative diagnoses?

The CSF findings strongly suggest cryptococcal meningitis. Posi-
tive cryptococcal antigen or culture will confirm the diagnosis. A
travel history to Arizona or the southwestern United States would
raise the possibility of coccidioidomycosis. Neurosyphilis is
unlikely with the negative RPR and fluorescent treponemal anti-
body absorbed (FTA-ABS). In addition, patients with AIDS may
have more than one infection simultancously. An MRI is more
sensitive in the detection of CNS mass lesions than a contrast CT and
is indicated to confidently exclude alternative diagnoses associated
with masses. In addition, CMV encephalitis has not been excluded.

Alternative Diagnosis: CMV Encephalitis

Textbook Presentation

CMV encephalitis typically presents in acute or subacute fashion
(< 8 weeks) with mental status changes and occasionally with focal
deficits.

Disease Highlights

A. Findings may include mental status changes, drowsiness, headache,
and focal deficits. Cranial nerve abnormalities may be seen.

B. CD4 T cell counts usually < 50/mcL

C. Uncommon clinical cause of CNS disease in AIDS patients
(< 2%): (Pathological findings frequent but clinical encephalitis

rare)

D. Other neurologic syndromes caused by CMV include myelitis
(presents with weakness and hyperreflexia), polyradiculopathy
(presents with weakness and Ayporeflexia), and mononeuritis
multiplex.

E. CMV more commonly causes GI or retinal involvement than
encephalitis.

E. CNS involvement is usually accompanied by involvement of
retina, GI tract, or lung.

G. CMV retinitis antedates CMV ventriculoencephalitis in 50%
of patients.

H. Disease develops secondary to reactivation of latent CMV.

I. Death usually occurs within 4-6 weeks.

Evidence-Based Diagnosis
A. History and physical exam
1. Mental status changes common
2. Table 5-6 compares HIV and CMV encephalitis.

3. Onset of CMV encephalitis is more rapid than HIV
encephalitis (3.5 vs 18 weeks).

4. Focal deficits seen in 50-70% of patients.

Table 5-6. Comparison of HIV and CMV encephalitis.

HIV encephalitis CMV encephalitis

Duration of symptoms 18 weeks 3.5 weeks
at presentation

Delirium 27% 90%
Apathy/withdrawal 9% 60%
Focal findings 12% 50-70%
Survival (pre-HAART) 45 weeks 8.5 weeks

CMV, cytomegalovirus; HAART, highly active antiretroviral therapy.

B. Laboratory findings

1. CMV viremia seen in 60% but is not specific for involve-
ment in CNS

2. MRI: A variety of nonspecific abnormalities may be seen:
periventricular enhancement (45%), atrophy and ventricu-
lomegaly (40%) and, rarely, ring-enhancing focal lesions.
MRI is useful to rule out other diseases (ie, toxoplasmosis).

3. CSF
a. Routine CSF findings not specific or sensitive
b. CSF culture is positive in 10-25% of patients.
c. CSF PCR CMV:
(1) Test of choice for CMV encephalitis
(2) 75% sensitive, 95% specific
(3) LR+ 15; LR-0.26

Treatment

A. Ophthalmologic evaluation should be performed to rule out
retinitis.

B. Ganciclovir, foscarnet, or both for 3-6 weeks: ganciclovir can
cause neutropenia and thrombocytopenia, and foscarnet can
cause hypocalcemia and renal failure.

C. An alternative agent is cidofovir, but it may cause serious renal
toxicity.
D. HAART is particularly important.

Alternative Diagnosis:
Toxoplasmosis Encephalitis

Textbook Presentation

Toxoplasmosis encephalitis in AIDS patients typically presents in
a subacute fashion over 1-2 weeks, although more acute presenta-
tions with confusion or seizures may be seen. Focal neurologic
manifestations are common. Confusion and mental status changes
may dominate the clinical picture.

Disease Highlights
A. Most common CNS mass lesion in AIDS patients
B. 15% of US population seropositive for toxoplasmosis

C. Toxoplasmosis encephalitis develops secondary to reactivation
of latent toxoplasmosis; therefore, most patients have positive
IgG titers (see later discussion).
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. CD4 T cell count < 100/mcL in 80% of patients
. Probability of developing toxoplasmosis encephalitis is 30%

in AIDS patients with CD4 T cell counts < 100/mcL and
positive toxoplasmosis serology (if not receiving prophylaxis).

HAART is decreasing the incidence of toxoplasmosis
encephalitis.

. May be the initial manifestation or subsequent manifestation

of HIV infection

. 27% mortality despite treatment

. Other concurrent CNS infections common

Evidence-Based Diagnosis
A. History

\'g

1. Headache (often frontal and bilateral): 49-73%

2. Seizures: 15-31%

3. Hallucinations: 8%

4. Fever: 4—68%

Physical exam

1. Focal findings (weakness, abnormal gait, or other):
73-88%

. Mental status changes: 50-67%

. Mental status changes dominating clinical picture: 40%

. Cognitive impairment (with normal arousal): 66%

. Stiff neck: 0%

[VAR" NSt &)

Meningismus is distinctly uncommon in cerebral
toxoplasmosis and suggests an alternate or additional
disease process.

C. Laboratory findings

\'g

1. Serology
a. Toxoplasma IgG: = 97% sensitive

b. Toxoplasma IgM: Insensitive (15%) because disease is
usually secondary to reactivation.

Cerebral toxoplasmosis is unlikely in patients with
negative toxoplasma IgG.

c. Probability of toxoplasmosis encephalitis in seropositive
patients with mass effect markedly reduced in patients
receiving TMP-SMX prophylaxis (from 87% to 59%)

2. CSF analysis

a. Standard CSF analysis may be normal or nonspecifi-
cally elevated.

b. Percentage of patients with abnormal findings
(1) WBC > 5 cells/mcL: 50%
(2) Protein > 40 mg/dL: 81%
(3) Low glucose: 14%
(4) CSF toxoplasma IgG: 33-69%

c. CSF PCR is insensitive for toxoplasmosis but highly
specific.

(1) 54% sensitive, 99% specific
(2) LR+ 54, LR-0.46
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3. Neuroimaging
a. MRI is test of choice.

(1) Superior to contrast CT and affects course in 40%
of patients.

(2) Demonstrates 1 or more ring-enhancing lesions
with mass effect and edema.

(3) Lesions may be located in basal ganglia, thalamus,
and cortex.

(4) Single lesion in 14% of patients

(5) Single lesions make toxoplasmosis encephalitis less
likely and increase likelihood of CNS lymphoma.

b. CT scan with contrast abnormal in 87-96%
(1) Single ring-enhancing lesion: 35%
(2) 22 ring-enhancing lesions: 62%
(3) Hypodense lesions: 13%
(4) Moderate to severe cerebral edema: 48%
(5) 75% of lesions located in cerebral hemispheres

(6) In patients with normal contrast CT scan or a single
enhancing lesion, MRI is recommended.

c. Single photon emission CT (SPECT) thallium 201
imaging usually reveals decreased isotope activity in
patients with toxoplasmosis encephalitis versus
increased uptake in patients with CNS lymphoma. This
distinction is less reliable in patients receiving HAART.
50% of patients with toxoplasmosis encephalitis taking
HAART show increased uptake.

4. Brain biopsy

a. When positive, it is the only method that confirms
cerebral toxoplasmosis with certainty.

(1) False-negative results can occur due to sampling
error.

(2) Can diagnose concomitant infection

b. Sensitivity of standard hematoxylin & eosin (H & E)
staining is only 50-66%. Immunoperoxidase staining
adds significantly to sensitivity.

c. Brain biopsy is associated with 0.5-3.1% mortality
and 10-40% morbidity.

d. Brain biopsy is not routine due to its attendant com-
plications and imperfect sensitivity.

e. Empiric treatment for toxoplasmosis encephalitis is nor-
mally instituted in patients who fulfill all of the following
criteria: multiple mass lesions, CD4 T cell count < 100/mcL,
positive toxoplasma serology, and are not already receiv-
ing toxoplasmosis prophylaxis (Figure 5-7). Biopsy is
reserved for atypical cases (ie, negative toxoplasmosis
serology or nonresponders within 7-10 days).

Treatment

A. Pyrimethamine plus sulfadiazine or pyrimethamine plus clin-

B.

damycin

Folinic acid should also be administered to patients taking
pyrimethamine.

TMP-SMX is an alternative therapy.

Clinical improvement occurs in > 90% of responders within
first 2 weeks of drug therapy.

Radiologic improvement seen in most patients within 3 weeks
of treatment.
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Fulfills all criteria for empiric toxoplasmosis therapy?
Multiple ring enhancing lesions

Positive toxoplasmosis IgG

Not receiving effective toxoplasmosis chemoprophylaxis
No meningismus

Yes ‘ ‘ No

Consider brain biopsy with
immuno-peroxidase staining

Treat toxoplasmosis

Clinical
deterioration on

anti-toxoplasmosis
therapy

Yes

Figure 5-7. Empiric therapy for CNS toxoplasmosis in AIDS
patients.

E. After induction therapy, suppressive therapy with lower doses
should be used. Suppressive therapy can be safely discontin-
ued in asymptomatic patients in whom HAART has restored
CD4 T cell counts to > 200/mcL for > 6 months. An MRI
prior to discontinuation of suppressive therapy may be appro-
priate.

G. Corticosteroids are indicated for patients with cerebral edema
and midline shift, or clinical deterioration within first 48 hours
of therapy. Corticosteroids complicate interpretation of
response to therapy since they may reduce edema and reduce
the size of lesions due to primary CNS lymphoma.

H. Prevention: HIV-positive patients with a CD4 T cell count

< 200/mcL and positive toxoplasma IgG should receive TMP-
SMX as primary prophylaxis.

Alternative Diagnosis: Progressive Multifocal
Leukoencephalopathy

Textbook Presentation

PML typically presents with progressive neurologic deficits, in
particular weakness or gait disorders, over weeks to months. PML
may also present with visual problems, headache, alterations in
mental status, or dementia with focal signs.

Disease Highlights

A. Etiologic agent is the JC virus, a polyomavirus (which should
not be confused with the prion illness, Creutzfeldt-Jakob
disease).

B. Primary JC virus infection is common and asymptomatic;
80-90% of population has antibodies to JC virus.

C. PML develops when profound immunosuppression allows
latent virus in reticuloendothelial system and kidney to gain
access to CNS and replicate.

D. Subsequent infection and lysis of the myelin-producing oligo-
dendroglial cells results in PML. Astrocytes may also be infected.

E. Pathogenesis may involve HIV-associated immunosuppres-
sion and a direct synergistic effect of HIV and JC virus.

F. Multifocal or unifocal white matter lesions seen

G. Mean CD4 T cell count 84-104/mcL: 25% of patients have
CD4 T > 200/mcL

H. PML occurs in 1-5% of AIDS patients.

Evidence-Based Diagnosis
A. History and physical exam
1. Limb weakness: 50-70%
Gait disorder: 26-64%
Speech disorder: 31-51%
Visual impairment (ie, hemianopsia): 21-50%
Seizures: 5-23%
Headaches: 23%
Cognitive abnormalities/mental status changes: 25-65%
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. Cranial nerve palsies: 31%
B. Laboratory findings

1. Serum antibodies to JC virus not useful due to high preva-
lence of JC virus infection in population.

2. CSF

a. Routine studies may be normal or nonspecifically
elevated.

b. CSF PCR for JCV DNA:
(1) 80% sensitive, 98% specific
(2) LR+ (average), 40; LR—, 0.20

(3) Certain types of assays (repeat analysis) increase
sensitivity to 90%.

(4) Sensitivity may be diminished in patients receiving
HAART.
3. CNS imaging
a. Typically shows extensive multifocal patchy white matter
demyelination with sparing of the cortical gray matter

b. MRI is more sensitive than CT scanning (CT 63%
sensitive).

c. Lesions are hypodense on CT scanning, low intensity on
T1 weighted MRI, hyperintense on T2 weighted MRL

d. On imaging, lesions appear restricted to the subcorti-
cal white matter, respecting the gray-white junction of
the cerebrum.

e. There is overlap in the MRI features of toxoplasmosis,
primary CNS lymphoma, and PML. However certain
features suggest PML:

(1) Lack of enhancement
(2) Lack of mass effect
(3) Less well-circumscribed lesions
f. MRI typically shows scalloping at gray-white matter

interface.

g. CT scanning typically demonstrates white matter
hypodense lesions.

h. Brain biopsy: 100% specific but sensitivities range
from 64% to 96% due to sampling error.

MRI is markedly superior to CT for diagnosis
of PML.



Treatment
A. HAART associated with improvement or cure in some patients.

1. Survival pre-HAART averaged 4-6 months. Survival has
improved to 50% since the introduction of HAART.

2. 80% of survivors have severe residual neurologic

deficit.

B. Initiation of HAART occasionally results in PML in previ-
ously asymptomatic patients due to increased inflammation
associated with immune reconstitution.

Alternative Diagnosis: Primary
CNS Lymphoma

Textbook Presentation

Typically, patients have advanced HIV disease and profound
immunosuppression. While patients may develop focal com-
plaints (ie, weakness), many seek medical attention for altered
mental status or seizures.

Disease Highlights
A. Biologically distinct from primary CNS lymphoma in other

immunocompromised states

B. Diffuse, high-grade, B cell, non-Hodgkin lymphoma arising
and confined to the CNS (ie, not due to CNS involvement by
systemic lymphoma)

C. CD4 T cell counts usually < 50/mcL
D. Consistently associated with EBV in the tumor
E

. Pathogenesis likely involves activation of latent EBV genes
due to immunodeficiency. The relative immunologic sanctu-
ary of the CNS from immune surveillance may facilitate
growth of these tumors at this location.

E. Rapidly progressive with a short interval from symptoms to
diagnosis (1.8 months)

G. Median survival without treatment =1 month
H. Supratentorial location 3x more common than infratentorial

I. Most common cause of death in patients with primary CNS
lymphoma is ozher opportunistic infection.

J. Marked reduction in primary CNS lymphoma incidence
(= 90%) from 1995 to 2000 because of the introduction of
HAART

Evidence-Based Diagnosis
A. History and physical exam

1. B symptoms (weight loss > 10%, unexplained temperatures
> 38.0°C, drenching sweats): 80%

2. Focal neurologic deficits: 51%
3. Mental status changes: 53%
4. Seizures: 27%
B. Laboratory findings
1. CSF EBV PCR:
a. 87% sensitive, 98% specific
b. LR+, 43; LR—, 0.13

2. Positive CSF cytology only 15-23% sensitive. Special
studies are required to distinguish monoclonal prolifera-
tions from reactive T cell populations.
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C. Radiologic studies
1. CT scanning
a. 90% sensitive
b. Usually reveals contrast enhancement (90%)
c. 48% single lesion, 52% multiple lesions

d. Usually associated with mass effect (similar to toxo-
plasmosis but not seen in PML)

2. MRI more sensitive than CT scanning
3. SPECT thallium imaging

a. Primary CNS lymphoma usually demonstrates early
uptake and retention (compared with decreased uptake
in necrotic centers of toxoplasmosis).

(1) 86-100% sensitive, 77-100% specific (higher
specificity was noted if retention index measured).

(2) Increased uptake is noted in 15% of patients with
toxoplasmosis encephalitis not receiving HAART
but up to 50% of patients with toxoplasmosis
encephalitis receiving HAART, making this test
less useful in patients receiving HAART.

D. Biopsy
1. Positive CSF EBV PCR may make biopsy unnecessary.

2. Biopsy useful when CSF EBV PCR is negative.

3. Lympholytic effect of corticosteroids may render biopsy
nondiagnostic.

Corticosteroids should not be administered before
brain biopsy in patients with suspected primary
CNS lymphoma unless the patient is at an
increased risk for herniation.

Treatment
A. Prognosis is grave with or without therapy.

B. Chemotherapy, whole brain radiotherapy, and corticosteroids
have been used. Chemotherapy modestly prolongs survival
(median survival 7 months).

C. Methotrexate, zidovudine, and ganciclovir have been used.

D. HAART therapy is beneficial in some patients. One small
study noted marked increases in 2-year survival (6/7 with

HAART compared with 0/18 without HAART).

E. Surgical resection does not improve prognosis due to multifo-
cal nature of disease.

CASE RESOLUTION

\Z

An MRI was performed and confirmed the absence of a
CNS mass. Blood and CSF cultures grew Cryptococcus
neoformans. Subsequent CSF AFB cultures and VDRL
were negative.

Mt. S’s CSF culture confirmed cryptococcal meningitis. His subacute
course and lack of meningeal findings are in fact a common feature of
this disease. CSF analysis did not suggest concomitant mycobacterial
infection or neurosyphilis, and the MRI did not suggest toxoplasmo-
sis, multifocal leukoencephalopathy, or primary CNS lymphoma.
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Mr. S was treated and showed gradual improvement.
After 2 weeks of therapy, he was discharged to follow-up
with the infectious disease clinic.

REVIEW OF OTHER IMPORTANT DISEASES

HIV Encephalopathy (HIV-associated
dementia)

Textbook Presentation

Patients typically have advanced HIV disease with a slowly pro-
gressive dementing process eventually accompanied by motor
symptoms.

Disease Highlights

A. Subcortical dementia characterized by cognitive, behavioral
and psychomotor slowing,.

B. Prevalence 15-20% in AIDS patients prior to introduction of
HAART

C. 40-50% decrease in incidence since the introduction of
HAART. However, prevalence is rising due to increasing sur-
vival.

D. Severe form of encephalopathy effectively eliminated by
HAART

E. Milder deficits still common

E. Principal target is perivascular CNS macrophages. Astrocytes
may also become infected.

G. HIV encephalopathy develops late in infection. CD4 T cell
count is typically < 200/mcL.

H. The precise pathophysiology is complex and not understood
but may involve multiple inflammatory mechanisms as well
as HIV proteins, which induce neuronal apoptosis.

I. Twofold increased risk in patients aged = 50 years.

J. Neurotoxicity of HIV may be synergistic with that of cocaine
or methamphetamine.

Evidence-Based Diagnosis
A. History and physical exam

1. Memory complaints: 70%
Cognitive slowing: 25-30%
Gait difficulty: 45%
Behavioral changes: 10-20%
Seizures: 5-10%
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. Focal findings uncommon
B. Laboratory findings

1. MRI: T2 images may demonstrate hyperintensities in the
deep white matter and basal ganglia without contrast
enhancement and/or atrophy

2. CSF

a. Useful to rule out other infections

b. Mild pleocytosis and protein elevations may be seen.

c. CSF HIV RNA levels to do not correlate with HIV
encephalopathy.

d. Cannot diagnose HIV encephalopathy with certainty.

3. Neuropsychological testing is useful in evaluating the
severity and response to HAART.

HIV encephalopathy is a diagnosis of exclusion.
Diagnostic evaluations serve to exclude other
opportunistic infections, malignancy, or substance
abuse.

Treatment
A. HAART is recommended.

B. Most patients treated with HAART remain stable or show
partial reversal of neurologic deficits. Early therapy is there-
fore important.

C. Elevated levels of CSF B-microglobulin (suggesting ongoing
inflammation) predicted better neurologic recovery with

HAART.

Neurosyphilis in HIV-Positive Patients

Textbook Presentation

Patients with neurosyphilis may be asymptomatic or have menin-
gitis, stroke-like symptoms, visual or hearing loss, or other focal
deficits due to CNS gummas.

Disease Highlights
A. Caused by spirochete Treponema pallidum

B. Because infection is transmitted sexually, the group at highest
risk is MSM. Other high-risk groups include injection drug

users and patrons of paid sex workers.
C. Association of HIV and syphilis infection

1. Some studies have documented a coinfection rate of HIV
in patients with syphilis of 25-70%.

2. Neurosyphilis in HIV-infected patients is less frequent (1%).

D. Syphilis commonly infects the CNS early in the course of dis-
ease in both HIV-infected and non-HIV-infected persons
(25-33%).

E. The CNS infection is more often progressive in HIV-infected
persons, increasing the need for detection in this group.

Coinfection with syphilis and HIV is common.
Patients with either disease should be tested for the

other.

F Infections develop in characteristic stages.
1. Primary infection

a. Characterized by chancre: a 0.5- to 2-cm painless,
indurated, well-circumscribed ulcerated papule at the
site of primary inoculation approximately 2-3 weeks
after contact

b. Multiple chancres may be seen in HIV-infected patients.

c. Lesion resolves with or without therapy.



2. Secondary stage

a. Symptoms include macular or maculopapular rash
involving the palms and soles in 70%, fever, myalgias
and lymphadenopathy; oral mucosal patches, perineal
condyloma lata (often exuberant in HIV/AIDS).

b. Develops within weeks to months of primary infection
c. Symptoms of secondary syphilis may or may not be seen.

d. Secondary syphilis and chancres may coexist in HIV-
infected patients.

3. Latent syphilis: Without therapy, 60—70% of patients have
no disease progression.

4. Late or tertiary stage
a. Develops in one-third of untreated patients
b. Gummas (granulomas with caseating necrosis) affect
involved organs and usually develop over 4-10 years but
may develop within months in HIV-infected patients.

c. Myriad of manifestations including cardiac (aortic root
and coronary artery involvement), eyes, skin, and CNS

5. Neurosyphilis
a. May be asymptomatic or symptomatic

b. Neurosyphilis can develop early (< 1 year) or late after
syphilis infection in HIV-infected patients.

(1) Typical early symptoms include cranial nerve palsies,
meningitis or meningovascular symptoms (strokes
secondary to arteritis). One report found visual
symptoms in 51%; headache in 32%; and gait diffi-
culty, hearing loss, meningismus, or altered mental
status in < 5%.

(2) Early neurosyphilis develops in 1.7% of HIV-
infected MSM who acquire syphilis.

(3) Typical late symptoms include tabes dorsalis, gen-
eral paresis (dementia associated with psychotic
features) and almost any focal finding.

(4) May present with visual loss secondary to oph-
thalmic involvement (uveitis) or hearing loss
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2. CD4 T cell count: 25-882/mcL. Mean CD4 T cell count:
217-312/mcL.

3. Estimating test accuracy is difficult due to the lack of a
gold standard.

4. Commonly used criteria include eizher positive CSF VDRL
or positive serum serology for syphilis and CSF pleocytosis.

a. CSF VDRL is highly specific but sensitivity is = 50%.

b. CSF pleocytosis may be more sensitive but less specific
due to other infections that increase CSF WBCs
(including the HIV virus and other opportunistic
infections).

c. Reverse transcriptase PCR testing of CSF for T pal-
lidum has been used but has limited sensitivity.

d. CSF FTA-ABS is highly sensitive but less specific. A
negative CSF FTA-ABS makes neurosyphilis very
unlikely.

5. Perform lumbar puncture to look for neurosyphilis in any

HIV-positive patient with syphilis and either:

a. Neurologic symptoms of any type, including meningi-
tis, stroke-like syndrome, visual loss, hearing loss,
dementia, or other focal deficit

b. Persistent signs of infection despite treatment (ie, fail-
ure of RPR to fall fourfold with treatment)

c. Serum RPR titer > 1:32

(1) Increases the likelihood of neurosyphilis in HIV-
infected persons with syphilis

(2) 76-96% sensitive, 59% specific
d. CD4 T cell count = 350/mcL.
(1) Increases the likelihood of neurosyphilis in HIV-
infected persons with syphilis
(2) 69% sensitive, 53% specific

e. HIV-infected patients with late latent syphilis (> 1 year)
or of unknown duration

Treatment

Evidence-Based Diagnosis A. Primary and secondary syphilis

A. Primary syphilis 1. Single-dose benzathine penicillin IM

1. Darkfield exam of chancre is the test of choice but avail- 2. Penicillin allergy: doxycycline

ability is limited.
2. Direct fluorescent antibody (DFA) may be available.
. Secondary syphilis

1. Nonspecific treponemal tests of serum (RPR) are highly
sensitive for secondary syphilis.

3. Follow RPR every 3 months for 1 year to document 4 X
fall in titer.

. Latent syphilis

1. If duration is unknown, lumbar puncture is reccommended
to rule out neurosyphilis.

2. Confirmation with FTA-ABS is required to confirm diagnosis. 2. If lumbar puncture is negative, administer IM benzathine

penicillin every week for 3 weeks.

C. Tertiary syphilis

1. RPR s positive in two-thirds of patients. Confirmation by 3. Follow RPR every 6 months for 2 years to document
FTA-ABS still required. 4 x fall in titer.

2. FTA-ABS is 100% sensitive.
3. False-negative results occur rarely.

C. Neurosyphilis
1. IV penicillin for 10-14 days
2. Penicillin allergy: high-dose ceftriaxone, oral doxycycline,

or desensitization to penicillin followed by IV penicillin
for 10-14 days. The latter strategy is most effective.

D. Neurosyphilis

1. Approximately half of men with neurosyphilis have no
other history or evidence of syphilis.
Cpnsider I}eurosyphilis in HIV-infected patients A summary of the clinical and radiological features, CD4 T
with new visual symptoms or headache. count, and tests of choice of the common CNS disorders in AIDS
patients is presented in Table 5-7.
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Table 5-7. Summary of findings in CNS disorders in AIDS patients.

Disease Common Clinical Features Radiologic Features Test of Choice

Mass Lesions

Toxoplasmosis

Headache
Focal findings

MRI multiple ring enhancing lesions in
most patients

Serum toxoplasma IgG almost
always positive

Mental status changes MRI
Onset days
CD4 < 100/mcL
PML Headache MRI single or multiple, asymmetric white CSF PCR JC virus

Focal findings

Mental status changes
Onset weeks-months
CD4 average 100/mcL

matter lesions
No mass effect or enhancement

If negative, consider brain biopsy
MRI

(may be >200/mcL)
Primary CNS lymphoma Headache MRI or CT => single (50%) or multiple (50%) CSF PCREBV
Focal findings, irregular enhancing lesions; Lesions may If negative, perform brain
Mental status changes be large (> 4 cm) biopsy
Onset days-weeks MRI
CD4 < 50/mcL
Non-Mass Lesions
Cryptococcal meningitis Headache Mass lesions rare Serum or CSF cryptococcal antigen

Mental status changes
CD4 < 100/mcL

CSF fungal culture

HIV encephalopathy

Dementia, ataxia, tremor

CD4 < 200/mcL

MRI may show atrophy and/or hyper-intensities
in the deep white matter and basal ganglia
without contrast enhancement

Diagnosis of exclusion
Imaging may be very suggestive

CMV encephalitis

Mental status changes
Headache

Focal findings CD4 < 50/mcL

MRI may show periventricular enhancement,
ventricular enlargement, or be normal

CSF CMV PCR

TB meningitis

Mental status changes
Cranial nerve palsies
Any CD4 count

MRI demonstrates meningeal enhancement,
occasional mass, or may be normal

AFB stain, large volume CSF for
culture

Neurosyphilis

Visual symptoms, headache,

cranial neuropathy, CVA,
dementia
Any CD4 count

May demonstrate CVA, rarely mass lesion

Serum RPR,
Serum FTA-ABS
CSF RPR

| have an HIV-positive patient with a cough and fever.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT W

Mr. L is a 35-year-old man who is HIV-positive. His chief
complaints are cough and fever lasting for 4 days.

What is the differential diagnosis of cough and fever in HIV
positive patients? How would you frame the differential?

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

The most common pneumonias in HIV-infected patients are bacte-
rial pneumonia, Pneumocystis jirovecii pneumonia (PCP), and TB.
Taken together, they account for 91% of pulmonary infections in

HIV-positive patients. Three pivotal features aid in the diagnosis of
these common pneumonias in HIV-infected persons. First, the CD4

T cell count gauges the level of immunocompromise. Virulent infec-

tions, such as TB or bacterial pneumonia, may occur in patients with
any CD4 T cell count. On the other hand, less virulent infections,



such as PCD, are seen almost exclusively in patients with CD4 T cell
counts < 200/mcL. Atypical mycobacteria, fungal, and CMV infec-
tions usually occur in patients with CD4 T counts < 100/mcL.

The second pivotal feature is that certain diseases present
acutely (ie, bacterial pneumonia), whereas other diseases present
subacutely or chronically (ie, TB or PCP).

The final pivotal feature that aids in the diagnosis of these com-
plaints is the pattern on chest radiograph. Lobar infiltrates suggest
bacterial pneumonia, whereas diffuse or interstitial infiltrates are seen
in PCE, CMV, and fungal infections. Patterns that suggest TB
include apical or cavitary infiltrates, hilar lymphadenopathy, or
nodular infiltrates. The chest radiographic pattern in TB varies
depending on the patient’s degree of immunosuppression. Table 5-8
and Figure 5-8 summarize the typical CD4 T cell count, acuity,
and chest radiographic pattern and approach to pulmonary infec-
tion in HIV-positive patients.

Tumors may also cause pulmonary complaints. Not surpris-
ingly, aggressive neoplasms, such as lung cancer, may occur at any
CD4 T cell count, whereas lymphoma usually develops in patients
with CD4 T cell counts < 500/mcL, and Kaposi sarcoma usually
develops in patients with CD4 counts < 200/mcL.

As noted above, the most common pneumonias in HIV-
infected patients are bacterial pneumonia, PCP and tuberculosis.
PCP is reviewed in Chapter 9 and will be mentioned here only
briefly. The remainder of this section will focus on bacterial pneu-
monia, tuberculosis and non-tuberculous mycobacterial infection
in HIV-infected patients.

Differential Diagnosis of Pulmonary
Processes in Patients with HIV
A. CD4 T cell count > 500/mcL

1. Bacterial pneumonia

2. TB

3. Lung cancer
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B. CD4 T cell count 200-499/mcL: All of the above plus lym-
phoma

C. CD4 T cell count 100-199/mcL: All of the above plus PCP

D. CD4T count < 100/mcL: All of the above plus the following:

1. Fungal infections uncommon (cryptococcosis, aspergillo-
sis, histoplasmosis, blastomycosis, coccidioidomycosis)

2. CMV (commonly found, rarely pathogenic)
3. Atypical mycobacteria (MAC)

4. Kaposi sarcoma

2

Mr. L reports that he was feeling well until 4 days ago
when sudden-onset fever of 26.6°C, cough productive of
green sputum, and right-sided chest pain with inspira-
tion developed. He feels moderately short of breath with
exertion. Medical history is remarkable for sexually
acquired HIV infection diagnosed 2 years ago. His last
CD4 T cell count 1 month ago was 400/mcL. At that
time, his viral load was undetectable. He is compliant
with HAART.

At this point, what is the leading hypothesis, what are
the active alternatives, and is there a must not miss
diagnosis? Given this differential diagnosis, what tests
should be ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

There are 2 key features to Mr. s presentation. The first pivotal
feature is that his CD4 T cell count is only moderately reduced.
This makes a variety of opportunistic infections unlikely (ie, PCP,

MAC, CMYV, and fungal infections). On the other hand, both TB

Table 5-8. Summary of findings in pulmonary infection in HIV-positive patients.

Variable Tuberculosis Bacterial Pneumonia PCP
Acuity Subacute Acute Subacute
Weeks to months < 1 week Weeks to months
CD4 Any count Any count <200/mcL

Typical chest radiographic
pattern

CD4 > 200 /mcL: Apical, cavitary or
nodular lesions
CD4 < 200 /mcL: Normal, or middle or

lower lobe consolidation, miliary pattern,

lymphadenopathy

Lobar consolidation Bilateral perihilar diffuse

symmetric interstitial pattern

Risk factors Foreign born or traveler to

endemic area, recent exposure, prior

positive PPD, injection drug use, prison

Injection drug use, Low CD4 count

Low CD4 count

Other clues Pleural effusions may be seen

Elevated lactate dehydrogenase,
more hypoxia than expected
from chest radiographic findings

Diagnostic tests of choice Sputum smear and culture. BAL if no

productive cough; Biopsy if miliary TB

Sputum culture, Gram stain and
blood culture

Sputum obtained by BAL.!
Silver stain, H & E, or DFA for
PCP

'Most institutions lack the expertise to reliably detect PCP in expectorated sputum. BAL is usually required. BAL, bronchoalveolar lavage.
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Pulmonary complaints (cough, fever, dyspnea)

Oxygen saturation
Sputum (Gram stain, culture, AFB smear and culture, silver stain, and fungal culture)
Blood culture (bacteria, mycobacteria, and fungus)
Urine pneumococcal antigen

CD4 count, lactate dehydrogenase

Chest radiograph

Acuity
Chest radiograph
CD4

Abnormal

Chest radiograph — Normal/
nonspecific pattern

High-resolution CT
(especially for patients
with dyspnea or hypoxia)

]

Onset: Acute (< 1 week)
Chest radiograph: Lobar consolidation
CD4: Any

/

Consider
bacterial pneumonia

y
Consider empiric
antibiotics

Response?

No

L

Onset: Chronic (> 1 week)
Chest radiograph: Apical, cavitary, or
reticulonodular pattern, hilar

culture

L

Onset: Chronic (> 1 week)
Chest radiograph: Diffuse or interstitial
symmetric perihilar infiltrates

lymphadenopathy CD4 < 200 cells/mcL
CD4: Any Other: Not receiving PCP prophylaxis
Y Y
Consider Consider

B PCP
Y

BAL'

Sputum AFB (+)
Smear and > Treat

Consider induced sputum

)

/

L BAL

"BAL usually required for diagnosis of PCP except in few centers with unusual expertise in performing silver stain of induced sputums.

AFB, acid-fast bacilli; BAL, bronchoalveolar lavage; PCP, Pneumocystis jiroveci pneumonia; TB, tuberculosis.
Figure 5-8. Evaluation of pulmonary complaints in HIV-positive patients.

and bacterial pneumonia are sufficiently virulent to present in
patients with normal or mildly impaired immune systems. The
second pivotal feature is the rapid development of the pulmonary
process, which strongly favors bacterial pneumonia over TB. The
differential diagnosis is summarized in Table 5-9.

Physical exam reveals the following: temperature, 38.6°C; BD,
120/75 mm Hg; HR, 110 bpm; RR, 18 breaths per minute. Lung
exam reveals crackles over the lower one-third of posterior right
chest. Chest radiograph reveals a right lower lobe consolidation. No
effusion is seen. WBC is 8000/mcL with 15% bands. Sputum



Table 5-9. Diagnostic hypotheses for Mr. L.

Diagnostic

Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Bacterial pneumonia  Acute onset, any Chest radiograph:

CD4 count, purulent
sputum

lobar infiltrate(s)
Sputum culture and
Gram stain

Blood culture
Pneumococcal
urinary antigen

Active Alternative—Most Common

Tuberculosis

Recent exposure,
positive PPD, foreign

born, subacute onset,

any CD4 count

CD4 > 200: Chest
radiograph shows
apical, cavitary or
nodular lesion
CD4 < 200: Chest
radiograph shows

lower lobe
consolidation,
adenopathy
Sputum AFB smear
and culture
Other Hypotheses
PCP Subacute/chronic Chest radiograph:
process bilateral diffuse
CD4 < 200/mcL, perihilar infiltrates
not receiving TMP-
SMX prophylaxis
MAC Systemic illness: Chest radiograph:

fever, weight loss,
and night sweats
CD4 < 50/mcL

any pattern;
AFB sputum smear
and culture;

blood culture

Gram stain reveals numerous PMNs and gram-positive diplococci.
The initial AFB smear is negative. Blood cultures are sent.

Is the clinical information sufficient to make a diagnosis? If
not, what other information do you need?

Leading Hypothesis: Bacterial Pneumonia

Textbook Presentation

Typical onset is acute (< 1 week) with productive cough and fever.
Patients may have purulent sputum and pleuritic chest pain. Pre-
sentation is similar to bacterial pneumonia in HIV-negative
patients.

Disease Highlights

A. Bacterial infection is the most common cause of pneumonia
in HIV-positive patients.

HIV should be considered in patients with severe or
recurrent community-acquired pneumonia.
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B. Recurrent bacterial pneumonia (> 2 episodes within 1 year) is

an AIDS-defining condition.

. May occur at any time during course of HIV infection
. Risk of bacterial pneumonia increases as CD4 T cell count

falls. Injection drug use further increases the risk.
1. CD4 T cell count

a. Rate of bacterial pneumonia in HIV-negative patients:
0.9%/year

b. Rate of bacterial pneumonia all HIV-positive patients:
5.5%/year

(1) CD4 T cell count > 500/mcL: 2.3%/year
(2) CD4T cell count 200-500/mcL: 6.8%/year
(3) CD4T cell count < 200/mcL: 10.8%/year

(4) Two-thirds of cases in HIV-infected patients devel-
oped in those with CD4 T cell count < 200/mcL.
2. Injection drug use

a. Pneumonia incidence in HIV-infected patients with-
out a history of injection drug use is 4.1%/year, com-
pared with 11.1%/year in HIV-infected persons with a

history of injection drug use.
b. Increased rate of septic emboli from infective endocarditis

3. HAART significantly reduces the risk of bacterial pneu-
monia (45%).

. Edology

1. Streptococcus pnewmoniae is the most common cause of
bacterial pneumonia. Other common causes include
Haemophilus influenzae, Mycoplasma pnewmoniae, Staphy-
lococcus aureus, and Pseudomonas aeruginosa.

2. S pneumoniae is associated with higher WBC than P
aeruginosa (12,400/mcL vs 5000/mcL) and higher average
CD4 T count (106/mcL vs 19/mcL).

3. M pneumoniae was the causative agent in 21% of HIV-
infected patients with pneumonia in 1 study.

4. P aeruginosa has been reported as causative agent in up to
38% of hospital-acquired pneumonias and 3-25% of
community-acquired pneumonias. It has been associated
with a 33% in-hospital mortality rate.

5. Concomitant PCP is present in 13% of patients with bac-
terial pneumonia.

E. Complications and prognosis

1. Bacterial pneumonia progresses more rapidly and is more
often complicated in HIV-infected persons than in non-
infected persons.

2. 30% of bacterial pneumonias associated with bacteremia.
Bacteremia is more common in S pneumoniae infections
than other infections.

3. Among hospitalized patients, 9.3-27% overall mortality

a. 6-13 X higher mortality than general US population (and
1.2-2.4 X higher than population over 65 years)

b. 5 predictors of mortality include septic shock, CD4 T
count < 100/mcL, significant pleural effusion (extend-
ing beyond costophrenic angle), cavities and multilo-
bar infiltrates. Mortality is proportional to number of

risk factors (Table 5-10).

c. Inappropriate antimicrobial therapy associated with
markedly increased mortality in shock patients (85.7%
compared with 25% with appropriate therapy).

d. Mortality increases during influenza season.
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Table 5-10. Mortality among HIV-positive patients with
bacterial pneumonia.

No. Predictors’

Mortality (%)

0 13
1 7.5
2 8.7
3 345
4 42.8

'Predictors: septic shock, CD4 count < 100/mcL, significant pleural effusion
(extending beyond costophrenic angle), cavities and multilobar infiltrates.

G.

Pyogenic bacterial bronchitis with productive cough, fever, and
absence of infiltrates is more common in HIV-infected patients.

Evidence-Based Diagnosis

A.

B.

C.

Initial evaluation should include a chest radiograph, blood
and sputum cultures, sputum Gram stain, and WBC. Urinary
pneumococcal antigen is often diagnostic. Three sputum
acid-fast stains should be done when TB is considered.

Toxic appearance is uncommon but suggests bacterial pneumonia

over PCP or TB (sensitivity, 10.6%; specificity, 97.8%; LR+, 4.8)
Pneumococcal pneumonia

1. A variety of symptoms are common in patients with pneu-
mococcal pneumonia including cough (93%), subjective
fever (90%), pleural pain (52-91%), and chills (74%).
51% of patients have hemoptysis and 63% have tempera-
ture > 38°C. The median duration of symptoms is 4 days.

2. Sputum Gram stain is 58% sensitive and was more fre-
quently positive if collected within 24 hours of antibiotics.

»

. Sputum culture was 56% sensitive.

N

. Blood cultures are positive in 31-95%.

5. Pneumococcal urinary antigen: =79% sensitive and 94%
specific (LR+, 13; LR—, 0.2)

. Legionella pneumonia

1. One study reported that certain findings were more com-
mon in patients with Legionella pneumonia than S pneu-
moniae, including extra-respiratory symptoms (57% vs
24%), hyponatremia (57% vs 13%) and elevated creatine
phosphokinase (CPK) (57% vs 17%).

2. Respiratory failure was also more common in patients with
Legionella pneumonia than S pneumoniae (33% vs 2%).

. M pneumoniae can be diagnosed by induced sputum culture,

IgM ELISA, or cold agglutination. Their sensitivities were
90%, 67%, and 94%, respectively. Cold agglutination was
94% specific.

E. Chest radiograph

1. Standard imaging includes posteroanterior and lateral

chest radiograph.

2. Chest radiograph typically demonstrates lobar or multifo-
cal consolidation.

3. Lobar consolidation is not always seen but strongly sug-
gests bacterial pneumonia over PCP or TB (sensitivity,

54%; specificity, 90%; LR+, 5.6; LR—, 0.51).

4. Lobar infiltrates in patients with fever for less than 1 week
strongly suggests bacterial pneumonia (sensitivity, 48%;

specificity, 94%; LR+, 8.0; LR—, 0.55).

5. Chest radiographic patterns did not distinguish § pneu-
moniae from P aeruginosa, or Legionella infection.

6. One report found that 82% of HIV-infected persons with
pulmonary complaints had abnormalities, including pleu-
ral effusions, cavities and abscess, on high-resolution CT
scans that were not detected on chest radiograph.

7. High-resolution CT scanning should be considered for
patients who do not respond to therapy and for ill patients
with respiratory symptoms or signs but an unexpectedly
normal chest radiograph.

. Bronchoscopy

1. Indicated in patients who do not respond to therapy or
when concomitant infection is suspected.

2. Sensitivity of bronchoalveolar lavage (BAL) for bacterial
pneumonia: 70%

Treatment

A. Prevention

1. TMP-SMX prophylaxis (for PCP) in patients with a CD4
T cell count < 200/mcL also decreases the incidence of
bacterial pneumonia by 67%.

2. Pneumococcal vaccine
a. Decreases pneumococcal disease (OR 0.44)
b. 86% of serotypes covered in 23-valent vaccine

c. CDC recommends pneumococcal vaccine use as early
as possible in HIV infection. Vaccination should be
delayed 4 weeks in individuals initiating HAART to

allow for immune reconstitution.

d. A booster is recommended in 5 years. A booster may
also be useful in patients whose initial CD4 T cell count
is < 200/mcL after significant immune reconstitution
occurs (ie, an increase of CD4 T cell count > 100/mcL).

W

. Smoking cessation is recommended.

4. Therapy for typical bacterial pneumonia is usually initi-
ated empirically.

5. Antimicrobial therapy must cover frequent causative agents
(S pneumoniae, S aureus, H influenzae, M pneumoniae, and
P aeruginosa). Local resistance patterns should be considered.

6. P aeruginosa is usually treated with an antipseudomonal
B-lactam and an aminoglycoside.

7. Patients with uncomplicated pneumonia have time course
of clinical and radiologic response to therapy similar to
non-HIV-infected persons.

MAKING A DIAGNOSIS

2

Serial sputum samples are sent for AFB smear and cul-
ture. All AFB stains are negative. Induced sputum is neg-
ative for PCF.

Have you crossed a diagnostic threshold for the

V leading hypothesis, bacterial pneumonia? Have

You ruled out the active alternatives? Do other
tests need to be done to exclude the alternative
diagnoses?



A critical decision at this point in the evaluation of an HIV-
infected patient with pulmonary complaints is whether the patient
needs bronchoscopy with BAL to establish the etiologic agent. In
HIV-positive patients with infiltrates, BAL is highly sensitive (86%).
Transbronchial biopsy increases the sensitivity further to 96%. Due to
the large number of potential pathogens, empiric treatment is often
untenable except in the cases in which bacterial pneumonia is strongly
suspected. Acute onset and focal infiltrates suggest bacterial pneumo-
nia whereas subacute/chronic progression, diffuse infiltrates, and cav-
itary lesions suggest other etiologies. Bronchoscopy is often necessary
in such cases unless sputum analysis is diagnostic (positive AFB or sil-
ver stain). Figure 5-8 suggests one possible diagnostic algorithm. Mr.
L s acute illness, and focal findings on the chest radiograph strongly
suggest bacterial pneumonia. You wonder if TB would present simi-
larly in an HIV positive patient with this CD4 T cell count.

Alternative Diagnosis: Pulmonary
TB in AIDS Patients?

Textbook Presentation

TB typically presents subacutely with cough and fever that have
gone on for over 1 week (and often much longer) and systemic
symptoms of night sweats and weight loss are common. In patients
with CD4 T cell counts > 200/mcL, the chest radiographic pattern
is similar to non—-HIV-infected patients—that is, with apical,
cavitary, or nodular infiltrates. In patients with CD4 T cell counts
< 200/mcL, the pattern on chest radiograph is often atypical: lower
lobe infiltrates, miliary infiltrates, and lymphadenopathy are more
common. Extrapulmonary disease is also more common.

Disease Highlights

A. More worldwide cases of TB currently than at any time in
human history

B. HIV-infected persons at highest risk for TB (170X higher
incidence).

1. Risk increases further in patients from endemic areas and
among patients who are injection drug users.

2. 6000-9000 new cases in United States each year

C. TB in turn increases HIV replication and increases the risk of

death.
. Worldwide TB accounts for 30% of HIV-related deaths.
. Epidemic in sub-Saharan Africa and parts of Asia
50% of cases secondary to recent infection

QO mmO

. TB may be the first manifestation of HIV infection and is an
AIDS-defining illness.

TB may be the first manifestation of AIDS. All
patients with TB should be tested for HIV.

H. Clinical characteristics
1. Early HIV infection: TB is fairly typical.
2. Advanced HIV infection
a. Extrapulmonary TB more frequent

(1) More common in the AIDS population (30%)
than in patients without AIDS (15%)

2TB in the non—HIV-infected patients is covered in Chapter 9,
Cough, Fever, and Respiratory Infections.
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Table 5-11. Diagnostic accuracy of radiographic findings
in HIV-infected patients for tuberculosis.

Radiographic

Finding Sensitivity  Specificity LR+ LR-
Cavitary lesions 16.7% 98.4% 1072 085
Hilar 11.1% 98.4% 715 090
lymphadenopathy
Nodular lesions 25.0% 92.7% 345 081

(2) Most common sites of extrapulmonary TB include
blood, lymph nodes, bone marrow, genitourinary
tract, CNS, and liver. 19% of patients had cervical
or supraclavicular lymph node involvement.

(3) Other syndromes seen in these patients include
weight loss, fever of unknown origin, and tubercu-
lous meningitis.

b. Chest radiographic pattern more frequently atypical

(see below).

Extrapulmonary TB is common in HIV-infected
patients and can aid in the diagnosis (ie, through
lymph node biopsy, bone marrow biopsy, or urine
culture).

Evidence-Based Diagnosis

A. Prolonged fever (> 7 days) is more common in HIV-infected
persons with TB than in those with PCP or bacterial pneumo-
nia (sensitivity, 56%; specificity, 78%; LR+, 2.5; LR—, 0.57).

B. Weight loss is also more common with TB infection than

with PCP or bacterial pneumonia (sensitivity, 66.7%; speci-
ficity, 68%; LR+, 2.08; LR—, 0.49).

C. Standard tests in patients with suspected TB should include
chest radiograph (with posteroanterior and lateral views), 3 spu-
tum AFB stains and cultures, PPD, and blood and urine cultures.

D. Chest radiography

1. Certain radiographic findings, including cavitary lesions,
hilar lymphadenopathy, and nodular lesions, are infre-

quent but suggestive of TB (Table 5-11).

2. However, the radiographic manifestations vary with
degree of immunosuppression (Table 5-12).

Table 5-12. Frequency (%) of radiographic manifestations
in HIV-infected patients with TB: Influence of CD4 count.

Radiographic CD4 Count (cells/mcL)

Finding > 400 200-399 <200
Cavitary lesions 63 44 29
Hilar lymphadenopathy 0 14 20
Pleural effusions 3 11 11
Miliary pattern 0 6 9
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a. Early HIV infection (CD4 T cell count > 200/mcL):
Chest radiograph usually shows the typical reactivation
pattern: upper lobe disease or apical segment of lower
lobe with or without cavitation

b. Advanced HIV infection (CD4 T cell count
< 200/mcL):

(1) Middle and lower lobe consolidation, lymph node
enlargement, pleural effusions, and miliary pat-
terns are more often seen.

(2) Pleural involvement more common

(a) Often accompanied by fever (85%), cough
(77%), and chest pain (36%). Weight loss is
common (74%).

(b) Unilateral exudative effusion

(c) Concomitant lower lobe parenchymal infil-
trate present in 44-73%

3. Cavitary lesions with night sweats or prolonged fever
(> 7 days) was not sensitive for TB but virtually diag-
nostic (sensitivity, 8—11%; LR+, o0).

4. Hilar lymphadenopathy with weight loss or with pro-
longed cough (> 7 days) was not sensitive for TB but
highly suggestive (sensitivity, 8%; LR+, 8—co).

The chest radiograph in HIV-infected patients with
pulmonary TB may be typical or atypical. TB
should be considered in patients with apical or cav-
itary disease, nodular infiltrates, or adenopathy.

5. Chest radiograph is normal in 10-21% of patients with
pulmonary TB and advanced disease.

Pulmonary TB can be present despite a normal
chest radiograph and should be considered in HIV-
positive patients with CD4 T cell counts < 200/mcL
and pulmonary symptoms.

E. PPD: Sensitivity depends on the degree of immunosuppres-
sion
1. CD4 T cell count > 300/mcL: 90% sensitive
2. CD4 T cell count < 100/mcL: 0% sensitive

A negative PPD does NOT make TB less likely in
patients with low CD4 T cell counts. (A negative
PPD never rules out TB.)

E Sputum analysis
1. AFB smear results
a. Poor sensitivity (29-60%) is often due to the patient’s

inability to produce adequate sputum. Sensitivity is
67% in patients able to produce adequate sputum.

b. Specificity falls at lower CD4 T cell counts due to
increasing incidence of MAC but remains remarkably
high in this group (92%).
2. AFB culture

a. Sensitivity ranges from 43% to 100%. Sensitivity
approaches 100% in patients able to produce adequate
sputum.

b. Induced sputum is positive in 50% of patients with
pleural TB without pulmonary infiltrates.

G. Rapid RNA or DNA testing of sputum

1. Helps distinguish TB from MAC or commensal organ-
isms, which are also acid-fast positive.

2. Primarily used when AFB stains positive
3. DParticularly useful if suspicion of TB is low
a. Positive rapid tests help confirm TB, negative tests

make TB less likely
b. 95% sensitive and specific in this situation

4. May be useful when clinical suspicion is high and smear
negative.

a. Rapid tests reported to be 53% sensitive, 93% specific.
b. Positive tests suggest TB
c. Cultures are still required to test drug susceptibility.
5. A diagnostic algorithm is shown in Figure 5-9.
H. Blood culture for mycobacteria

1. Blood cultures are positive in 26-42% of HIV-positive
patients with TB.

2. Sensitivity increases to 49% in patients with CD4 T cell
count < 100/mcL.

I. Bronchoscopy

1. Smear sensitivity: 50-57%; specificity: 99% in endemic
area

2. Culture sensitivity: Nearly 100%

3. Some studies report similar sensitivities to induced spu-
tum.

4. Bronchoscopy associated with increased transmission of
TB to medical personnel. Risk is minimal if performed in
a pressure negative room.

5. Induced sputum is preferred.

6. If bronchoscopy is performed for suspected TB, trans-
bronchial biopsy is recommended to diagnose miliary TB.

J. Pleural evaluation
1. Pleural fluid smear is positive in 15%.
2. Culture of pleural fluid is positive in 33-90%.

3. Sputum smear or culture in patients with tuberculous
pleurisy is positive in 33—50%. Sputum may be positive in
patients without parenchymal infiltrate.

4. Effusion is unilateral and exudative with lymphocyte pre-
dominance.

5. Pleural biopsy
a. Positive smear: 44—69%

b. Positive pathology (granuloma): 88%

Treatment
A. Chemoprophylaxis

1. Recommended for all HIV-positive patients with positive
PPD (5 mm) or those with recent close contact (eg, house-
hold) with a patient with infectious TB (regardless of PPD
result)

2. A chest radiograph should be performed and the patient
evaluated to rule out active TB (pulmonary or extra-pul-
monary). In addition, even in patients with a normal chest
radiograph but a CD4 T cell count < 200/mcL, sputum
AFB stain and culture should be obtained if possible.
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Evaluate probability of TB:
1. Typical chest radiograph
(apical or cavitary)

2. Risk factors: (injection drug
use or endemic area)

Blood culture, sputum AFB smear and culture, urine culture, PPD, chest radiograph

y

High clinical suspicion

(+)

Rapid
diagnostic
test

Culture and treat

Consider
bronchoscopy

Y

Low clinical suspicion

)

/

Rapid
diagnostic
test

Culture and wait

Figure 5-9. Diagnosis of pulmonary tuberculosis: role of rapid diagnostic tests

. Isoniazid prophylaxis for 9 months (300 mg daily or 900 mg
twice weekly) markedly decreases the rate of progression
from latent to active TB from 7.4% to 2.6% in HIV-
infected patients.

. Directly observed therapy (DOT) is mandatory if twice
weekly therapy is used.

. Recent guidelines should be consulted. http://www.

cde.gov/tb/pubs/mmwr/Maj_guide/Treatment.htm

. Patients should be evaluated monthly to monitor adher-

ence and side effects of therapy.

. Isoniazid liver toxicity

a. Occurs in 10-20% of patients

b. Isoniazid should be stopped if transaminase elevation
exceeds 5x the upper limit of normal, even if the
patient is asymptomatic.

c. Patients with a history of alcohol abuse, liver disease,
or coinfection with hepatitis B or C virus should have
monthly liver function tests to rule out isoniazid-
induced hepatitis. HIV-infected patients taking certain

antiretroviral agents are also at higher risk for hepato-
toxicity.

d. Patients without risk factors for liver disease should
have a baseline set of liver function tests with a single
routine follow-up check at 1 month.

e. Symptoms should provoke repeat transaminase evaluation.

B. Active TB

1.

2.

Antituberculous regimens complicated by complex inter-
action with HAART

Frequent interactions occur between rifampin, rifabutin,

and HAART.

a. Rifampin increases metabolism of muldple drugs,
including NNRTTs and protease inhibitors.

b. Rifabutin may be used but the dose has to be adjusted.

c. Anti-TB therapy in patients receiving HAART requires
detailed knowledge of these drug interactions. Infec-
tious disease consultation is mandatory.

. DOT is recommended for all patients, including HIV-

positive patients.


http://www.cdc.gov/tb/pubs/mmwr/Maj_guide/Treatment.htm
http://www.cdc.gov/tb/pubs/mmwr/Maj_guide/Treatment.htm
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a. Decreases relapse rate from 20% to 5%

b. Decreases development of multidrug resistant TB from
6% to 1%

with a history of injection drug use, in MSM, and during
influenza season. In addition, coverage for Pseudomonas
should be considered when the CD4 T count is low.
Bronchoscopy should be performed if Mr. L does not

7

Mr. L' s acute presentation and chest radiograph suggest
bacterial pneumonia. PCP and MAC are unlikely given his
relatively high CD4 T cell count. Similarly, TB would be
unlikely with such an acute presentation. Furthermore, at
this CD4 T cell level, TB would be expected to present more

4. Monthly follow-up sputum cultures are recommended to respond promptly to antibiotic therapy.
confirm conversion to negative. If the 2-month culture ok : ; .
. . . Mr. L is given a third-generation ceftriaxone and
remains positive, treatment is extended from the usual . . . 2 s |
6 ths t0 9 h azithromycin. Urinary antigen is positive for S pneumo
mo.n sto i mon .S' ) niae and blood cultures return in 36 hours positive for
5. Multidrug resistance is a major health problem. S pneumoniae, sensitive to penicillin. Mr. L. is treated
a. Drug resistance is more common in HIV patients, but with IV penicillin and improves over the next 3-4 daye.
multidrug resistance is still uncommon in the United
States (due to DOT programs).
b. Multidrug resistance is defined as resistance to rifampin
and isoniazid. REVIEW OF OTHER IMPORTANT DISEASES
c. Arises in nonadherent patients: adherence is lower in Mycobacterium avium complex (MAC)
patients with psychiatric disease, illicit drug abuse, and .
alcoholism. Textbook Presentation
d. Suspect in patients with prior treatment, contact with MAC typically presents with constitutional symptoms, including
known multidrug resistant TB or immigrants from fever, drenching sweats, and weight loss.
areas of resistant TB. . o
e. Case fatality rate is very high in patients with mul- Disease Highlights
tidrug resistant TB and HIV. In extensively drug resist- A. MAC includes M avium and Mycobacterium intracellulare. M
ant TB, almost all HIV coinfected patients died. avium is by far the most common atypical mycobacterium in
f. Multidrug resistant TB typically requires 5 to 6 drugs, AIDS patients.
including 3 drugs to which TB is susceptible. Expertise B. M avium is thought to be acquired through inhalation or
in treating multidrug resistant TB is required. ingestion.
g. Therapy is recommended for at least 2 years. C. No human to human transmission
h. Surgical resection of localized disease is required in D. Infection in immunocompetent persons is common but usu-
some patients. ally asymptomatic.
C. Immune reconstitution E. Primary infection and disease can occur in HIV-infected persons.
1. Infiltrates worsen in 36% of patients upon institution of 1. Usually occurs in patients with profound immunosuppression.
HAART due to immunologically mediated reactions. a. CD4 T cell count < 50/mcL
2. Increasing fever, infiltrates, and adenopathy may be seen. b. Mean CD4 T cell count 7/mcL
3. Other die'agr.los:es must be ruled out, such as a ’second 2. Other risk factors include African Americans, birth out-
opportunistic infection; poor adherence, drug resistance, side of the United States, and > 6 years of occupational
or low potency of TB regimen need to be excluded. exposure to soil.
4. Self limited and lasts 10-40 days. 3. Disease usually presents as a multisystemic process involv-
5. Some reactions benefit from short course of corticosteroids. ing the liver, spleen, GI tract, lungs, and bone marrow.
. Bacille Calmette-Guérin (BCG) vaccination a. Cultures of blood, bone marrow, and urine may all be
1. BCG is a live-attenuated vaccine. posiuve.
2. Contraindicated in HIV-positive patients due to increased b. Predominandy pulmonary discase or GI disease is also seen.
incidence of active infection caused by the BCG strain. c. Constitutional symptoms predominate.
4. MAC detection in sputum and stool does not necessarily
CASE RESOLUTION imply disease. This may indicate either colonization or disease.
5. Pulmonary disease occurs in < 5% of patients with dis-

seminated disease. Nodules, infiltrates, lymphadenopathy,
and cavities may be seen.

F. Marked decreased incidence of MAC since the introduction
of HAART.

Evidence-Based Diagnosis

A. Signs and symptoms

typically (ie, with upper lobe or apical segment of lower lobe 1. Fever: 18-87%
disease). The LR of bacterial pneumonia given the acuity of 2. Night sweats: 78%
symptoms and [oba}r infiltrate !5 &.0. Therefore, 5m'piric 3. Cough: 78%
therapy for bacterial pneumonia would be appropriate. . 0
There should be a low threshold for including anti-methi- 4. Diarrhea: 32-47%
cillin-resistant S aureus coverage particularly in patients 5. Weight loss: 32-100%

6. Hepatosplenomegaly: 24%
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B. Laboratory findings Table 5-13. The predictive value of clinical, radiologic, and
1. Anemia: 85% combined findings for the diagnosis of PCP, TB, and
2. Increased alkaline phosphatase: 45-53% bacterial pneumonia in HIV-infected patients.
C. Culture — -
1. Blood culture for AFB: 50-95% sensitive inding *
2. Bone marrow and culture: 82% sensitive Bacterial pneumonia
D. Sputum Clinical findings Toxic appearing 48
1. Smears may be positive for acid-fast bacilli. Purulent sputum 1.9
2. Rapid testing can distinguish MAC from TB in patients Chest radiographic Lobar infiltrate 5.6
with positive smears. findings
E. Chest radiograph Combined findings Lobar infiltrate 115
1. Usually normal and cough < 7 days
2. May demonstrate patchy consolidation, nodules, or cavities Lcl)bar' |.nfllrt1rate and 10
E. Table 5-13 summarizes the predictive value of clinical, radio- pleuritic chest pain
logic, and combined findings for the diagnosis of PCP, TB, Pneumocystis pneumonia
and bacterial pneumonia in HIV-infected patients. Clinical findings Clear sputum 93
T Dyspneic appearing 24
reatment Dyspnea on exertion 2.0
A. Primary prevention Oral thrush 18
1. Recommepded. for patie.nts with.CD4 T cell counts < SQ/ Chest radiographic Diffuse infiltrate 23
mcL. Sd)p.tllons include azithromycin weekly or clarithromycin findings Interstitial infiltrate 43
twice daily. . N -
2. Therapy may be discontinued in patients responding to Combined findings g‘;se;;t:;acl)saes:m::d 725
HAART with C[?4 T ?ounts > 100/mcL for 3 months. Interstitial pattern and 79
B. Treatment of MAC infection oral thrush

1. Therapy usually includes clarithromycin with ethambutol

. . . . . . Tuberculosis
and 1n some patlents rlfabutln. Drug mteractions are com-

plex and infectious disease consultation is mandatory. Clinical findings Fever > 1 week 25

2. Susceptibility testing to macrolides should be performed if Weight loss 2.1
patients do not respond to the treatment regimen. Chest radiographic Cavitary lesion 107

3. Therapy may be discontinued after 1 year in patients findings Hilar lymphadenopathy 7.2
responding to HAART with CD4 T cell counts > 100/mcL Nodular pattern 35
for more than 6 months. Combined findings Cavitary and (night oo

4. Pulmonary infiltrates, hepatosplenomegaly, lym- sweats or fever > 1 week)
phadenopathy, or systemic symptoms may develop anew Hilar lymphadenopathy 8
or worsen during institution of HAART therapy (immune and cough > 1 week

reconstitution inflammatory syndrome [IRIS]).

| have a patient with AIDS who complains of chronic diarrhea.
How do | determine the cause?

CHIEF COMPLAINT

diarrhea in AIDS? How do you frame the dif-

What is the differential diagnosis of chronic
‘ ferential?

PATIENT W

Mr. P is a 35 year-old African American man with AIDS CONSTRUCTING A DIFFERENTIAL DIAGNOSIS
and watery diarrhea that has persisted for at least
© weeks. Chronic diarrhea is clinically defined as more than three loose bowel

movements a day for > 4 weeks. Chronic diarrhea in AIDS patients
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is often due to infections, medications, or an array of miscellaneous
causes. Three pivotal features help organize the differential diagno-
sis of diarrhea in AIDS patients. First, as in other AIDS-related
problems, infectious etiologies can be organized based on the
degree of immunosuppression (ie, CD4 T cell count). Second,
opportunistic infections and GI malignancies (lymphoma and
Kaposi sarcoma) are more common in patients with low CD4 T
cell counts (< 100/mcL) and elevated viral loads whereas medication-
induced diarrhea (protease inhibitors, antiretrovirals, antibiotics)
or noninfectious etiologies (lactase deficiency) are more likely in
individuals receiving HAART with high CD4 T cell counts and
undetectable viral loads. The third pivotal point in the approach to
AIDS patients with diarrhea recognizes that patients often have one
of two clinical syndromes: an enteritis syndrome or a colitis syn-
drome. An enteritis syndrome (“small bowel diarrhea”) is charac-
terized by large-volume watery stools; crampy, diffuse, or epigastric
abdominal pain; dehydration, and malabsorption. A colitis syn-
drome (“large bowel diarrhea”) is characterized by frequent, small-
volume stools, often containing mucus or blood and is associated
with lower quadrant abdominal pain, rectal pain, and tenesmus
(feeling of incomplete evacuation). The enteritis syndrome is often
secondary to Cryptosporidium, Microsporidia, MAC, and Giardia,
whereas the colitis syndrome is usually secondary to Salmonella,
Shigella, Clostridium difficile, or CMV. Salmonella can present in
either fashion. The complete differential is listed below and a diag-
nostic algorithm is shown in Figure 5-10.

Differential Diagnosis of Chronic Diarrhea
in Patients with AIDS

A. Infectious causes

1. Opportunistic pathogens (CD4 T cell count usually
< 100/mcL)

a. Bacteria: M avium complex (10-20%)
b. Fungus: histoplasmosis
c. Virus
(1) CMV (15-20%)
(2) HIV enteropathy
d. Protozoa
1) Cryprosporidium parvum (10-30%)
(2) Microsporidia (15-30%)
(a) Enterocytozoon bieneusi
(b) Encephalitozoon intestinalis
(3) Isospora belli (1-3%)
(4) Cyclospora cayetanensis (< 1%)
2. More virulent pathogens (any CD4 T count)
a. Bacteria

(1) Salmonella, Shigella, Campylobacter, enteropatho-
genic Escherichia coli, Yersinia enterocolitica

(2) Toxin-producing C difficile
b. Protozoa
(1) Giardia lamblia
(2) Entamoeba histolytica (1-3%)
B. Medications
1. Protease inhibitors
2. Reverse transcriptase inhibitors, especially didanosine

3. Agents used in the prophylaxis or treatment of opportunis-
tic infections: atovaquone, clarithromycin, clindamycin

4. Ingestion of laxatives, magnesium-containing antacids,
sorbitol, or lactulose

C. Miscellaneous

1. Lactase deficiency either primary or secondary to gut
infection or sprue

2. Pancreatic insufficiency in chronic pancreatitis due to alcohol
3. GI Lymphoma
4. GI Kaposi sarcoma

\

Mr. P has 6-10 large-volume watery stools a day. The
diarrhea has persisted for 6 weeks. He has not been
febrile. He has no night sweate. He has lost about 15 pounds.
He complains of periumbilical, crampy abdominal pain
that is usually relieved by bowel movements. The stools
do not appear bloody. He denies any travel history or
recent antibiotic use. He denies illicit drugs, excessive
alcohol intake, or smoking history. He takes no antiretro-
virale or FPneumocystis jiroveci prophylaxis, but was
advised to take both 2 years ago.

Physical exam is notable for temperature, 36.4°C; BF,
95/60 mm Hg; and HR, 90 bpm while lying down; BF,
85/85 mm Hg; and HR, 110 bpm while standing. He is
cachectic: weight 45 kg, height 5107, Oral thrush is pres-
ent. No lymphadenopathy. Heart and lungs unremarkable.
Abdomen ecaphoid, no organomegaly.

At this point what is the leading hypothesis,

V what are the active alternatives and is there a
V" must not miss diagnosis? Given this differen-
tial diagnosis what tests should be ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The first pivotal point is that Mr. P has chronic diarrhea and the
prior recommendation that he should be receiving TMP-SMX pro-
phylaxis; the current finding of thrush on oral exam suggests he has
advanced AIDS with a very low CD4 T cell count. This puts him
at high risk for a number of opportunistic infections and GI malig-
nancy. The second pivotal point is that the diarrheal characteristics
suggest it is of small bowel origin. The most common opportunis-
tic infections in patients like this without a travel history include
Cryptosporidium, microsporidia, and MAC. Bacterial pathogens
(Salmonella, Shigella and Campylobacter) and Giardia are also pos-
sible. Prior antibiotic use would increase the likelihood of C 4iffi-
cile, but recently C difficile-associated disease has been seen in
community settings without prior antibiotic use. Lymphoma and
Kaposi sarcoma are less common etiologies. fsospora and Cyclospora
are more common in travelers to and immigrants from endemic

areas. The differential diagnosis is found in Table 5-14.

\

Mr. P’s CD4 T count is 25/mcl. The viral load is
110,000/mcL. Hgb is & gl/dL. Stool fecal leukocytes are
negative. Stool is sent for routine bacterial cultures



AIDS-RELATED COMPLAINTS / 95

HIV-positive patient with chronic diarrhea

Initial Evaluation

History: Stool volume, frequency, bloody, fever, abdominal pain, weight

loss, epidemiologic clues, medications, urinary output

Physical exam: Orthostatic vital signs, temperature, abdominal exam

Labs: CD4, viral load, CBC differential, electrolytes, BUN, creatinine,

LFTs, blood culture if febrile. Fecal leukocytes, routine stools cultures
(Salmonella, Shigella and Campylobacter), Clostridium difficile toxin, Giardia DFA
or ELISA

CD4 count
Medications

Y Y

CD4 count < 200/mcL

High CD4 count,
No medications medications

Y Y

Likely medication related,

Likely infectious lactase deficiency, or other

volume, blood and mucus,

Large
volume vs small

positive fecal
leukocytes

Large volume

Y

Enteritis syndrome: Consider Cryptosporidium,
Microsporidia, MAIl, and Giardia

/

Consider: Modified stool AFB

(Cryptosporidium, Cyclospora, Isospora), stool ova
and parasites, trichrome stain (microsporidia),
Giardia/Cryptosporidium DFA or ELISA

Blood cultures for mycobacteria, EGD with
duodenal biopsy

Small volume

\

Colitis syndrome: Consider Salmonella,
Shigella, C difficile, CMV, Entamoeba histolytica

\

Consider stool ova and parasites, E histolytica Ag,
colonoscopy

AFB, acid-fast bacilli; CMV, cytomegalovirus; DFA, direct fluorescent antibody; EGD, esophagogastroduodenoscopy;
ELISA, enzyme-linked immunosorbent assay; LFTs, liver function tests; MAI, Mycobacterium avium-intracellulare.

Figure 5-10. Diagnostic approach: chronic diarrhea.

(Salmonella, Shigella, and Campylobacter) and C difficile
toxin. Stool is also sent for ova and parasites X 2. Blood
cultures are sent for bacterial and mycobacterial cul-
tures. Additional stools are sent for modified AFB and
DFA (to evaluate for Cryptosporidium) and trichrome
stain for microsporidia.

Is the clinical information sufficient to make
‘ a diagnosis of Cryptosporidium infection? If
not what other information do you need?
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Table 5-14. Diagnostic hypotheses for Mr.P.

Diagnostic
Hypotheses

Clinical Clues

Important Tests

Leading Hypothesis

Cryptosporidium
parvum

CD4 count < 150/mcL
Large-volume diarrhea
No fever

Dehydration

Weight loss

Round cysts on
modified stool AFB
or direct fluorescent
antibody (DFA);
ELISA stool assay
Small bowel biopsy

Active Alternatives—Most Common

Microsporidia

CD4 count < 50/mcL
Large-volume diarrhea
No fever

Dehydration

Weight loss

Trichrome stool
stain, calco-fluor
stain;

Small bowel biopsy

Cytomegalovirus

CD4 count < 100/mcL
Chronic diarrhea
Systemic symptoms
Bloody stools

Fever, colitis

Severe complications

2 fecal leukocytes
Colonoscopy:
erythematous
colitis, ulcerations,
hemorrhages; colon
biopsy

Mycobacteriun
avium complex

CD4 count < 100/mcL
Chronic diarrhea
Fever
Hepatosplenomegaly

Pancytopenia
Positive AFB
Blood culture
Colonoscopy with
biopsy and

AFB stains

Stool AFB culture

Other Alternative—Must Not Miss

Salmonella

When chronic, diarrhea
is moderately severe
Fever, bacteremia

Also causes colitis

Stool culture Blood
culture

Giardia lamblia

Any CD4 count
Large-volume diarrhea,
but not as severe as
with other protozoa
Weight loss

Stool culture

Cysts in stools with
trichrome stain or
DFA

EGD with duodenal
biopsy or aspirate

Leading Hypothesis: Cryptosporidium parvum

Textbook Presentation

Patients typically have advanced AIDS, low CD4 T cell counts,

and large-volume chronic diarrhea with weight loss.

Disease Highlights

A. C parvum is an intracellular intestinal coccidian protozoa.

B. It is a common etiology of chronic diarrhea in AIDS (found in

10-30% of untreated AIDS patients with chronic diarrhea).

C. Although the small bowel is the main site of infection, the

parasite may also be seen in the colon.

D. When C parvum infects individuals with AIDS and CD4 T

counts below 150/mcL, it causes either a chronic, watery
diarrhea that can be severe or, less frequently, an acute diar-
rhea with very large stool volumes.

E.
E

Disseminated infection does not occur.

Biliary involvement occasionally occurs: acalculous cholecysti-
tis or “AIDS cholangiopathy” with right upper quadrant pain,
nausea or vomiting, and elevated alkaline phosphatases with-
out hyperbilirubinemia.

1. In acalculous cholecystitis, ultrasound often shows a thick-
wall, dilated gallbladder without stones. HIDA scan con-
firms the diagnosis.

2. In cholangiopathy, endoscopic retrograde cholangiopancre-
atography (ERCP) is required to show the irregular narrowing
of the extrahepatic and intrahepatic bile ducts. The ampulla
may be narrowed, resulting in increased diameter of the com-
mon bile duct and the pancreatic duct. Other opportunistic
infections, such as CMV or MAC, may cause this presentation.

Evidence-Based Diagnosis
A. Cryptosporidium ELISA on stools: 90-94% sensitive, > 99%

B.

C.

D.

specific

Cryptosporidium DFA on stools: 96-100% sensitive, > 99%
specific

Modified acid-fast stain of the stools: 4-6 mem, round, acid-
fast cysts: 84% sensitive, 99% specific

Upper endoscopy with biopsies and brushings of the distal

duodenum or proximal jejunum is 80% sensitive

Treatment

A. Nitazoxanide is the first effective specific therapy, although

B.

C.

only when the CD4 T count is above 200/mcL, an unusual
situation in AIDS.

There are no other truly effective therapies: paromomycin and
azithromycin are often used, to limited effect.

Immune reconstitution associated with effective HAART
usually results in improvement or resolution of diarrhea.

MAKING A DIAGNOSIS

7

Routine stool cultures for Salmonella, Shigella, and Campy-
lobacter are negative. C difficile toxin is not detected. Stool
ova and parasites with a trichrome stain are negative times
three. Mycobacterial blood cultures are pending.

Have you crossed the diagnostic threshold for

“? the leading hypothesis, C parvum? Have you ruled
out the active alternatives? Do other tests need

to be done to exclude the alternative diagnoses?

Alternative Diagnosis: Microsporidia

Textbook Presentation

Microsporidia typically affect patients with low CD4 T counts

who complain of large volume, chronic diarrhea, weight loss, and

dehydration.

Disease Highlights

A.

Microsporidia are non-coccidian intracellular protozoa and a com-
mon (10-40%) etiology of AIDS-associated chronic diarrhea.



B. Due to either Enterocytozoon bieneusi (90%) or Encephalito-
zoon intestinalis (10%).

Evidence-Based Diagnosis

A. Trichrome stain of the stools shows the small spores, some of which
show a pathognomonic “belt” (> 99% sensitive, 100% specific).

B. Calco-fluor fluorescent stain is easier to read (99% sensitive,

> 99% specific).

C. Upper endoscopy with small bowel biopsies may show the
small intracellular parasites.

Treatment

A. Albendazole is an effective specific therapy for E intestinalis
but not E bieneusi, which is responsible for 90% of cases.

B. There is no effective specific therapy of E bieneusi although
fumagillin may have some activity.

C. HAART is effective; symptoms resolve with immune recon-
stitution.

Alternative Diagnosis: Mycobacterium avium
complex (MAC) Infection

Textbook Presentation

Patients typically have CD4 T counts < 50/mcL and complain of
fever, night sweats, chronic diarrhea, weight loss, and abdominal
pain.

Disease Highlights

A. M avium is a common opportunistic infection in advanced
HIV disease.

B. MAC causes 10-20% of AIDS-associated chronic diarrhea.
C. MAC involves the small bowel.

Evidence-Based Diagnosis
A. Diagnosis may be difficult to make.
B. Physical exam
1. Often positive for hepatosplenomegaly and anemia
2. Intra-abdominal and thoracic lymphadenopathy is common.
C. Laboratory findings
1. Anemia or pancytopenia is common.

2. Blood cultures for AFB have a high sensitivity, and typi-
cally positive cultures are identified after 7-14 days.

3. Bone marrow biopsy and culture may be useful.

4. Stool culture for mycobacteria is of limited usefulness
because a positive result does not prove the diagnosis and
may simply imply colonization.

5. Positive blood cultures or a biopsy revealing either granu-
loma or AFB proves the diagnosis.

Treatment

A. Primary prophylaxis for MAC is offered when the CD4 T cell
count is below 50/mcL; weekly azithromycin is often used.

B. Therapy involves a combination of at least 2 drugs, of which a
macrolide is the more effective (clarithromycin, azithromycin).
Other oral drugs include ethambutol, rifabutin, and rifampin.

C. Testing for susceptibility to macrolides is important.
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Alternative Diagnosis: CMV Colitis

Textbook Presentation

Patients typically have advanced AIDS, CD4 T counts < 50/mcL,
fever, myalgias, diarrhea, abdominal pain, and weight loss. Bloody
stools or occult blood are commonly found.

Disease Highlights
A. CMV causes > 20% of AIDS-associated chronic diarrhea.

B. Typically, CMV causes a colitis with erythema, ulcerations, or
bleeding.

C. Complications include perforation, obstruction, ischemia,
megacolon, and hemorrhage.

D. CMV can involve other parts of the gut, especially the esoph-
agus (esophagitis, ulcers, perforation) and the small bowel
(enteritis).

E. CMV colitis represents < 10% of CMV manifestations in
AIDS.

E. The most common CMYV disease in AIDS is sight-threatening
retinitis.

Evidence-Based Diagnosis

A. CMV colitis is best diagnosed by colonoscopy. Sigmoi-
doscopy may miss isolated right colonic involvement.

B. Colonoscopy shows erythema, ulcers, bleeding.

C. CMYV viral inclusions are both intranuclear (the typical owl’s
eye inclusion) and intracytoplasmic.

Treatment
A. Primary prophylaxis for CMV is no longer recommended.

B. 3-6 weeks of intravenous ganciclovir or foscarnet is recom-
mended with concomitant antiretroviral therapy. Oral val-
ganciclovir is also used when longer therapy is required.

Alternative Diagnosis: Giardia lamblia

Textbook Presentation

A patient with HIV complains of chronic diarrhea with malab-
sorption, flatulence, crampy abdominal pain, and weight loss.

Disease Highlights

A. Giardia is an extracellular flagellate protozoa that causes acute
or chronic diarrhea in individuals with advanced HIV.

B. It causes 1-3% of AIDS-associated chronic diarrhea in the
United States.

C. The presentation of chronic giardiasis in AIDS is similar to
what is seen in non—HIV-infected patients.

Evidence-Based Diagnosis

A. Stool ova and parasites times three with for example a
trichrome stain: 82% sensitive, > 99% specific

B. EIA: 89-99% sensitive, > 99% specific
C. DFA: 96-100% sensitive, > 99% specific

D. Esophagogastroduodenoscopy with biopsy of the distal duo-
denum or the jejunum is rarely required.
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Treatment
Metronidazole is effective.

CASE RESOLUTION

N

RMycobacterial blood cultures are negative. Trichrome
stain for microsporidia is negative. A stool modified acid-
fast stain is positive for acid-fast round 4-6 mcm cysts
consistent with C parvum.

REVIEW OF OTHER IMPORTANT DISEASES
Kaposi Sarcoma

Textbook Presentation

The rash is usually seen in HIV-positive MSM who have nodular,
nontender, pink to violaceous papules and nodules (Figure 5-11).

Disease Highlights
A. HHV 8 (Human herpes virus 8) associated with HIV causes

the angioproliferation seen in Kaposi sarcoma.

B. Most affected patients are MSM. Individual lesions are pink,

red, or purple, and nontender in most cases.
C. Lesions are found on the extremities, trunk, and face.

D. With decreasing CD4 T counts, the number of lesions
increases.

E. Skin involvement is almost always present in Kaposi sarcoma.

Figure 5-11. Kaposi sarcoma in an AIDS patient. (Reproduced,
with permission, from Wolfe K et al. Fitzpatrick's Dermatology
in General Medicine, 7th edition. McGraw-Hill, 2008.)

E. Extracutaneous involvement occurs: oral cavity, Gl tract,
lymph nodes, and lungs.

G. GI involvement is rather common (40%) but usually asymp-
tomatic. Occasionally, bleeding and perforation occur.

H. Pleuro-pulmonary involvement is common in advanced
Kaposi sarcoma.

1. Presentations of pulmonary Kaposi sarcoma include lung
nodules, infiltrates, dyspnea, pleural effusions, and respi-
ratory failure.

2. Patient survival is shortened.

I. The incidence of KS has decreased dramatically, only in part
due to the introduction of effective antiretrovirals. A change
in sexual behavior may also play a role.

Evidence-Based Diagnosis

A. Skin biopsy shows the typical angioproliferation with slit-like
vascular spaces and spindle cells.

B. Immunohistochemistry can detect HHV 8 in the endothelial
cells.

C. GI Kaposi sarcoma: endoscopy is clinically suggestive, but
the submucosal location of lesions makes tissue diagnosis

difficult.

D. Pulmonary Kaposi sarcoma: high-resolution chest CT sugges-
tive; bronchoscopy; thallium scan; open-lung biopsy.

Treatment

Effective HAART is highly effective in early Kaposi sarcoma, but
chemotherapy is required in pulmonary involvement.
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| have a patient with anemia.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT W

Mrs. A is a 46-year-old white woman who has had 2 months
of fatigue due to anemia.

W

What is the differential diagnhosis of anemia?
How would you frame the differential?

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

The framework for organizing the differential diagnosis of anemia
is a combination of pathophysiologic and morphologic. The first
step in determining the cause of an anemia is to determine the
general mechanism of the anemia, using a pathophysiologic
framework. Anemia is caused by 1 of 3 processes:

1. Acute or chronic blood less is clinically obvious. Chronic
blood loss leads to iron deficiency and consequent underpro-
duction.

2. Underproduction of RBCs by the bone marrow.

3. Increased destruction of RBCs, known as hemolysis.

After determining the general mechanism, the next step is to
determine the cause of the underproduction or increased destruc-
tion. (This chapter will not discuss the approach to acute blood
loss.) The framework for underproduction anemia is morphologic:

A. Microcytic anemias (mean corpuscular volume [MCV] < 80 mcm?)

1.
2.
3.

4.
5.

Iron deficiency
Thalassemia

Anemia of inflammation (formerly called anemia of
chronic disease)

Sideroblastic anemia

Lead exposure

B. Macrocytic anemias (MCV > 100 mcm?)

1.

Megaloblastic anemias (due to abnormalities in DNA syn-
thesis; hypersegmented neutrophils also occur)

a. Vitamin B, deficiency
b. Folate deficiency
c. Antimetabolite drugs, such as methotrexate or zidovudine

. Nonmegaloblastic anemias (no hypersegmented neutrophils)

a. Alcohol abuse
b. Liver disease
c. Hypothyroidism

100

C. Normocytic anemias

1. Anemia of inflammation
2. Early iron deficiency

3. Infiltration of bone marrow due to malignancy or

granulomas
4. RBC aplasia
a. Aplastic anemia

b. Suppression by parvovirus B19 or medications

The framework for hemolytic anemias is pathophysiologic:
A. Hereditary

1. Enzyme defects, such as pyruvate kinase or glucose-6-

phosphate dehydrogenase (G6PD) deficiency
2. Hemoglobinopathies, such as sickle cell anemia

3. RBC membrane abnormalities, such as spherocytosis

B. Acquired

1. Hypersplenism

2. Immune
a. Autoimmune: warm IgG, cold IgM, cold IgG
b. Drug induced: autoimmune or hapten

3. Traumatic
a. Impact

b. Macrovascular: shearing due to prosthetic valves

c. Microvascular: disseminated intravascular coagulation

(DIC), thrombotic thrombocytopenic purpura (TTP),

and hemolytic uremic syndrome (HUS)
4. Infections, such as malaria
5. Toxins, such as snake venom and aniline dyes
6. Paroxysmal nocturnal hemoglobinuria

Figure 6-1 outlines the approach to evaluating anemia caused by
underproduction and increased destruction of RBCs.

\

Mre. A has a past medical history of obesity, reflux,
depression, asthma, and arthritie. She comes to your
office complaining of feeling down with progressive fatigue
for the last 2 months. She has no chest pain, cough,
fever, weight loss, or edema. Her only Gl symptoms are
poor appetite and her usual reflux eymptoms; she has
had no vomiting, melena, or rectal bleeding. She still has
regular menses that are occasionally heavy. She brought

(Continued)



' MCV low

Anemia

/

Check WBC, platelet count, smear

Yes
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Pancytopenia?

No

Isolated anemia

Check
reticulocyte
production
index

Consider bone marrow process (ie, drugs,
malignant bone marrow infiltration, By,
deficiency, alcohol abuse, autoimmune
processes)

Increased
destruction

Underproduction

MCYV normal

¥ MCV high

Hereditary

Sickle cell, spherocytosis
Acquired

Hypersplenism

Autoimmune or drug-induced
Traumatic (mechanical valve,
TTP, DIC)

Infection, toxin

Y

Check Coombs; look for schistocytes
on smear

Microcytic anemias
Iron deficiency
Thalassemia
Inflammation
Sideroblastic anemia
Lead exposure

Normocytic anemias
Anemia of inflammation
Early iron deficiency
Bone marrow infiltration
RBC aplasia
Parvovirus infection

Macrocytic anemias

Megaloblastic

B, deficiency

Folic acid deficiency
Antimetabolites
Nonmegaloblastic
Alcohol

Liver disease
Hypothyroidism

Low

Y

Normal-high

\

Dx: Iron deficiency
Determine source

Check creatinine, Bys,
folate, TSH, consider
thalassemia

Check By», folate, TSH,
Alcohol and drug history

DIC, disseminated intravascular coagulation; MCV, mean corpuscular volume; TTP, thrombotic thrombocytopenic purpura.

Figure 6-1. Diagnostic approach: anemia.
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in her medication bottles, which include ranitidine,
sertraline, tramadol, cetirizine, and a fluticasone inhaler.
Her physical exam shows a depreseed affect, clear lungs,
a hormal cardiac exam, a nontender abdomen, guaiac-
negative stool, no edema, and no pallor.

W

A. Symptoms in chronic anemia are due to decreased oxygen
delivery to the tissues.

How reliable is the history and physical for
detecting anemia?

1. Fatigue is a common but not very specific symptom.
2. Dyspnea on exertion often occurs.

3. Exertional chest pain occurs most often in patients
with underlying coronary artery disease or severe anemia

or both.
4. Palpitations or tachycardia can occur.
5. Edema is sometimes seen.

a. Due to decreased renal blood flow leading to neuro-
hormonal activation and salt and water retention, sim-
ilar to that seen in congestive heart failure (CHF)

b. However, in contrast to the low cardiac output seen in
patients with CHE the cardiac output in patients with
anemia is high.

6. Mild anemia is often asymptomatic

B. Symptoms of hypovolemia occur only in acute anemia due to
large volume blood loss.

C. Conjunctival rim pallor

1. Present when the anterior rim of the inferior palpebral
conjunctiva is the same pale pink color as the deeper pos-
terior aspect, rather than the normal bright red color of
the anterior rim.

2. The presence of conjunctival rim pallor strongly suggests
the patient is anemic (LR+ 16.7).

3. However, the absence of pallor does not rule out anemia.
D. Palmar crease pallor has an LR+ of 7.9.

E. Pallor elsewhere (facial, nail bed) is not as useful, with
LR+ < 5.

E. No physical sign rules out anemia.

G. The overall sensitivity and specificity of the physical exam for
anemia is about 70%.

Order a CBC if patients have suggestive symptoms,
even without physical exam signs, or if you observe

conjunctival rim or palmar crease pallor.

\

Mrs. A's initial laboratory test results show a WBC of
7100/mcL, RBC of 3.6 million/mcl, Hgb of ©.7 g/dL,
Het of 23.3%, and MCV of 76 mcm3. A CBC 6 months
ago showed an Hgb of 12 g/dL, Het of 36%, and MCV of
&2 memd.

At this point, what is the leading hypothesis,

V what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnhosis, what tests should be
ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The first step is to determine the mechanism of Mrs. A’s anemia.
Mrs. A is not having any symptoms or signs of acute blood loss.
She does have pivotal symptoms suggestive of diseases associated
with chronic blood loss: reflux possibly causing esophagitis and
occasional menorrhagia. However, it is not possible to distinguish
underproduction from hemolysis based on the history. Although
the change in her CBC tells you a new process is going on, it also
does not distinguish between these 2 mechanisms.

Always look at previous CBC results to see if the
anemia is new, old, or progressive.

The best test to distinguish underproduction from hemolysis is
the reticulocyte count:

A. Low or normal reticulocyte counts are seen in underproduc-
tion anemias.

B. High reticulocyte counts occur when the bone marrow is
responding normally to blood loss, hemolysis, or replacement
of iron, vitamin B,,, or folate.

C. Reticulocyte measures include:

1. The reticulocyte count, which is the percentage of circu-
lating RBCs that are reticulocytes (normally 0.5-1.5%).

2. The absolute reticulocyte count, which is the number of retic-
ulocytes actually circulating, normally 25,000~75,000/mcL
(multiply the percentage of reticulocytes by the total num-
ber of RBC:s).

3. The reticulocyte production index (RPI)

a. Corrects the reticulocyte count for the degree of ane-
mia and for the prolonged peripheral maturation of
reticulocytes that occurs in anemia

(1) Normally, the first 3-3.5 days of reticulocyte mat-
uration occurs in the bone marrow and the last
24 hours in the peripheral blood.

(2) When the bone marrow is stimulated, reticulo-
cytes are released prematurely, leading to longer
maturation times in the periphery, and larger
numbers of reticulocytes present at any given time.

(3) For a Hct of 25%, the peripheral blood matura-
tion time is 2 days, and for a Het of 15%, it is
2.5 days; the value of 2 is generally used in the
RPI calculation.
b. pp - observed reticulocyte% x (Patient Hct/45)
peripheral blood maturation time in days

c. The normal RPI is about 1.0, with values = 2.0 indi-
cating an adequate bone marrow response.

The first step in evaluating anemia is checking a
reticulocyte count.



W

Mrs. A's reticulocyte count is 1.5%, which is an absolute
reticulocyte count of 54,000/mcl, and an RFI of 0.39.
Now that you have found that Mrs. A has an
‘ underproduction anemia, what is the leading
hypothesis, what are the active alternatives,
and is there a must not miss diagnosis?
Given this differential diagnosis, what tests
should be ordered?

Mrs. As MCV is 76 mcm?, so you should consider the differential
diagnosis for microcytic anemia. However, it is important to keep
in mind that the MCV is not specific and should not be used to
rule in or rule out a specific cause of anemia.

A. In one study, normal MCVs were found in 50% of patients
with abnormal serum vitamin B,,, folate, or iron studies.

1. 5% of patients with iron deficiency had high MCVs
2. 12% of patients with B, or folate deficiency had low MCVs
B. What about the rest of the CBC? Do the other indices help?

1. Other red cell indices (mean corpuscular hemoglobin
[MCH] and mean corpuscular hemoglobin concentration
[MCHC]) tend to trend with the MCV and are not par-
ticularly sensitive or specific.

2. The red cell distribution width (RDW) is also not sensi-
tive or specific in identifying the cause of an anemia.

Use the MCV to organize your thinking, not to
diagnose the cause of an anemia.

Despite this caveat about the MCV, in a patient with a microcytic
anemia and symptoms suggestive of possible chronic blood loss,
iron deficiency is by far the most likely cause, with a pretest prob-
ability of 80%. Therefore, the leading hypothesis for Mrs. A is
iron deficiency anemia. Anemia of inflammation, by virtue of
being common, is the best active alternative; to make this diagno-
sis, keep in mind that the patient must have an inflammatory con-
dition known to cause anemia. Sideroblastic anemia and lead
exposure are other hypotheses, and isolated thalassemia is
excluded by the recently normal CBC. Because the MCV lacks
specificity, the causes of normocytic and macrocytic anemia also
need to be kept in mind as other hypotheses. Table 6-1 lists the
differential diagnosis.

Leading Hypothesis: Iron Deficiency Anemia

Textbook Presentation

The most classic presentation would be a young, menstruating
woman who has fatigue and a craving for ice. Typical presenta-
tions include fatigue, dyspnea, and sometimes edema.

Disease Highlights
A. The CBC varies with the degree of severity of the iron deficiency.
1. In very early iron deficiency, the CBC is normal.

2. A mild anemia then develops, with an Hgb of 9-12 g/dL,
and normal or slightly hypochromic RBCs.
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Table 6-1. Diagnostic hypotheses for Mrs. A.

Diagnostic

Hypotheses Clinical Clues Important Tests

Leading Hypothesis

Iron deficiency Pica Serum ferritin
Blood loss (menorrhagia,
melena, hematochezia,

NSAID use)

Active Alternative—Most Common

Anemia of History of renal or liver Iron, TIBC, ferritin,
chronic disease, inflammation, creatinine,
inflammation infection transaminases,
ESR, CRP
Other Hypotheses
Thalassemia Ethnic background Hgb electrophoresis,
DNA testing
Lead poisoning Exposure to lead Lead level
B,, deficiency Diet B, level
Autoimmune diseases
Neurologic symptoms
Folate deficiency ~ Pregnancy Folate level

Sickle cell anemia
Alcohol abuse

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NSAID, nons-
teroidal antiinflammatory drug; TIBC, total iron-binding capacity.

3. As the iron deficiency progresses, the Hgb continues to
decrease, and hypochromia and microcytosis develop.

B. Causes of iron deficiency
1. Blood loss, most commonly menstrual or GI
2. Inadequate intake

a. Males need 1 mg/day (need to consume 15 mg/day;
absorption rate 6%).

b. Females need 1.4 mg/day (need to consume 11 mg/day;
absorption rate 12%).

c. Iron is more bioavailable from meat than vegetables.

3. Malabsorption, seen in patients with gastrectomy, some
bariatric surgery procedures, celiac sprue, or inflammatory

bowel disease (IBD)

4. Increased demand, seen with pregnancy, infancy, adoles-
cence, erythropoietin therapy

Evidence-Based Diagnosis
A. Bone marrow exam for absence of iron stores is the gold stan-

dard.
B. The serum ferritin is the best serum test.

1. The LR+ for a decreased serum ferritin is very high, with
reports ranging from LR+ of 51 for a ferritin < 15 ng/mL
to a LR+ of 25.5 for a ferritin < 32 ng/mL.

2. Thus, a low ferritin rules in iron deficiency anemia.

3. In general populations, the LR— for a serum ferritin > 100 ng/
mlL is very low (0.08).
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4. Thus, in general populations, a ferritin > 100 ng/mL greatly

5.

reduces the probability the patient has iron deficiency.

However, because ferritin is an acute phase reactant that
increases in inflammatory states, interpreting it in the
presence of such illnesses is difficult.

a. There is a wide range of reported LRs, with many stud-

ies finding ferritin is 7ot helpful in diagnosing iron
deficiency in the presence of chronic illness.

b. The level at which the serum ferritin suggests iron defi-
ciency is probably much higher in patents with
chronic illness, but the level may vary depending on
the underlying illness.

6. Thus, the ferritin level cannot be used to absolutely rule in
or rule out iron deficiency anemia in patients with chronic
inflammatory diseases.

C. Other tests

1. The MCV, the transferrin saturation (serum iron/iron-
binding capacity {Fe/TIBC}), red cell protoporphyrin, red
cell ferritin, and RDW all are less sensitive and specific
than ferritin.

2. The best of these is transferrin saturation < 5%, with a
LR+ of 10.46.

In patients without chronic inflammatory diseases,
the serum ferritin is the best single test to diagnose
iron deficiency anemia.

Treatment

A. Iron deficiency anemia is generally treated with oral iron replace-
ment, with IV iron therapy reserved for patients who demon-
strate malabsorption or who are unable to tolerate oral iron.

B. Transfusion is necessary only if the patient is hypotensive;
orthostatic; actively bleeding; or has angina, dizziness, syn-
cope, or severe dyspnea or fatigue.

C. The best-absorbed oral iron is ferrous sulfate; the dose is
325 mg 3 times daily.

D. There are significant GI side effects including nausea, abdom-
inal pain, and constipation; these can be reduced by taking
the iron with food, and slowly titrating the dose from 1 tablet
daily to 3 tablets daily over 1 to 2 weeks.

E. There should be an increase in reticulocytes 7-10 days after
starting therapy, and an increase in Hgb and Hct by 30 days;
if there is no response, reconsider the diagnosis.

E It is necessary to take iron for 6 months in order to replete
iron stores.

MAKING A DIAGNOSIS

%

Since Mrs. A does not have any chronic, inflammatory dis-
eases, the most useful test at this point is a serum ferritin,
Serum iron and TIBC are often ordered simultaneously but
are not necessary at this point.

You review the history, looking for symptoms of bleed-
ing or chronic illness. She has no renal or liver disease and
no eymptoms of infection. Her ethnic background is
Scandinavian, making thalassemia unlikely. You order a
serum ferritin, which is 5 ng/mL.

CASE RESOLUTION

B.

\

With a pretest probability of 80% and an LR+ of 51 for
this level of ferritin, Mrs. A is clearly iron deficient. It is
not necessary to test for any other causes of anemia,
but it is hecessary to determine why she is iron deficient.

Always identify the source of blood loss in iron defi-
ciency anemia. Be alert for occult malignancies.

Iron deficiency is almost always due to chronic blood loss and
rarely due to poor iron intake or malabsorption of iron; menstrual
and GI blood loss are the most common sources. Because GI
blood loss can be occult, many patients need GI evaluations.

A. Who needs a GI work-up?

1.

2.

All men, all women without menorrhagia, and women
over age 50 even with menorrhagia.

Women under age 50 with menorrhagia do not need fur-
ther GI evaluation, unless they have GI symptoms or a fam-
ily history of early colon cancer or adenomatous polyps.

. Always ask carefully about minimal GI symptoms in

young women, since celiac sprue often causes iron defi-
ciency due to malabsorption, and the symptoms can easily
be attributed to irritable bowel syndrome.

Which GI test should be done first?

1.

»

In the absence of symptoms or in the presence of lower GI
symptoms, do a colonoscopy first.

. If there are upper GI symptoms, do an esophagogastro-

duodenoscopy (EGD) first.

. If the first test is negative, the other one must be done.

. Small bowel imaging rarely finds important lesions in patients

with normal upper and lower endoscopies and often can be
omitted. However, in patients with evidence of persistent or
recurrent bleeding, small bowel imaging is indicated. Imaging
techniques are discussed in Chapter 17, GI Bleeding.

. Clinicians are sometimes unsure whether a colonoscopy

is necessary when the EGD shows a definitive bleeding
source. Finding colonic lesions in such cases is rare, and
colonoscopy can be reserved for symptomatic patients
or those who need routine colorectal cancer screening.

\

It is unclear from Mrs. A's history whether the menorrha-
gia is sufficient to cause this degree of iron deficiency
anemia. In addition, she has the upper Gl symptoms of
anorexia and reflux. Therefore, you order an EGD, which
shows severe reflux esophagitis and also gastritis. Fur-
ther history reveals she has been using several hundred
milligrams of ibuprofen daily for several weeks because of
a back strain. The severe esophagitic and gastritis are
sufficient to explain her anemia, and she has no lower Gl
symptoms or family history of colorectal cancer. The
work-up is complete.



FOLLOW-UP OF MRS. A

\

Mre. A stopped the ibuprofen, substituted a proton
pump inhibitor for the H,-blocker, and completed © months
of iron therapy. She felt fine. A follow-up CBC showed an
Hgb of 13 g/dL, an Hct of 39%, and a significantly ele-
vated MCV of 122 mcm?.

what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

V At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Although Mrs. A is not anemic now, she has a marked macrocy-
tosis. The approach to isolated macrocytosis is the same as the
approach to macrocytic anemia. The degree of macrocytosis is not
a reliable predictor of the cause, but in general, the higher the
MCV, the more likely the patient has a vitamin B, or folate defi-
ciency. The pretest probability of vitamin deficiency with an
MCV of 115-129 mcm? is 50%, and nearly all patients with an
MCV > 130 mcm? will have a vitamin deficiency.

Since B, deficiency is seen more often than folate deficiency in
otherwise healthy people, that is the leading hypothesis, with
folate deficiency being the active alternative. Use of antimetabolite
drugs is excluded by history. Causes of nonmegaloblastic anemias
need to be considered next. Hypothyroidism would be the most
likely other hypothesis, with liver disease and alcohol abuse less
likely based on her lack of a previous history of either. Table 6-2
lists the differential diagnosis.

Table 6-2. Diagnostic hypotheses for Mrs. A's follow-up.

Diagnostic
Hypotheses Clinical Clues Important Tests
Leading Hypothesis
B,, deficiency Vegan diet B,, level
Other autoimmune Homocysteine
diseases level
Elderly Methylmalonic

Neurologic symptoms acid level (MMA)

Active Alternative—Most common and Must Not Miss

Folate deficiency Alcohol abuse Serum folate level

Starvation RBC folate level
Pregnancy Homocysteine level
Sickle cell anemia

Other Hypothesis

Hypothyroidism Constipation TSH
Weight gain Free thyroxine

Fatigue index
Cold intolerance
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Leading Hypothesis: B,, Deficiency

Textbook Presentation

The classic presentation is an elderly woman with marked anemia and
neurologic symptoms such as paresthesias, sensory loss (especially
vibration and position), ataxia, dementia, and psychiatric symptoms.

Disease Highlights

A. It takes years to develop this deficiency because of extensive
stores of vitamin By, in the liver.

B. Anemia and macrocytosis are not always present.

1. In 1 study, 28% of patients with neurologic symptoms due
to B, deficiency had no anemia or macrocytosis.

2. In another study, the following clinical characteristics were
found in patients with B, deficiency:

a. 33% white, 41% black, 25% Latino
28% not anemic
17% normal MCV

17% leukopenia, 35% thrombocytopenia, 12.5% pan-
cytopenia

&0 &

e. 36% neuropsychiatric symptoms

v The CBC can be normal in B, deficiency.

C. B,, absorption requires normal gastric and intestinal func-
tion.

1. Dietary B, is protein bound and is released by acid pep-
tic digestion in the stomach.

2. Although intrinsic factor is made by the parietal cells of
the gastric body and fundus, it does not bind to B, until
both reach the jejunum.

3. The B, -intrinsic factor complex binds to receptors in the
terminal ileum, where B,, is absorbed.

D. The most common causes of B, deficiency are food cobal-
amin malabsorption, lack of intrinsic factor, and dietary defi-
ciency.

1. Dietary deficiency is rare unless the patient follows a vegan
diet.

2. Food cobalamin malabsorption occurs when By, is not
released from food proteins due to impaired acid peptic
digestion.

a. The B, deficiency in this condition is often subclinical.

b. Itis caused by atrophic gastritis and achlorhydria, which
can be seen with chronic Helicobacter pylori infection,
gastric surgery, and long-term use of acid suppressing
drugs.

3. Lack of intrinsic factor is caused by gastrectomy (all patients
with total gastrectomy and 5% of patients with partial gastrec-
tomy will become B, deficient) or pernicious anemia (PA).
a. PA is an immunologically mediated gastric atrophy

leading to loss of parietal cells and a marked reduction
in secretion of intrinsic factor.

b. It is uncommon before age 30 and most often seen in
patients over age 50.

c. 25% of patients have a family history of PA and 10%
have autoimmune thyroid disease.
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E. B, deficiency can also be caused by malabsorption in the ter-
minal ileum due to

1. Ileal resection or bypass
2. Tropical sprue

3. Crohn disease

4. Blind loop syndrome

F. Sometimes drugs interfere with B,, absorption, most notably
metformin, colchicine, ethanol, and neomycin.

G. Malabsorption may rarely be due to congenital disorders,
such as transcobalamin II deficiency.

Evidence-Based Diagnosis

A. Determining whether a patient is B, deficient is more com-
plicated than it seems.

1. B, levels can be falsely low in folate deficiency, pregnancy,
and oral contraceptive use.

2. By, levels can be falsely normal in myeloproliferative dis-
orders, liver disease, and bacterial overgrowth syndromes.

3. The sensitivity and specificity of B, levels for true defi-
ciency are not well established; the sensitivity is estimated
at 95%, and the specificity at 85%.

B. B, isa cofactor in the conversion of homocysteine to methio-
nine, and of methmalonyl CoA (MMA) to succinyl CoA.

1. Consequently, in B, deficiency, the levels of homocys-
teine and MMA increase.

2. Therefore, another way to diagnosis B, deficiency is to
measure homocysteine and MMA levels.

a. In addition to B, deficiency, MMA can be elevated in
renal insufficiency and hypovolemia.

b. Homocysteine can be elevated in folate or pyridoxine
deficiency, renal insufficiency, hypovolemia, and
hypothyroidism.

c. The sensitivity of MMA for the diagnosis of B,, deficiency
ranges from 86% to 98%. The sensitivity of homocys-
teine ranges from 85% to 96%. An elevated MMA is
highly specific for B, deficiency in the absence of renal
insufficiency; elevated homocysteine is less specific.

C. Response to therapy is another way to establish the presence
of B, deficiency.

1. MMA and homocysteine normalize 7-14 days after the
start of replacement therapy.

2. Figure 6-2 shows the response to a single IM injection of
100 mcg cobalamin on day 0 in a patient with PA.

D. An algorithm for diagnosing B, deficiency is the following:
1. B}, level < 100 pg/mL, deficiency present

2. By, level 100-300 pg/mL, check MMA and homocysteine
levels

a. If both normal, deficiency unlikely

b. If both elevated, deficiency present

c. If MMA alone elevated, deficiency present

d. If homocysteine alone elevated, possible deficiency
3. B,, > 300 pg/mL, deficiency unlikely

v Very low or very high B, levels are usually diagnostic.
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Figure 6-2. Response to B,, therapy.

Treatment
A. IM cobalamin, 1000 mcg weekly for 6-8 weeks, and then

monthly for life

B. Can also use oral cobalamin, 1000-2000 mcg daily

1. Oral cobalamin is absorbed by a second, nonintrinsic fac-
tor dependent mechanism that is relatively inefficient.

2. Compliance can be a problem.

3. DPatients with dietary deficiency and food cobalamin mal-
absorption can be treated with lower doses of oral B,.

C. Sublingual and intranasal formulations are available but have

not been extensively studied.

MAKING A DIAGNOSIS

\

Mrs. A's By, level is 21 pg/mL, with a serum folate of
8.0 ng/mL.

Have you crossed a diagnostic threshold for
V the leading hypothesis, By, deficiency? Have
¥ you ruled out the active alternatives? Do

other tests need to be done to exclude the
alternative diagnoses?

Alternative Diagnosis: Folate Deficiency

Textbook Presentation

The classic presentation is an alcoholic patient with malnutrition
and anemia.

Disease Highlights

A. Anemia and macrocytosis are the most common manifesta-

tions; neurologic symptoms are rare.

B. Most often caused by inadequate intake (especially in alco-

holic patients) or increased demand due to pregnancy,
chronic hemolysis, leukemia.



C.

D.

E.

Since absorption occurs in jejunum, malabsorption is rare in
the absence of short bowel syndrome or bacterial overgrowth
syndromes.

Some drugs can cause folate deficiency, including methotrex-
ate, phenytoin, sulfasalazine, and alcohol.

Along with B,, folate is a cofactor for the conversion of
homocysteine to methionine, so homocysteine levels increase
in folate deficiency.

Evidence-Based Diagnosis

A. The sensitivity and specificity of serum folate measurements

B.

for the diagnosis of folate deficiency are not clear.

Levels can decrease within a few days of dietary folate restric-
tion, or with alcohol use, even though tissue stores can be
normal; levels increase with feeding.

. RBC folate, which reflects folate status over the previous 3

months, correlates more strongly with megaloblastic changes
than does serum folate; however, the sensitivity and specificity
of RBC folate for the diagnosis of true deficiency are both low
(about 70% each).

. Elevated homocysteine is about 80% sensitive for the diagno-

sis of folate deficiency; the specificity is unknown.

. A positive response to therapy is diagnostic.

1. Never treat folate deficiency without determining whether
the patient is B}, deficient.

2. Folate replacement can correct hematologic abnormalities
while worsening the neurologic symptoms specific to B,
deficiency.

. A patient with a normal serum folate, normal RBC folate,

and no response to folate replacement does not have folate
deficiency.

Treatment

A. In patients with an acute deficiency, treat with 1 mg of folic

C.

acid daily for 1-4 months, or until there is complete hemato-
logic recovery.

Patients with chronically increased demand, such as those
with sickle cell anemia, should take 1 mg of folic acid daily
indefinitely.

Women who are trying to conceive should take 800 mcg/day
or a prenatal vitamin (contains 1 mg folic acid); pregnant
women should take a prenatal vitamin.
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Always check for B, deficiency in a patient with
folate deficiency.

CASE RESOLUTION

\

Mrs. A's B, level is diagnostic of B, deficiency. She has
ho conditions associated with folate deficiency, so even
though the test characteristics of the serum folate are
unclear, in this case the normal level is sufficient to rule
out folate deficiency.

The next step is to determine the cause of the B, deficiency; in most

cases, this means figuring out where the malabsorption is occurring.
A. The malabsorption is in the stomach if:

1. The patient has had a gastrectomy or gastric bypass
2. The patient has detectable anti-intrinsic factor antibody

a. Found in about 50-80% of patients with PA. The pres-
ence of anti-intrinsic factor antibody rules in PA; the
absence does not rule out PA.

b. Antiparietal cell antibodies are found in about 85% of
patients with PA, but also in patients with other
autoimmune endocrinopathies and up to 10% of nor-
mal patients. The presence of antiparietal cell antibod-
ies does not rule in PA.

B. The malabsorption is in the ileum in patients with small

bowel diseases.
It is not always possible to determine the site of
malabsorption, and it is acceptable to treat such
patients empirically with B, replacement.

\

Mre. A's intrinsic factor antibody was positive. This is a
highly specific finding and is diagnostic of By, deficiency
due to FA. Mrs. A began receiving B,, injections, and a
follow-up CBC 4 months later was entirely normal.

CHIEF COMPLAINT

PATIENT W

Mrs. L is a 70-year-old woman with a history of equa-
mous cell carcinoma of the larynx, successfully treated
with surgery and radiation therapy 10 years ago. She has
a tracheostomy and a jejunostomy tube. One week ago,
she fell and fractured her right humeral head. On routine
preoperative laboratory teste, her CBC was unexpectedly

abnormal: WBC 11,100/mcL (65% polymorphonuclear
leukocytes, 127% bands, 4% monocytes, 19% lymphocytes),
Hgb &.4 g/dL, Het 26.5%, MCY &5 mcm?. One month ago,
her Hgb was 12.0 g/dL, with a normal WBC.
At this point, what is the leading hypothesis,
‘ what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?
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PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The relatively acute drop in Hct is a pivotal point that suggests
either bleeding or hemolysis; these are also the “must not miss”
diagnoses. The usual causes of normocytic anemia need to be con-
sidered next. Anemia of inflammation, previous called anemia of
chronic disease, is a common cause of normocytic anemia, with
bone marrow infiltration and RBC aplasia being less common.
You would also include causes of macrocytic anemia in your list of
other hypotheses, especially folate deficiency since it can develop
fairly rapidly. Table 6-3 lists the differential diagnosis.

o/

She has felt feverish, with a cough productive of brown
sputum. She has had no nausea or vomiting, no melena,
and no hematochezia. She has been postmenopausal for

Table 6-3. Diagnostic hypotheses for Mrs. L.

Diagnostic

Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Acute bleeding Melena History

Hematochezia
Hematemesis
Menorrhagia

Rectal exam for
gross blood or
positive guaiac test

Hemolysis

Fatigue

Reticulocyte count
Haptoglobin
Smear for schistocytes

Active Alternative—Must Not Miss

Iron deficiency

Gl bleeding
Pica
Menorrhagia

Ferritin

Hemolysis

Fatigue

Reticulocyte count
Haptoglobin
Smear for schistocytes

Active Alternative—Most Common

Anemia of
inflammation

Acute infection
Acute renal failure
Chronic
inflammatory
diseases

Fe/TIBC
Ferritin
Bone marrow

Other Alternatives

Marrow Pancytopenia Bone marrow
infiltration Bleeding

Malaise
RBC aplasia Drug exposure History

Viral symptoms

Bone marrow

Folate deficiency

Diet

Alcohol abuse
Pregnancy

Sickle cell anemia

Serum or RBC folate
Bone marrow

Fe/TIBC, serum iron/total iron-binding capacity.

a long time and has had no vaginal bleeding. The orthope-
dic surgeon confirms it is unlikely that she has signifi-
cant bleeding at the fracture site. Her rectal exam shows
brown, hemoccult-negative stool. Her chest radiograph
shows a new left lower lobe pneumonia.

W

MAKING A DIAGNOSIS

Is the clinical information sufficient to make
a diagnosis? If not, what other information
do you need?

o/

Further laboratory testing shows a reticulocyte count of
14% (RFI = 0.8), consistent with an underproduction
anemia and not hemolysis. Her serum ferritin is 200 ng/mL,
substantially reducing the likelihood that she is iron
deficient.

Have you crossed a diagnostic threshold for
V the leading hypotheses, iron deficiency and
\ 4 hemolysis? Have you ruled out the active

alternatives? Do other tests need to be done
to exclude the alternative diagnoses?

Alternative Diagnosis: Anemia
of Inflammation

Textbook Presentation

Because there is such a broad spectrum of underlying causes, there
is no classic presentation of anemia of inflammation. It is most
often discovered on a routine CBC that shows a normochromic,
normocytic anemia, with a Hgb in the range of 8.5-9.5 g/dL.

Disease Highlights

A. Occurs in patients with acute or chronic immune activation

B. Cytokines (interferons, interleukins, tumor necrosis factor
[TNEF]) induce changes in iron homeostasis.

1. Dysregulation of iron homeostasis

a. Increased uptake and retention of iron in reticuloen-
dothelial system cells

b. Limited availability of iron for erythropoiesis

2. Impaired proliferation and differentiation of erythroid
progenitor cells

3. Blunted erythropoietin response

a. Production of erythropoietin inadequate for degree of
anemia

b. Progenitor cells do not respond normally

4. Increased erythrophagocytosis leads to decreased RBC
half-life

C. Underlying causes of anemia of inflammation include
1. Chronic kidney disease



a. In patients with end-stage renal disease who undergo
dialysis, the anemia is due to lack of erythropoietin and
marked inflammation.

b. In patients with lesser degrees of chronic kidney dis-
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3. Erythropoietin levels will be low in renal insufficiency and

not appropriately elevated for the degree of anemia in
inflammatory conditions; interpretation is difficult and
measurement of the erythropoietin level is generally not

ease, the anemia is caused primarily by lack of erythro-
poietin and antiproliferative effects of uremic toxins.

2. Autoimmune diseases, such as systemic lupus erythe-
matosus (SLE), rheumatoid arthritis, vasculitis, sarcoido-
sis, and IBD

3. Acute infections caused by viruses, bacteria, fungi, or
parasites

a. Can occur within 24—48 hours in acute bacterial infec-
tions, with Hgb usually in the 10-12 g/dL range

b. Occurs in as many as 90% of ICU patients, accompa-
nied by inappropriately mild elevations of serum ery-
thropoietin levels and blunted bone marrow response
to endogenous erythropoietin

4. Chronic infections caused by viruses, bacteria, fungi, or
parasites
5. Cancer, either hematologic or solid tumor
D. Noninflammatory chronic anemias also occur.
1. Endocrinopathies, such as Addison disease, thyroid dis-
ease, panhypopituitarism can lead to mild chronic anemia.

2. Liver disease can cause anemia.

Evidence-Based Diagnosis

A. There is no 1 test that proves or disproves a patient’s anemia
is from anemia of inflammation.

B. Instead, there are several diagnostic tests that can possibly be
done, sometimes simultaneously and sometimes sequentially.

A Hgb of less than 8 g/dL suggests there is a sec-
ond cause for the anemia, beyond the anemia of
inflammation.

1. Even in the presence of a disease known to cause anemia,
it is important to rule out iron, B,,, and folate deficiencies.

2. As discussed above, it can be difficult to interpret iron
studies in the presence of inflammatory diseases; however,
the typical pattern in anemia of inflammation is a low
serum iron, low iron-binding capacity, normal percent sat-
uration, and elevated serum ferritin.

CHIEF COMPLAINT

PATIENT W

Mr. J is a 77-year-old African American man with a his-
tory of an aortic valve replacement about 2 years ago. He
brought in results of teste done at another hospital:
Hgb, 9.0 g/dL; Het, 27.4%; MCV, 90 mcm?; reticulocyte
count, ©%; serum ferritin, 110 ng/mL; B, 416 pg/mL;
folate 20.0 ng/mL. The RFl is 1.5.

useful diagnostically.

4. Pancytopenia suggests there is bone marrow infiltration or

a disease that suppresses production of all cell lines.

When you see pancytopenia, think about bone
marrow infiltration, B,, deficiency, viral infection,

drug toxicity, or acute alcohol intoxication.

5. Bone marrow examination is necessary to establish the
diagnosis when pancytopenia is present, serum tests are
not diagnostic, the anemia progresses, or there is not an

appropriate response to empiric therapy.

Treatment
A. Treat the underlying chronic disease, if possible.

B. Indications for erythropoietin therapy and appropriate target
Hgb levels are evolving; iron should be given to all patients

being treated with erythropoietin.

CASE RESOLUTION

o/

Mrs. L has normal liver function tests and a normal creati-
hine. Her By, level is 400 pg/mL, and her serum folate is
10.0 ng/mL. Her iron studies show a serum iron of 25 mecg/dL,
with a TIBC of 140 mcgl/dL (% saturation = 16%).

Mrs. L has a very low RFI, ruling out hemolysis. She
has no signs of bleeding, and iron studies consistent with
an anemia of inflammation. In addition, she has no pan-
cytopenia to suggest bone marrow infiltration or diffuse
marrow suppression, and no evidence of vitamin defi-
ciency. She has a disease (acute bacterial pneumonia)
known to be associated with acute anemia of inflamma-
tion. Thus, the diagnosis is acute anemia of inflamma-
tion. Her pneumonia is treated with oral antibiotics, and
her CBC is normal when checked © weeks later.

what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

‘ At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The leading hypothesis is hemolysis because of the elevated retic-
ulocyte count. Considering the normal ferritin and vitamin levels,
the pretest probability of hemolysis is high. The only potential
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Table 6-4. Diagnostic hypotheses for Mr. J.

Diagnostic

Hypotheses Clinical Clues Important Tests

Leading Hypothesis

Mechanical valve
Known hereditary

Hemolysis Reticulocyte count

Haptoglobin

condition Indirect bilirubin
Family history Lactate dehydrogenase
of anemia Examination of

Sepsis peripheral smear

Fever

Active Alternative—Must Not Miss

Hematemesis
Melena
Hematochezia
Vaginal bleeding
Abdominal pain

Active bleeding

active alternative would be active bleeding, since an elevated retic-
ulocyte count also occurs then; however, that would be clinically
obvious. All other causes of anemia are alternative diagnoses to be
considered only if the diagnosis of hemolysis is not supported by
further testing. Table 6-4 lists the differential diagnosis.

&/

Mr. J has ho history of hematemesis, melena, hema-
tochezia, or abdominal pain. His abdominal exam is nor-
mal, and rectal exam shows brown, hemoccult-negative
stool.

Is the clinical information sufficient to make
‘ a diagnosis? If not, what other information
do you need?

Leading Hypothesis: Hemolysis

Textbook Presentation

The presentation of hemolysis depends on the cause. Patients can
be asymptomatic or critically ill.

Evidence-Based Diagnosis

A. During hemolysis, RBC products are released into the circu-
lation, and their presence (or the absence of proteins that bind
them) can be measured to support the diagnosis of hemolysis.

1. In the setting of impact, macrovascular or microvascular
trauma, and some complement-induced lysis, RBCs are
destroyed in the intravascular space.

a. Damaged but incompletely hemolyzed cells are
destroyed in the spleen.

b. Completely destroyed cells release free Hgb into the
plasma, which then binds to haptoglobin, reducing
the plasma haptoglobin level.

c. Some Hgb is lysed intravascularly and then is filtered
by the glomerulus, causing hemoglobinuria.

d. Some filtered Hgb is taken up by renal tubular cells,
stored as hemosiderin, and hemosiderinuria occurs
about a week later, when the tubular cells are sloughed
into the urine.

2. Deformed RBCs and those coated with complement are
usually destroyed in the extravascular space, in the liver,
or in the spleen.

a. Most of the Hgb is degraded into biliverdin, iron, and
carbon monoxide.

b. Biliverdin is converted to unconjugated bilirubin and
released into the plasma, increasing the unconjugated
bilirubin level.

3. Some free Hgb is released, which then binds to haptoglo-
bin, again reducing the plasma haptoglobin level.
B. So, what abnormalities would you expect to see during active
hemolysis?
1. The reticulocyte count should be above 4-5%j in 1 study
of autoimmune hemolytic anemia, the median was 9%.
2. The serum haptoglobin should be < 25 mg/dL.
a. Sensitivity = 83%, specificity = 96% for hemolysis;
LR+=21, LR-=0.18
b. Haptoglobin is an acute phase reactant.
3. The lactate dehydrogenase (LDH) might be increased
(sensitivity and specificity unknown).
a. Finding an increased LDH and a decreased haptoglo-
bin is 90% specific for the diagnosis of hemolysis.

b. Finding a normal LDH @nd a normal serum haptoglo-
bin (> 25 mg/dL) is 92% sensitive for the absence of
hemolysis.

4. The unconjugated bilirubin may be increased (sensitivity
and specificity unknown).

5. Plasma and urine Hgb should be elevated if the hemolysis
is intravascular (sensitivity and specificity unknown).

Treatment

Treatment depends on the underlying cause. In an autoimmune
condition, immunosuppressive therapy, especially prednisone, is
used. If hemolysis is associated with TTP and HUS, the treatment
is plasmapheresis and immunosuppressives.

MAKING A DIAGNOSIS

o/

Mr. J's serum haptoglobin is < 20 mg/dL, his serum biliru-
bin is normal, and his LDH is elevated at 359 units/L.

Have you crossed a diagnostic threshold for
‘ the leading hypothesis, hemolysis? Have you
v ruled out the active alternatives? Do other

tests need to be done to exclude the alter-
native diaghoses?

The combination of the high pretest probability and the large LR+
for this level of haptoglobin confirms the diagnosis of hemolysis.



Active bleeding has been ruled out by history and physical exam.
At this point, any further testing should be aimed at determining
the cause of the hemolysis. It is helpful to ask a series of questions
to direct your search for the cause of a hemolytic anemia:

A. Does the patient have splenomegaly? The spleen is 1 of the

major sites of extravascular hemolysis.
B. Is the direct antiglobulin (Coombs) test positive?
1. Seen in autoimmune hemolytic anemias

2. The Coombs test detects antibody or complement on the

surface of the RBC
a. The patients RBCs are washed free of adherent pro-

teins.

b. They are reacted with antiserum containing anti-IgG

and and-C3.
c. IfIgG and/or C3 are present on the RBC, there will be

agglutination.

d. Over 99% of patients with warm antibody autoim-
mune hemolytic anemia will have a positive direct
Coombs test.

3. The indirect Coombs test detects antibodies to RBC anti-
gens in the patient’s serum and is sometimes positive in
drug-induced hemolytic anemias.

a. The patient’s serum is incubated with normal RBCs.

b. If the serum contains cold (IgM) antibodies, there will
be agglutination.

c. Otherwise, anti-IgG is added; if the serum contains
IgG, there will be agglutination.

C. Is there concomitant thrombocytopenia and coagulopathy?
This is seen in DIC.

D. Is there concomitant thrombocytopenia, renal insufficiency,
or neurologic symptoms? This is seen in TTP and HUS.

E. Are there schistocytes on the peripheral smear? This is seen in
traumatic hemolysis, both macrovascular and microvascular.

F. Has the patient been exposed to an infection, drug, or toxin
known to cause hemolysis?

G. Does the patient have a mechanical valve or a disease known
to be associated with hemolytic anemia?

CASE RESOLUTION

o/

His WBC and platelet count as well as his renal function
are all normal; the Coombs test is hegative. He does have
a few sechistocytes on his peripheral smear. He has hemol-
ysis due to his mechanical valve. Since he is asympto-
matic, it is hot necessary to consider removal of the valve.

REVIEW OF OTHER IMPORTANT DISEASES
Sickle Cell Anemia

Textbook Presentation

Sickle cell anemia is often identified at birth through screening.

Adult patients generally seek medical attention for pain or some of
the complications (see below). Occasionally, patients have very
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mild disease, and sickle cell is diagnosed late in life when evi-
dence of a specific complication, such as sickle cell retinopathy, is

identified.

Disease Highlights
A. Epidemiology and prognosis
1. Gene frequency for sickle cell or thalassemia is 0.17% of
non-Hispanic white births.

2. In African Americans, the gene frequency of Hgb S is 4%,
of Hgb C is 1.5%, and of B-thalassemia is 4%.

. Median age at death is 42 for men and 48 for women.

W

4. Risk factors for earlier mortality include lower Hgb F lev-
els, episodes of acute chest syndrome, more frequent pain

crises, and possibly higher WBC.
B. Clinical manifestations of sickle cell anemia
1. Hematologic
a. Hct usually 20-30%, with reticulocyte count of 3—15%
b. MCV usually high normal or high

c. Unconjugated hyperbilirubinemia, elevated LDH, and
low haptoglobin are present.

d. Hgb F level usually slightly elevated.
e. WBC and platelet count usually elevated.

f. Hypercoagulability: due to high levels of thrombin, low
levels of protein C and S, abnormal activation of fibri-
nolysis and platelets

2. Pulmonary
a. Acute chest syndrome

(1) Defined as a new pulmonary infiltrate accompanied
by fever and a combination of respiratory symp-
toms, including cough, tachypnea, and chest pain

(2) Most common cause of death in sickle cell patients
(3) Clinical manifestations in adults (Table 6-5)

(@) About 50% of patients in whom acute chest
syndrome develops are admitted for another
reason.

(b) Over 80% have concomitant pain crises.
() Up to 25% require mechanical ventilation.
(4) Edology

(a) Fat embolism (from infarction of long bones),
with or without infection in 12%

(b) Infection in 27%, with 8% due to bacteria,
5% mycoplasma, and 9% chlamydia

(c) Infarction in about 10%

(d) Hypoventilation and atelectasis due to pain
and analgesia may play a role, as might fluid
overload

(e) Unknown in about 50% of patients
(5) General principles of management
(@) Supplemental oxygen

(b) Empiric treatment with a macrolide and a
cephalosporin

(c) Incentive spirometry (can be preventive)
(d) Bronchodilators for patients with reactive
airways

(e) Transfusion
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Table 6-5. Clinical manifestations of acute chest

syndrome in adults.

Symptom or Sign Frequency (%)
Fever 70
Cough 54
Chest pain 55
Tachypnea 39
Shortness of breath 58
Limb pain 59
Abdominal pain 29
Rib or sternal pain 30
Respiratory rate > 30 breaths per minute 38
Crackles 81
Wheezing 16
Effusion 27
Mean temperature 38.8°C

b. Sickle cell chronic lung disease
(1) 35-60% of patients with sickle cell disease have

reactive airways.

(2) About 20% have restrictive lung disease, and
another 20% have mixed obstructive/restrictive
abnormalities.

(3) Up to 40% have pulmonary hypertension.

(4) The relative risk of death in sickle cell patients with
pulmonary hypertension, compared with those
with normal pulmonary pressures, is 10.

3. Genitourinary

a. Renal

(1) Inability to concentrate urine (hyposthenuria), with
maximum urinary osmolality of 400450 mOsm/kg

(2) Type 4 renal tubular acidosis
(3) Hematuria

(@) Usually secondary to papillary necrosis

(b) Renal medullary carcinoma has been reported.
(4) Proteinuria

(@) Seen in 20-30% of patients with sickle cell
disease; about 4% have nephrotic syndrome.

(b) Progresses to chronic renal failure in about 5%
of patients

() ACE inhibitors reduce proteinuria.
b. Priapism
(1) 30-40% of adult males with sickle cell disease
report at least 1 episode.
(2) Bimodal peak incidences in ages 5-13 and 21-29.

(3) 75% of episodes occur during sleep; the mean
duration is 125 minutes.

4.

(4) Treatment approaches include hydration, analgesia,
transfusion, and injection of 0-adrenergic drugs.

Neurologic

a. Highest incidence of first infarction is between the ages
of 2 and 5, followed by another peak in incidence

between the ages of 35 and 45.

b. Hemorrhagic stroke can also occur.

(]

. Recurrent infarction occurs in 67% of patients.

d. Silent infarction is common (seen in 18-23% of
patients by age 14); cognitive deficits also common.

e. Patients over 2 years of age should undergo annual
transcranial Doppler (TCD) screening to assess
stroke risk.

(1) Patients with elevated TCD velocities (> 200 cm/s)
are at high risk.

(2) Regular transfusions reduced the risk of stroke in
such patients by 90% (10% stroke rate in control
group, 1% in treatment group, number needed to

treat (NNT) = 11).
Musculoskeletal

a. Bones and joints often the sites of vaso-occlusive
episodes.

b. Avascular necrosis of hips, shoulders, ankles, and spine
can cause chronic pain.

(1) Often best detected by MRI
(2) May require joint replacement
Other
a. Retinopathy

(1) More common in patients with Hgb SC disease
than with sickle cell (SS) disease

(2) Treated with photocoagulation
b. Leg ulcers

(1) Present in about 20% of patients

(2) Most commonly over the medial or lateral malleoli
c. Cholelithiasis: nearly universal due to chronic hemolysis

d. Splenic sequestration and autosplenectomy: seen in

children

e. Liver disease: multifactorial, due to causes such as iron
overload or viral hepatitis

Evidence-Based Diagnosis

A. Newborn screening

1.

2.

Universal screening identifies many more patients than
screening targeted at high-risk groups.

Homozygotes have an FS pattern on electrophoresis, which
is predominantly Hgb E with some Hgb S, and no Hgb A.

The ES pattern in not specific for sickle cell disease, and
the diagnosis should be confirmed through family studies,
DNA based testing, or repeat Hgb electrophoresis at
3—4 months of age.

B. Testing in older children and adults

1.

2.

Cellulose acetate electrophoresis separates Hgb S from
other variants; however, S, G, and D all have the same
electrophoretic mobility.

Only Hgb S will precipitate in a solubility test such as the
Sickledex



Treatment
A. General principles

1. All pediatric patients should receive prophylactic peni-
cillin to prevent streptococcal sepsis.

2. Transfusion indicated for acute chest syndrome, heart fail-
ure, multiorgan failure syndrome, stroke, splenic seques-

tration, and aplastic crisis.

a. Do not transfuse above an Hgb of about 11 g/dL, to
avoid hyperviscosity.

b. Use simple transfusion if Hgb below 8 g/dL.
c. Use exchange transfusion if Hgb above 8 g/dL.
3. Hydroxyurea

a. In patients with moderate to severe sickle cell disease,
hydroxyurea therapy reduced the rate of pain crises and
development of acute chest syndrome by about 50%.

b. Hydroxyurea use is associated with a lower mortality
rate.

4. Stem cell transplant is an experimental therapy.
B. Management of vaso-occlusive crises

1. The general approach should be similar to that used in
patients with other causes of severe pain, such as cancer.

a. Analgesics should be dosed regularly, rather than as
needed.

b. Patient-controlled analgesia can also be used.

C

Remember that patients who use opioids long-term
become tolerant and often require high doses for acute
pain.

i

Adding NSAIDs or tricyclic antidepressants to opiates
is sometimes beneficial.

Patients often need a long-acting opioid for baseline
analgesia, combined with a short-acting opioid for

breakthrough pain.

o

gl

A multidisciplinary approach to pain management
involving nurses and social workers may help optimize
pain management.

2. Oral hydration is preferable to IV hydration.
3. Oxygen is indicated only if the patient is hypoxemic.

B-Thalassemia

Textbook Presentation

B-Thalassemia major (homozygotes) presents in infancy with mul-
tiple severe abnormalities. Heterozygotes are usually asymptomatic.

Disease Highlights
A. Impaired production of B globin chains.
B. Common in patients of Mediterranean origin.

C. B-Thalassemia minor: heterozygotes with 1 normal B globin
allele and 1 B thalassemic allele

D. Anemia generally mild (Hct > 30%) and microcytosis severe
(MCV <75 mem3)

E. In pregnancy, anemia can be more severe than usual.
E. Asymptomatic splenomegaly in 15-20% of patients
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Evidence-Based Diagnosis

A. Iron studies should be normal; RDW usually normal; target
cells abundant; RBCs may be normal or high.

B. On Hgb electrophoresis, the Hgb A, can be elevated, but a
normal A, does not rule out B-thalassemia minor.

Treatment of $-Thalassemia Minor
None.

o-Thalassemia

Textbook Presentation

Loss of 3 or 4 o globin genes causes severe disease that presents at
birth or is fatal in utero. Patients with loss of 1 or 2 genes are usu-
ally asymptomatic.

Disease Highlights

A. Impaired production of ¢ globin chains.

B. Common in patients of African or Asian origin.

C. o-Thalassemia-2 trait: loss of 1 o globin gene; CBC normal.
D.

o-Thalassemia-1 trait (0-thalassemia minor): loss of 2 a. glo-
bin genes; mild microcytic anemia with target cells and nor-
mal Hgb electrophoresis.

Evidence-Based Diagnosis

o.-Thalassemia is diagnosed by polymerase chain reaction genetic
analysis.

Treatment of o0 Thalassemia Trait
None.

REFERENCES
Anand IS, Chandrashekhar Y, Ferrari R, Poole-Wilson PA, Harris PC. Pathogene-

sis of oedema in chronic severe anaemia: studies of body water and sodium,
renal function, haemodynamic variables, and plasma hormones. Br Heart J.
1993;70:357-62.

Charache S, Terrin ML, Moore RD et al. Effect of hydroxyurea on the frequency
of painful crises in sickle cell anemia. N Engl ] Med. 1995;332:1317-22.

Guyatt GH, Oxman AD, Ali M et al. Laboratory diagnosis of iron deficiency ane-
mia: an overview. ] Gen Intern Med. 1992;7(2):145-53.

Lindenbaum J, Healton E, Savage D et al. Neuropsychiatric disorders caused by
cobalamin deficiency in the absence of anemia or macrocytosis. N Engl |
Med. 1988;318:1720-28.

Marchand A, Galen R, Van Lente E The predictive value of serum haptoglobin in
hemolytic disease. JAMA. 1980;243:1909-11.

Seward S], Safran C, Marton KI, Robinson SH. Does the mean corpuscular vol-
ume help physicians evaluate hospitalized patients with anemia? ] Gen Intern
Med. 1990;5(3):187-91.

Snow C. Laboratory diagnosis of vitamin B12 and folate deficiency. Arch Intern
Med. 1999;159:1289-98.

Steinberg M, Barton F, Castro O. Effect of hydroxyurea on mortality and morbid-
ity in adult sickle cell anemia. JAMA. 2003;289:1645-51.

Vichinsky EP, Neumayr LD, Earles AN et al. Causes and outcomes of the acute
chest syndrome in sickle cell disease. N Engl ] Med. 2000;342:1855-65.

Weiss G, Goodnough LT. Anemia of chronic disease. N Engl ] Med. 2005;352:
1011-23.

Wickramasinghe SN. Diagnosis of megaloblastic anaemias. Blood Reviews.

2006;20:299-318.



7

| have a patient with low back pain.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT W

Mr. Y is a 20-year-old man with low back pain that has
lasted for 6 days.

W

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

Most low back pain is caused by conditions that are troublesome
but not progressive or life-threatening. The primary task when
evaluating a patient with low back pain is to identify those who
have serious causes of back pain that require specific, and some-
times rapid, diagnosis and treatment. In practice, this means dis-
tinguishing serious back pain (pain due to a systemic or visceral
disease or pain with neurologic symptoms or signs) from nonspe-
cific back pain related to the musculoskeletal structures of the
back, called mechanical back pain.

What is the differential diagnosis of low back
pain? How would you frame the differential?

A. Back pain due to disorders of the musculoskeletal structures
1. Nonspecific back pain

a. In general, a specific anatomic diagnosis cannot be
made, and there is no definite relationship between
anatomic findings and symptoms.

. There are no neurologic signs or symptoms.
c. It is nonprogressive.
. Examples include the following:

(1) Lumbar strain and sprain

(2) Degenerative processes of disks and facets

(3) Spondylolisthesis (anterior displacement of a ver-
tebra on the one beneath it)

(4) Spondylolysis (defect in the pars interarticularis of
the vertebra)
(5) Scoliosis
Specific back pain
a. A specific anatomic diagnosis can often be made.
b. Neurologic signs and symptoms are present.
c. It can be progressive.
d. Examples include the following:

(1) Herniated disk

114

(2) Spinal stenosis
(3) Cauda equina syndrome
B. Back pain due to systemic disease affecting the spine
1. Serious, requiring specific and often rapid treatment
a. Neoplasia

(1) Multiple myeloma, metastatic carcinoma, lymphoma,
leukemia

(2) Spinal cord tumors, primary vertebral tumors
. Infection

(1) Osteomyelitis

(2) Septic diskitis

(3) Paraspinal abscess

(4) Epidural abscess

2. Serious, requiring specific treatment but not necessarily
immediately

a. Osteoporotic compression fracture
b. Inflammatory arthritis
(1) Ankylosing spondylitis
(2) Psoriatic arthritis
(3) Reiter syndrome
(4) Inflammatory bowel disease—associated arthritis

C. Back pain due to visceral disease is serious and often requires
specific and rapid diagnosis and treatment.

1. Retroperitoneal
a. Aortic aneurysm
b. Retroperitoneal adenopathy or mass
2. Pelvic
a. Prostatitis
b. Endometriosis
c. Pelvic inflammatory disease
3. Renal
a. Nephrolithiasis
b. Pyelonephritis
c. Perinephric abscess
GI

a. Pancreatitis

4.

b. Cholecystitis

c. Penetrating ulcer
It is essential to understand the clinical neuroanatomy of the lower
extremity to properly examine patients with low back pain
(Figures 7-1 and 7-2). Figure 7-3 outlines the diagnostic
approach to low back pain.
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Figure 7-1. Distribution of cutaneous nerves (A) and nerve roots (B) in the leg. Also note that the patellar reflex
reflects L4 function, and the Achilles reflex reflects S1 function. (Reproduced, with permission, from Patten J. Neu-
rologic Differential Diagnosis, 2nd ed. Springer, 1996.)

The clinical clues for the alternative diagnoses listed in Table 7-1

W have been associated with an increased likelihood of a serious eti-
ology of back pain, and should all be considered pivotal points in

Mr.Y felt well until 1 week ago, when he helped his girifriend .reﬁning the diffe.rential diggnosis. Likelihood ratiqs for these find-

move ifto her third floor apartment. Although he felt fine 1ngs, when. avallabl.e, WIH, be .dlscus'sed later in the chapter.

while helping her, the next day he woke up with diffuse pain Table 7-1 lists the differential diagnosis.

across his lower back and buttocks. He spent that day o ) )

lying on the floor, with some improvement. lbuprofen has The Chn}cal Clue? hSted in Table 7-1 should be

helped somewhat. He feels better when he is in bed and assessed in all patients with back pain.

had transiently worse pain after doing his usual weight
lifting at the gym.

At this point, what is the leading hypothesis,
‘ what are the active alternatives, and is there a :;

¥ must not miss diagnosis? Given this differen-

tial diagnosis, what tests should be ordered? Mr. Y has no history of other illnesses. He has had no

trauma, weight loss, fever, chills, or recent infections. He
takes no medications and does not smoke, drink, or use
injection druge. The back pain does not radiate to his

legs. On physical exam, he has mild tenderness across his
PRIORITIZING THE DIFFERENTIAL lower bapck; lower extremity strength, sensation, and
Mr. Ys history is consistent with nonspecific mechanical back reflexes are normal. Straight leg raise test is negative.
pain, which is the cause of 97% of the back pain seen in a primary
care practice. History and physical exam should focus on looking ﬁ Is the clinical information sufficient to make
for neurologic signs and symptoms that would suggest a specific V a diagnosis? If not, what other information
musculoskeletal cause, such as a herniated disk, and for signs and ¥ do you need?

symptoms that would suggest the presence of a systemic disease.
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(Tibialis posterior)
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(Peroneus tertius)
(Extensor digitorum
brevis)

Knee extension
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Hip abduction
Glutei and tensor fascia lata (L4,5)

i
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brevis)

(long extensors assist)
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Figure 7-2. The motor exam of the leg.(Reproduced, with permission, from Patten J. Neurologic Differential

Diagnosis, 2nd ed. Springer, 1996.)
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Sciatica,
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duration of pain > 1 month, age > 50,
history of cancer, unexplained weight loss,
fever, recent skin or urinary infection,
immunosuppression, injection drug
use, significant trauma, osteoporosis,

Urinary retention,
urinary incontinence,
leg weakness, saddle
anesthesia?

Yes Immediate MRI to
rule out cauda
equina syndrome

corticosteroid use,
abnormal neurologic
exam?

Mechanical low
L back pain; treat
conservatively

17

Consider herniated
disk; treat
conservatively

Response to
conservative
treatment?

MRI; consider
epidural injection
or surgery

Spine radiograph or
MRI to look for
vertebral metastasis

No further evaluation
necessary

History of cancer?

Spine radiograph to
look for osteoporotic
compression fracture

Osteoporosis
risk factors?

Fever,
injection drug use,
immunosuppression,
skin infection,
instrumentation?

MRI to look for spinal
epidural abscess or
vertebral osteomyelitis

Conservative therapy for
presumed spinal stenosis;
»| consider MRI to confirm
diagnosis; perform ABIs

to look for PAD

Yes

Wide-based gait,

thigh pain, older Vascular risk factors?

patient?

Conservative therapy for
No presumed spinal stenosis;
o consider MRI to
confirm diagnosis

ABI, ankle-brachial index; PAD, peripheral arterial disease.

Figure 7-3. Diagnostic approach: low back pain.
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Table 7-1. Diagnostic hypotheses for Mr.Y.

Diagnostic
Hypotheses

Clinical Clues Important Tests

Leading Hypothesis

Mechanical Absence of symptoms Resolution within
back pain listed below 3-4 weeks
Active Alternative—Most Common
Herniated disk Sciatica CT or MRI
Abnormal neurologic
exam, especially in L5-S1
distribution
Active Alternative—Must Not Miss
Malignancy Duration of pain Spine radiograph
> 1 month MRI
Age > 50
Previous cancer history
Unexplained weight loss
(> 10 Ibs over 6 months)
Infection Fever MRI
Chills
Recent skin or urinary
infection
Immunosuppression
Injection drug use
Cauda equina Urinary retention MRI
syndrome Saddle anesthesia
Bilateral sciatica
Leg weakness
Decreased anal
sphincter tone
Other Hypotheses
Compression Age >70 Spine radiograph
fracture Significant trauma MRI

History of osteoporosis
Corticosteroid use

Leading Hypothesis: Mechanical
Low Back Pain

Textbook Presentation

The classic presentation is nonradiating pain and stiffness in the
lower back, often precipitated by heavy lifting.

Disease Highlights

A.
B.

C.

. Prognosis

Can also have pain and stiffness in the buttocks and hips

Generally occurs hours to days after a new or unusual exertion
and improves when the patient is supine

Can rarely make a specific anatomic diagnosis

1. 75-90% of patients improve within 1 month

2. 25-50% of patients have additional episodes over the
next year

3. Risk factors for persistent low back pain include
a. A history of previous back pain
b. Depression
c. Substance abuse
d. Pending or past litigation or disability compensation
e. Low socioeconomic status

f. Work dissatisfaction

Evidence-Based Diagnosis

A. Many asympromatic patients will have anatomic abnormalities

on imaging studies.
1. 20% of patients aged 14-25 have degenerative disks on
plain radiographs.

2. 20-75% of patients younger than 50 years have herniated
disks on MRI.

3. 40-80% of patients have bulging disks on MRI.

4. Over 90% of patients older than age 50 have degenerative
disks on MRI.

5. Up to 20% of patients over age 50 have spinal stenosis.

. Even in symptomatic patients, anatomic abnormalities are

not necessarily causative, and identifying them does not influ-
ence initial treatment decisions.

C. A specific pathoanatomic diagnosis cannot be made in 85%

of patients with isolated low back pain.

Patients who have none of the clinical clues should
not have any diagnostic testing done.

Treatment
A. Acute low back pain

1. Randomized controlled trials have shown that acetamino-
phen, nonsteroidal antiinflammatory drugs (NSAIDS),
and skeletal muscle relaxants are effective in relieving acute
low back pain.

2. There is lictle data regarding the effects of opioids and tra-
madol in acute low back pain, but they are sometimes used
in patients whose pain is not controlled with acetamino-
phen, NSAIDS, and muscle relaxants.

3. Specific back exercises do not help acute low back pain but
do help prevent recurrent back pain.

4. Heat and spinal manipulation have been shown to reduce
acute low back pain.

5. The best approach is NSAIDs and heat during the acute
phase and activity as tolerated until the pain resolves, fol-
lowed by specific daily back exercises.

Bed rest does not help acute pain and may prolong
the duration of pain.

. Subacute or chronic low back pain

1. Tricyclic antidepressants, tramadol, opioids, gabapentin,
and benzodiazepines have all been shown to be effective in
treating chronic low back pain; the best evidence is for tri-
cyclic antidepressants.



2. There is good evidence that cognitive-behavioral therapy,
exercise, spinal manipulation, and interdisciplinary reha-
bilitation are effective for chronic low back pain.

3. There is fair evidence that acupuncture, massage, and
some yoga techniques are effective.

4. Facet and epidural injection has not been shown to be
beneficial; local trigger point injection might be helpful.

MAKING A DIAGNOSIS

\

Considering Mr. Y’s history and physical exam, there is no
need to consider other diagnoses at this point. Should
he not respond to conservative therapy, then the alter-
native diagnoses would need to be reconsidered.
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CASE RESOLUTION

\

You reassure Mr. Y that his pain will resolve within
another 2-3 weeks. You recommend that he use
ibuprofen as needed and be as active as possible
within the limits of the pain. Rather than weight lift-
ing, you suggest swimming or walking for exercise
until his pain resolves. You also provide a handout on
proper lifting techniques and back exercises, to be
started after the pain resolves. He cancels a follow
up appointment 1 month later, leaving a message
that his pain is gone and he has resumed all of his
usual activities.

CHIEF COMPLAINT

PATIENT W

Mrs. H, a 47-year-old woman, was well until 2 days ago, when
she developed low back pain after working in her garden and
pulling weeds for several hours. The pain is a constant, dull
ache that radiates to her right buttock and hip. Yesterday,
after eitting in a movie, the pain began radiating to the back
of the right knee. She has taken some acetaminophen and
ibuprofen without much relief. Her past medical history ie
unremarkable, and she takes no medicines. She has no con-
stitutional, bowel, or bladder symptoms.

At this point, what is the leading hypothesis,
ﬁ what are the active alternatives, and is there
; a must not miss diaghosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Similar to the patient discussed in the first case, Mrs. H developed
low back pain after an unusual exertion, and has no systemic
symptoms. However, her pain is worsened by sitting and radiates
down the back of her leg (which suggests sciatic pain). Both of
these pivotal features increase the probability that she has a herni-

ated disk. Table 7-2 lists the differential diagnosis.

On physical exam, Mre. H is clearly uncomfortable. She
has no back tenderness and has full range of motion of
both hips. When her right leg is raised to about €0 degrees,
pain shoots down the leg. When her left leg is raised, she
has pain in her lower back. Her strength and sensation
are normal, but the right ankle reflex is absent.

Is the clinical information sufficient to make
‘ V" a diagnosis? If not, what other information

do you need?

Leading Hypothesis: Herniated Disk

Textbook Presentation

The classic presentation is moderate to severe pain radiating from
the back down the buttock and leg, usually to the foot or ankle,
with associated numbness or paresthesias. This type of pain is
called sciatica, and it is classically precipitated by a sudden increase
in pressure on the disk, such as after coughing or lifting.

Disease Highlights
A. Disk disease is frequently asymptomatic.

B. Numbness, paresthesias, and motor weakness are found vari-
ably; any of these can occur in the absence of pain.

Table 7-2. Diagnostic hypotheses for Mrs. H.

Diagnostic

Hypotheses Clinical Clues Important Tests
Leading Hypothesis

Herniated Sciatica CT or MRI

lumbar disk Neurologic signs and

symptoms, especially
in L5-S1 distribution
Positive straight leg raise

Active Alternative—Most Common

Nonspecific
mechanical
back pain

No neurologic or systemic
symptoms

Resolution of pain
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C. Most common site of weakness is foot plantar or dorsiflexion;
proximal weakness suggests a femoral neuropathy or com-
pression of the lumbar plexus.

D. Highest prevalence is in the 45- to 64-year-old age group.
E

. Risk factors include sedentary activities, especially driving,
chronic cough, lack of physical exercise, and possibly preg-
nancy. Jobs involving lifting and pulling have not been asso-
ciated with increased risk.

E. 50% of patients recover in 2 weeks and 70% in 6 weeks.

G. L4-L5 and L5-S1 cause 98% of clinically important disk her-
niations, so pain and paresthesias are most often seen in these
distributions.

H. There are no bowel or bladder symptoms with unilateral disk
herniations.

I. Coughing, sneezing, or prolonged sitting can aggravate the
pain.

J. Bilateral midline herniations can cause the cauda equina
syndrome.

1. Cauda equina syndrome is a rare condition caused by
tumor or massive midline disk herniations.

2. It is characterized by the following:

a. Urinary retention (sensitivity 90%, specificity 95%;
LR+=18,LR-=10.1)

. Urinary incontinence

. Decreased anal sphincter tone (80% of patients)

. Sensory loss in a saddle distribution (75% of patients)
. Bilateral sciatica

-0 & T

. Leg weakness

Suspected cauda equina syndrome is a medical
emergency that requires immediate imaging and

decompression.

Evidence-Based Diagnosis
A. History and physical exam (Table 7-3)

1. Sciatica has an LR+ of 7.9 for the diagnosis of L4-5 or L5-
S1 herniated disk.

2. Straight leg test is performed by holding the heel in 1
hand and slowly raising the leg, keeping the knee
extended.

a. A positive test reproduces the patient’s sciatica when
the leg is elevated between 30 and 60 degrees.

b. The patient should describe the pain induced by the
maneuver as shooting down the leg, not just a pulling
sensation in the hamstring muscle.

3. Crossed straight leg test is performed by lifting the con-
tralateral leg; a positive test reproduces the sciatica in the

affected leg.

v A straight leg raise test that elicits back pain is negative.

4. Combinations of abnormal findings (eg, positive straight
leg raise and neurologic abnormalities such as absent ankle
reflex, impaired plantar or dorsiflexion, impaired sensation
in L5-S1 distribution) are presumably more specific than
isolated findings.

Table 7-3. Physical exam findings for the diagnosis of disk

herniation.
Finding Sensitivity  Specificity LR+ LR-
Sciatica 95% 88% 79 0.06
Positive crossed 25% 90% 25 0.83
straight leg raise
Positive ipsilateral 91% 26% 1.2 0.3
straight leg raise
Ankle dorsiflexion 35% 70% 1.2 0.93
weakness
Great toe extensor 50% 70% 17 0.71
weakness
Impaired ankle reflex 50% 60% 13 0.83
Ankle plantar flexion 6% 95% 12 0.99
weakness

B. Imaging

1. Plain radiographs do not image the disks and are useless
for diagnosing herniations.

2. CT and MRI scans have similar test characteristics for
diagnosing herniated disks.
a. CT: sensitvity, 62-90%; specificity, 70-87%; LR+,
2.1-6.9; LR—, 0.11-0.54
b. MRI: sensitivity, 60—100%; specificity, 43-97%; LR+,
1.1-33; LR—, 0-0.93

C. Electromyography

1. Might be useful in assessing possible nerve root dys-
function in patients with leg symptoms lasting more
than 4 weeks; not useful for isolated back pain

2. Data regarding sensitivity and specificity are flawed but
estimates are 71-100% sensitivity and 38-88% specificity.

Treatment

A. In the absence of cauda equina syndrome or progressive neu-

rologic dysfunction, conservative therapy should be tried for
1 month.

1. NSAIDs are the first choice.
Opioids are often necessary.
Bed rest does not accelerate recovery.

Epidural corticosteroid injections may provide temporary
pain relief.

B. Surgery

1. Indications include

a. Impairment of bowel and bladder function (cauda
equina syndrome)

b. Gross motor weakness
c. Progressive neurologic symptoms or signs

2. Surgery should not be done for painless herniations or
when the herniation is at a different level than the
symptoms.



3. In the absence of progressive neurologic symptoms, sur-
gery is elective; patients with disk herniations and radicu-
lar pain generally recover with or without surgery.

a. Recent randomized trials of surgery versus conservative
therapy for symptomatic L4-5 or L5-S1 herniated disks
found short-term benefits for surgery

1. Patients who received surgery had better pain and
function scores at 12 weeks, but both groups had
identical scores at 52 weeks

2. The median time to recovery was 4 wecks for the surgery
group and 12 weeks for the conservative therapy group

b. Patient preference should drive decision making with
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The abnormality on imaging studies must
correlate with the findings on history and
physical exam; in other words, the herniation

must affect the nerve associated with the
dermatome that matches the symptoms.

2. If the scan is diagnostic, will the finding change the ini-
tial management of the patient? Conservative therapy,
similar to that for nonspecific back pain, is indicated
initially unless the patient has cauda equina syndrome
or other rapidly progressive neurologic impairment.

regard to surgery.

MAKING A DIAGNOSIS

\Z

Mre. H has sciatica, a positive straight leg raise test, and
an absent ankle reflex, a combination that strongly sug-
gests nerve root impingement at L5-51. However, none of
these findings is o specific that nonspecific mechanical
back pain has been ruled out. So, one option at this point
would be to order an MRI or CT scan to positively identify
a herniated disk. However, there are 2 questions to con-
sider before ordering a scan:

1. Will the scan be diagnostic? Remember that a signif-
icant percentage of asymptomatic people have herni-
ated disks on CT or MRI.

CHIEF COMPLAINT

PATIENT V

Mrs. F is a 75-year-old white woman who was well until
2 days ago when pain developed in the center of her
lower back. The pain is constant and becoming more
severe. There is no position or movement that changes
the pain, and it is not relieved with acetaminophen or
ibuprofen. It sometimes radiates in a belt like fashion
across her lower back, extending around to the
abdomen. She has no fever or weight loss. Her past
medical history is notable for a radial fracture after
falling off her bicycle 16 years ago, and breast cancer
15 years ago, treated with lumpectomy, radiation ther-
apy, and tamoxifen. She has had annual mammograms
since, all of which have been normal. She currently takes
no medications.

what are the active alternatives, and is there
a must not miss diaghosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

‘ At this point, what is the leading hypothesis,

CASE RESOLUTION

\Z

You decide not to order any imaging studies initially and
prescribe ibuprofen (800 mg 3 times daily) and activity as
tolerated. Mre. H calls the next day, reporting that she
was unable to sleep because of the pain. You then prescribe
acetaminophen with codeine, which provides good pain
relief. Two weeks later, she is rarely using the codeine, and
is only using ibuprofen 1to 2 times a day. Two months later,
she is pain free and back to her usual activities, although
her ankle reflex is still absent—a common and not signifi-
cant finding. She is fine until about a year later, when she
develops identical pain after a bad bronchitie. Her pain
resolves with a few days of acetaminophen with codeine.

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Mrs. P has several pivotal clinical findings that suggest her back
pain could be due to a more serious, systemic disease rather
than being nonspecific, mechanical back pain. First, she is
older and has a history of previous cancer; both findings are
associated with malignancy as a cause of back pain. Second, her
age, race, and history of a previous fracture are established risk
factors for osteoporosis. Table 7-4 lists the differential
diagnosis.

o/

On physical exam, she is in obvious pain. She is 5 ft 2 in and
weighs 115 Ibs. There is diffuse tenderness across her lower
back, with no point tenderness of the vertebrae. There is no
rash, and abdominal exam is normal. Her reflexes, strength,
and sensation are all normal, and straight leg raise is
negative.

Is the clinical information sufficient to make
‘ V" a diagnosis? If not, what other information

do you need?
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Table 7-4. Diagnostic hypotheses for Mrs. P.

Diagnostic
Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Metastatic Duration of pain Spine radiograph
breast cancer > 1 month MRI

Age > 50

Previous cancer history

Unexplained weight loss

(> 10 Ibs over 6 months)
Active Alternative
Osteoporotic Age > 70 Spine radiograph
compression Significant trauma MRI
fracture History of osteoporosis

Corticosteroid use

Leading Hypothesis: Back Pain Due
to Metastatic Cancer

Textbook Presentation

The classic presentation is the development of constant, dull back
pain that is not relieved by rest and is worse at night in a patient
with a known malignancy.

Disease Highlights

A. Bone metastases can be limited to the vertebral body or

B.

extend into the epidural space, causing cord compression.

Pain can precede cord compression by weeks or even months,
but compression progresses rapidly once it starts.

Cancer + back pain + neurologic abnormalities = an
emergency.

. Malignancy causes about 1% of back pain in general but is the

cause in nearly all patients with cancer who have back pain.

. Most common sources are breast, lung, Or prostate cancer.

1. Renal and thyroid cancers also commonly metastasize to bone.

2. Myeloma and lymphoma frequently involve the spine.

. In most cases of cancer metastasis, the thoracic vertebrae are

usually affected, while metastasis of prostate cancer most
often affects the lumbar vertebrae.

Blastic lesions seen with prostate, small cell lung cancer,

Hodgkin disease

. Lytic lesions seen with renal cell, myeloma, non-Hodgkin lym-

phoma, melanoma, non—small cell lung cancer, thyroid cancer

. Mixed blastic and lytic lesions seen with breast cancer and GI

cancers

Evidence-Based Diagnosis

A. History and physical exam

1. Previous history of cancer has an LR+ of 14.7 for the diag-
nosis of vertebral metastasis as a cause of back pain.

Table 7-5. History and physical exam findings in the
diagnosis of cancer as a cause of low back pain.

Finding Sensitivity  Specificity LR+ LR-
Previous history 31% 98% 147 07
of cancer
Failure to improve 31% 90% 30 077
after 1 month
of therapy
Age > 50 77% 71% 27 032
Unexplained 15% 94% 27 09
weight loss
Duration of pain 50% 81% 26 062
> 1 month
No relief with 90% 46% 1.7 021
bed rest
Any of the following: 100% 60% 25 00

age > 50, history of
cancer, unexplained
weight loss, or failure
of conservative therapy

2. Table 7-5 lists the historical and physical exam findings

associated with low back pain due to cancer.

If the patient is younger than 50 years, has no his-
tory of cancer, has not experienced unexplained
weight loss, and has not failed conservative therapy,
cancer is not likely to be the cause of back pain.

B. Imaging

1. Plain radiographs

a. Must lose about 50% of trabecular bone before a lytic
lesion is visible

b. Blastic lesions can be seen earlier on radiographs than
lytic lesions.

c. Sensitivity, 60%; specificity, 96-99.5%
d. LR+, 12-120; LR—, 0.4-0.42

2. CT scan: Sensitivity and specificity for diagnosing
metastatic lesions are unknown.

3. MRI
a. Sensitivity, 83-93%; specificity, 90-97%
b. LR+, 8.3-31; LR—, 0.07-0.19

4. Bone scan
a. Sensitivity, 74-98%; specificity, 64-81%
b. LR+, 3.9-10; LR, 0.1-0.32

c. Better for blastic lesions than lytic lesions; myeloma, in
particular, can be missed on bone scan.

MRI scan is the best test for diagnosing or ruling
out cancer as a cause of back pain and for deter-
mining whether there is cord compression.



C. Laboratory tests: the erythrocyte sedimentation rate (ESR) is
sometimes helpful

1. > 20 mm/h: sensitivity, 78%; specificity, 67%; LR+, 2.4
2. 250 mm/h: sensitivity, 56%; specificity, 97%; LR+, 19.2
3. 2100 mm/h: sensitivity, 22%; specificity, 99.4%; LR+, 55.5

Treatment
A. Surgery, radiation therapy, and chemotherapy
B. Choice of therapy depends on the type of cancer and the

extent of the lesion.

MAKING A DIAGNOSIS

M

Since Mrs. P has no neurologic abnormalities, and plain
radiographs are relatively quick to perform, it is reasonable
to start with lumbar spine films. However, because of the
suboptimal LR— of about 0.4, it will be necessary to per-
form additional imaging if the plain radiographs are normal.

The lumbar epine films show a vertebral compression
fracture at L1, which is new when compared with films
done several months ago.

Have you crossed a diagnostic threshold for
‘ the leading hypothesis, metastatic cancer?
Have you ruled out the active alternatives?

Do other tests need to be done to exclude
the alternative diagnoses?

Alternative Diagnosis: Osteoporotic
Compression Fracture

Textbook Presentation

The classic presentation is acute, severe pain that develops in an
older woman and radiates around the flank to the abdomen,
occurring either spontaneously or brought on by trivial activity
such as minor lifting, bending, or jarring.

Disease Highlights
A. Fractures are usually in mid to lower thoracic or lumbar region.

B. Fractures at T4 or higher are more often due to malignancy
than osteoporosis.

C. Pain is often increased by slight movements, such as turning
over in bed.

Can also be asymptomatic

m O

Pain usually improves within 1 week and resolves by 4-6 weeks,
but some patients have more chronic pain.

F. Osteoporosis is most commonly primary, related to
menopause and aging.

G. Can occur as a complication of a variety of diseases and
medications.

1. Most common diseases include thyrotoxicosis, primary
hyperparathyroidism, vitamin D deficiency, hypogonadism,
and malabsorption.
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2. Medications that can lead to osteoporosis include corti-

costeroids (most common), anticonvulsants, and long-
term heparin therapy.

H. Age is the strongest risk factor for developing osteoporosis,
with a RR of almost 10 for women aged 70-74 (compared
with women under 65), increasing to a RR of 22.5 for women
over 80.

1.

Other risk factors include personal history of rib, spine,
wrist, or hip fracture; current smoking; white, Hispanic,
or Asian ethnicity; weight < 132 lbs; family history of
0Steoporosis.

. Risk of developing osteoporosis is decreased in women

who are obese, are of African American descent, and use
estrogen postmenopausally.

I. Over 15 years, the absolute risk of vertebral fracture is about
10% for women with T scores > —1.0 and about 30% for
women with T scores < —2.5.

J. Women with a prevalent vertebral fracture and a T score > —1.0
have the same absolute risk of subsequent fracture, ~25%, as
women without prevalent fractures and T scores < —2.5.

Evidence-Based Diagnosis

A. History and physical exam

1.
2.

/A 3.

Not well studied
Age > 70 has LR+ of 5.5,

History of corticosteroid use has LR+ of 12.0 for diagno-
sis of osteoporotic compression fracture as a cause of back
pain

B. Imaging

1. MRI is thought to be more sensitive and specific than
radiographs, but data are not available.

2. MRI scan can distinguish between benign and malignant
osteoporotic compression fractures, with sensitivity of
88.5-100% and specificity of 89.5-93% (LR+ = 8-14,
LR— = 0-0.12).

3. Bone scan can be useful for determining acuity.

MRI scan is the best way to distinguish malignant
from benign osteoporotic compression fractures.

Treatment

A. Osteoporosis

1.

Total calcium intake (dietary plus supplementation, if nec-
essary) should be 1200-1500 mg daily; total vitamin D
intake should be 700-800 international units daily.

Bisphosphonates both increase bone density and reduce
risk of subsequent spine and hip fractures.

a. Alendronate and risedronate are given orally once per week
b. Ibandronate is given orally once per month

c. Zoledronic acid is given intravenously once per year

. Raloxifene reduces risk of spine fractures but not hip

fractures.

a. It also reduces the risk of estrogen receptor—positive
breast cancer (RR = 0.56)

b. It increases the risk of venous thromboembolism (RR

about 3)
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4. Parathyroid hormone (teriparatide) increases bone density
and prevents fractures at the spine and the hip.

5. Estrogen can prevent fractures but is no longer recom-
mended for long-term therapy due to adverse events such
as deep venous thrombosis, pulmonary embolism, breast
cancer, myocardial infarction, and cerebrovascular
accidents.

6. Calcitonin does not significantly increase bone density or
prevent fractures.

B. Compression fractures

1. Calcitonin may reduce the pain from an acute vertebral
compression fracture.

2. Other options for treating the pain of vertebral compres-
sion fractures are vertebroplasty and kyphoplasty.
a. Vertebroplasty consists of percutaneous injection of

bone cement under fluoroscopic guidance into a col-
lapsed vertebra.

b. In kyphoplasty, inflatable bone tamps are also intro-
duced into the fractured vertebral body.

c. Neither procedure is well studied and should be
reserved for patients with intractable pain.

CASE RESOLUTION

7

Mrs. P undergoes an MRI scan, which confirms the diag-
nosis of osteoporotic compression fracture. She is
treated with opioids, and her pain resolves over 2—4 weeks.
Her bone density results show a spine T score of —2.1,
and a hip T score of =2.6. She has no diseases or med-
ication exposures associated with osteoporosis. She has
primary osteoporosis. Treatment is started.

Regardless of Mrs. P’s bone density results, the presence of a
vertebral compression fracture mandates treatment for osteo-
porosis. Reviewing her history, she had several risk factors for
osteoporosis, including her age, weight, and history of a wrist
fracture.

CHIEF COMPLAINT

PATIENT W

Mr. F is a ©5-year-old man with type 2 diabetes, hyper-
tension, and osteoarthritis who comes into your office
complaining of several months of low back pain. Some-
times the pain is limited to his back, but it sometimes
radiates to his buttocks, hips, and thighs when he walke.
Although generally achy in character, he sometimes feels
numbness in both thighs. The pain gets better when he
sits down, although he finds it also goes away while he is
grocery shopping if he bends a bit to push the cart. He
does not have pain while in bed, and he has more pain
standing than sitting. Over-the-counter ibuprofen helps
somewhat, but he feels quite limited in his activity.

W

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The differential for back pain in a man this age is broad, but 2 piv-
otal historical findings suggest spinal stenosis: the sensation of
numbness with exertion (“pseudoclaudication”), and the improve-
ment in the pain when he bends forward to push a grocery cart.
Although he does not have the unremitting pain characteristic of
metastatic cancer, that is still a possibility. Another pivotal point is
that he has risk factors for vascular disease, and so peripheral arte-
rial disease must be considered. Other possibilities include
mechanical back pain, which remains common in patients over
65, although there should be no neurologic symptoms with

At this point, what is the leading hypothesis,
what are the active alternatives, and is there
a must not miss diagnosis?

uncomplicated mechanical back pain. Disk herniation is a final
possibility, although it would have to be a central herniation to
explain the bilateral symptoms. Table 7-6 lists the differential
diagnosis.

Table 7-6. Diagnostic hypotheses for Mr.F.

Diagnostic
Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Spinal stenosis Wide-based gait MRI
Neurogenic claudication
Age > 65
Improvement with
sitting/bending forward
Active Alternative—Must Not Miss
Metastatic Duration of pain Spine radiograph
cancer > 1 month MRI
Age > 50
Previous cancer history
Unexplained weight loss
(> 10 Ibs over 6 months)
Peripheral Vascular risk factors ABIs

arterial disease Leg pain with walking

Active Alternative—Most Common

Mechanical No neurologic or Resolution of pain
back pain systemic symptoms

Central disk Bilateral radicular pain MRI

herniation
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Mr. F's past medical history is notable for hypertension,
type 2 diabetes, and osteoarthritis of his knees. His
medications include lisinopril, glipizide, atorvastatin,
aspirin, and acetaminophen or ibuprofen. He has no his-
tory of cancer, and his prostate specific antigen (PSA)
was 0.9 ng/mL 1 month ago. He has no back tenderness.
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F. Patients with central stenosis generally have bilateral, non-
dermatomal pain involving the buttocks and posterior

thighs.

G. Patients with lateral stenosis generally have pain in a dermatomal

distribution.

H. Repeating the physical exam after rapid walking might

demonstrate subtle abnormalities.

I. About 50% of patients have stable symptoms; when worsen-

ing occurs, it is gradual.

Straight leg raise test is negative bilaterally; reflexes are
symmetric; strength is hormal; and sensation is hormal,
except for decreased vibratory sense in his feet. Dorsalis
pedis and posterior tibialis pulses are easily palpable. His
gait is normal.

Is the clinical information sufficient to make
‘ a diagnosis? If not, what other information
’

do you need?

Leading Hypothesis: Spinal Stenosis

Textbook Presentation

The classic presentation is somewhat vague, but persistent back
and leg discomfort brought on by walking or standing that is
relieved by sitting or bending forward is typically seen.

Disease Highlights

A. Leg symptoms are usually bilateral and are often described as
a heaviness or numbness brought on by standing or walking
(“pseudoclaudication”). Textbook descriptions of pain from
spinal stenosis differ qualitatively from textbook descriptions
of vascular claudication (Table 7-7).

B. Neurologic symptoms and signs are variable.

C. Stenosis is seen most often in lumbar spine, sometimes in cer-
vical spine, and rarely in thoracic spine.

D. Spinal stenosis is due to hypertrophic degenerative processes
and degenerative spondylolisthesis compressing the spinal
cord, cauda equina, individual nerve roots, and the arterioles
and capillaries supplying the cauda equina and nerve roots.

E. Pain is worsened by extension and relieved by flexion.

Table 7-7. Findings that differentiate vascular from
neurogenic claudication.

1. Lumbar spinal stenosis does not progress to paralysis and
should be managed based on severity of symptoms.

2. Progression of cervical and thoracic stenoses can cause

myelopathy and paralysis and requires surgery more often
than lumbar spinal stenosis.

Evidence-Based Diagnosis
A. History and physical exam

1. Wide-based gait has an LR+ of 14.3 for the diagnosis of
spinal stenosis.

2. Table 7-8 outlines the historical and physical exam find-

ings associated with the diagnosis of spinal stenosis.

B. Imaging

1. Plain radiographs can detect compromise of vertebral
foramina by bone but not by soft tissue; radiography is not
as sensitive as CT or MRI.

2. CT and MRI have similar test characteristics.

a. CT scan: sensitivity, 90%; specificity, 80-96%; LR+,
4.5-22; LR—, 0.10-0.12

b. MRI: sensitivity, 90%; specificity, 72-99%; LR+,
3.2-90; LR—, 0.10-0.14

c. Up to 21% of asymptomatic patients over age 65 have
spinal stenosis on MRI.

CT and MRI scans can rule out spinal stenosis but
cannot necessarily determine whether visualized
stenosis is causing the patient’s symptoms.

Table 7-8. History and physical exam findings in the
diagnosis of spinal stenosis.

Findi Sensitivit Specificit LR+ LR-
Vascular Neurogenic naing enstvity ol
Wide-based gait 43% 97% 143 059
Fixed walking distance Variable walking distance it : ”
before onset of symptoms before onset of symptoms No pain when seated 46% 93% 6.6 0.58
Improved by standing still Improved by sitting or bending Abnormal Romberg 39% 91% 43 067
forward test results
Worsened by walking Worsened by walking or standing Symptoms improve 52% 83% 31 058
hen seated
Painful to walk uphill Can be painless to walk uphill due W
to tendency to bend forward Vibration deficit 53% 81% 28 0.58
Absent pulses Present pulses Age > 65 77% 69% 25 033
Skin shiny with loss of hair Skin appears normal Pseudoclaudication 63% 71% 20 053
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Treatment

A. Evidence to guide treatment decisions is minimal.

B. Nonoperative treatment is successful (defined as stable or
improving symptoms) in 15-70% of patients.

1.

2.

3.

Medications used for pain relief include NSAIDs, tricyclic
antidepressants, gabapentin, and sometimes opioids.
Physical therapy improves stamina and muscle strength in
the legs and trunk.

Epidural corticosteroid injection helps some patients,
especially those with radicular pain.

C. Surgery

1.

2.

3.

Primary indication is increasing pain that is not responsive
to conservative measures.

Observational data show the following:

a. More effective in reducing leg pain than back pain

b. Reported improvement rates range between 64% and 91%.
c. Reoperation rates range from 6% to 23%.

d. Predictors of a positive response to surgery include male
gender, younger age, better walking ability, better self-
rated health, less comorbidity, and more pronounced
canal stenosis.

A recent trial with both a randomized and observation
cohort showed the following:

a. In the intention to treat analysis of the randomized
cohort, patients randomized to surgery reported better
scores on one measure of bodily pain at 2 years than
did those randomized to conservative therapy.

b. In the analysis of the observational cohort, patients
who chose surgery reported better pain and function
scores than those who chose conservative therapy.

MAKING A DIAGNOSIS

4

Mr. F's history remains suggestive of spinal stenosis; his
physical exam neither rules in nor rules out the diagnosis. You
order an MRl scan.

Mr. F's lumbar MRI shows central canal stenosis at

the L3-L4 level. There is also bilateral neural foraminal
stenosis at L4-LB. There are no compression fractures
or lytic or blastic lesions.

Have you crossed a diagnostic threshold for

V the leading hypothesis, spinal stenosis? Have

you ruled out the active alternative, peripheral
arterial disease? Do other tests need to be
done to exclude the alternative diagnoses?

Alternative Diagnosis: Peripheral Arterial
Disease (PAD)

Textbook Presentation

Classic claudication is defined as reproducible, exercise-induced
calf pain that requires stopping and is relieved with less than
10 minutes of rest. Critical limb ischemia classically presents with

pain in the feet at rest that may be relieved by placing the feet in
a dependent position.

Disease Highlights

A. In a study of outpatients over the age of 70, or aged 50-69
with a history of smoking or diabetes, the prevalence of PAD
was 29%.

E.

1.

2.

Only 11% of the patients with PAD had classic
claudication.
47% of patients had atypical symptoms (exertional leg

pain that was not in the calf or was not relieved by rest),
and 42% had no leg pain.

. Ciritical limb ischemia is presenting manifestation in 1-2% of

patients.

2.

3.
4.

. Risk factors include
1.

Smoking (risk of PAD increases by 1.4 for every 10 ciga-
rettes smoked/day)

Hypertension (risk of PAD increases by 1.5 for mild and
2.2 for moderate hypertension)
Diabetes (risk of PAD increases by 2.6)

Hyperlipidemia (risk of PAD increases by 1.2 for each
40 mg/dL increase in cholesterol)

. Patients with PAD have a high prevalence of coronary artery

disease and cerebrovascular disease with an annual rate of car-
diovascular events of 5-7%.

PAD is associated with a progressive decline in walking
endurance and an increased rate of depression.

E. Pretest probabilities of PAD in patients with a variety of risk
factors are shown in Table 7-9.

Evidence-Based Diagnosis
A. History

1.
2.

The presence of classic claudication has an LR+ = 3.30
The absence of claudication has an LR— = 0.89.

Table 7-9. Pretest probabilities of PAD.

Patients with Asymptomatic

leg complaints patients

Age 60-80 15%

Age 60-69 5%
Age 70-79 12%
Stroke 26% 15%
Ischemic heart disease 19% 13%
Diabetes 18% 11%
Hypercholesterolemia 15% 6%
Hypertension 12% 7%
Male sex 12% 5%
Smoking (current or quit 1% 7%

in last 5 years)

PAD, peripheral arterial disease.



B. Physical exam
1. Skin changes
a. In symptomatic patients, skin being cooler to the

touch and the presence of a foot ulcer in the affected
leg both have a LR+ = 5.9 and a LR— of about 1.0

b. Skin changes (atrophic or cool skin, blue/purple skin,
absence of lower limb hair) are not useful in assessing
for PAD in asymptomatic patients

2. Bruits

a. In symptomatic patients the presence of an iliac,
femoral or popliteal bruit has a LR+ = 5.6; the absence
of a bruit in ALL three locations has a LR— = 0.39

b. In asymptomatic patients, the finding of a femoral
bruit has a LR+ = 4.8; the absence of a femoral bruit
does not change the probability of PAD

3. Pulses
a. An abnormal femoral pulse has a LR+ = 7.2; an abnor-
mal posterior tibial pulse has a LR+ = 8.10

b. An abnormal dorsalis pedis pulse does not increase the
probability of PAD (LR+ = 1.9); the dorsalis pedis

pulse is not palpable in 8.1% of normal individuals.

c. The absence of an abnormality in any pulse has a wide
range of negative LRs (0.38-0.87).

4. Capillary refill time
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a. Apply firm pressure to the plantar aspect of the great
toe for 5 seconds; after releasing the toe, normal color
should return in < 5 seconds

b. Neither sensitive nor specific for diagnosing PAD
Lack of typical symptoms and physical findings
does NOT lower the likelihood of PAD.

C. Ankle-brachial index (ABI)
1. Figure 7—4 shows how ABIs are done
2. Using a cutoff of 0.90 or less to define abnormal, the sen-

sitivity is 95% and specificity 99% for the diagnosis of
PAD (LR+ = 95, LR~ = 0.05)

3. An ABI of 0.71-0.9 = mild PAD; 0.41-0.70 = moderate
PAD; 0.00—0.40 = severe PAD

Treatment

A. Risk factor modification: smoking cessation, control of hyper-
tension and diabetes, reduction of LDL to < 100 mg/dL

B. Antiplatelet therapy with aspirin or clopidogrel reduces
myocardial infarction, stroke, and death from vascular
causes; there is no additional benefit with combination
therapy

Pressure at right
or left arm

Right ankle-brachial index =

Left ankle-brachial index =

Formula

Highest right ankle pressure (mm Hg)

Highest arm pressure (mm Hg)

Highest left ankle pressure (mm Hg)
Highest arm pressure (mm Hg)

Highest ankle pressure

Example

2 H
= 92 mm Hg = 0.56 = Moderate obstruction

Highest brachial pressure N

164 mm Hg

Pressure at posterior tibial
and dorsalis pedis arteries in
right and left ankle

Interpretation of calculated index

Above 0.90—Normal
0.71-0.90—Mild obstruction
0.41-0.70—Moderate obstruction
0.00-0.40—Severe obstruction

To calculate the ankle—brachial index, systolic pressures are determined in both arms and both ankles with the use of a hand-held
Doppler instrument. The highest readings for the dorsalis pedis and posterior tibial arteries are used to calculate the index.

Figure 7-4. Performing the ABI.(Reproduced, with permission, from White C. Intermittent claudication. N Engl

J Med. 2007;356:1241-50.)
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C. Cilostazol 100 mg twice daily increases walking distance by
50% after 3—6 months of use; pentoxifylline has no effect on
walking distance.

D. Exercise, especially a supervised exercise program, can increase
walking by up to 150% over 3-12 months.

E. Revascularization, either surgical or percutaneous translumi-
nal angioplasty, is indicated for critical limb ischemia, and for
claudication unresponsive to exercise and pharmacologic

C. Staging
1. Stage 1: back pain at the level of the affected spine

2. Stage 2: nerve root pain radiating from the involved spinal

area

3. Stage 3: motor weakness, sensory deficit, bladder/bowel

dysfunction

4. Stage 4: paralysis

therapy that limits patients’ lifestyle or ability to work.

CASE RESOLUTION

\

Mr. F's pretest probability of PAD is at least 18%. You
order ABls, which show mild FAD (bilateral indices of
0.89). He begins taking 25 mg of amitriptyline at bed-
time and continues using acetaminophen or ibuprofen
during the day. After attending physical therapy for
& weeks, he reports some improvement in his exercise tol-
erance, although he still has daily pain. An epidural corti-
costeroid injection provides more pain relief, and he is
able to continue a walking program.

REVIEW OF OTHER IMPORTANT DISEASES
Spinal Epidural Abscess

Textbook Presentation

The classic presentation is a patient with a history of diabetes or
injection drug use who has fever and back pain, followed by neu-
rologic symptoms (eg, motor weakness, sensory changes, and

bowel or bladder dysfunction).

Disease Highlights
A. Pathogenesis

. Rate of progression from one stage to another is highly

variable.

. The most important predictor of the final neurologic out-

come is the neurologic status before surgery, with the post-
operative neurologic status being as good as or better than
the preoperative status.

Evidence-Based Diagnosis

A. ESR and C-reactive protein are usually elevated.

B. Leukocytosis is present in about 66% of patients.

C. Bacteremia is present in 60% of patients.

D. MRI is best imaging study, with a sensitivity of > 90%.

Treatment

A. Emergent surgical decompression and drainage

B. Antibiotics

Vertebral Osteomyelitis

Textbook Presentation

The classic presentation is unremitting back pain often, but not
always, with fever.

Disease Highlights
A. Pathogenesis

1.

Most commonly hematogenous spread; can also occur due

1. Most patients have one or more predisposing conditions.

2.

3.

a. Underlying disease (diabetes mellitus, alcoholism, HIV)

b. Spinal abnormality or intervention (degenerative joint
disease, trauma, surgery, drug injection)

c. Potential local or systemic source of infection (skin or
soft tissue infection, osteomyelitis, urinary tract infec-
tion, injection drug wuse, epidural anesthesia,
indwelling vascular access)

Infection occurs by contiguous spread in 33% of cases and

by hematogenous spread in 50%.

Staphylococcus aureus is the organism in 66% of cases.

a. Other organisms include Staphylococcus epidermidis,
Escherichia coli, Pseudomonas aeruginosa.

b. Anaerobes, mycobacteria, fungi, and parasites are occa-
sionally found.

B. Clinical manifestations

1.

Back pain in 75% of patients

2. Fever in about 50% of patients
3.
4

. More common in posterior than anterior epidural space, and

Neurologic deficits are found in about 33% of patients.

more common in the thoracolumbar than cervical areas.

. Generally extend over 3-5 vertebrae

to contiguous spread or direct infection from trauma or

surgery.

2. Generally causes bony destruction of 2 adjacent vertebral

bodies and collapse of the intervertebral space.
B. Microbiology
1. S aureus in over 50% of patients

2. Group B and G hemolytic streptococcus, especially in dia-

betic patients

3. Enteric gram-negative bacilli, especially after urinary tract

instrumentation

Evidence-Based Diagnosis
A. History and physical exam

1. Injection drug use, urinary tract infection, or skin infec-

tion: sensitivity, 40%

2. Spinal tenderness
a. Sensitivity, 86%; specificity, 60%
b. LR+, 2.1; LR—, 0.23

3. Fever
a. Sensitivity, 52%; specificity, 98%
b. LR+, 26; LR—-0.49



B. Laboratory tests

1. Leukocytosis: sensitivity, 43%; specificity, 94%; LR+, 7.2;
LR-0.6

2. ESR: sensitivity and specificity unknown, but most
patients in reported case series have an elevated ESR, often
over 100 mm/h

3. Blood cultures are positive in 50—-70% of patients; needle
aspiration is necessary to establish causative organism if
blood cultures are negative.

C. Imaging

1. Radiographs: sensitivity, 82%; specificity, 57%; LR+, 1.9;
LR~-, 0.32

2. MRI: sensitivity, 96%; specificity, 92%; LR+, 12; LR—,
0.04

3. Bone scan: sensitivity, 90%; specificity, 78%; LR+, 4.1;
LR-, 0.13

Treatment
A. Primarily antibiotics for 6 weeks

B. Surgery is necessary only if neurologic symptoms suggest
onset of vertebral collapse causing cord compression or devel-
opment of spinal epidural abscess.

Endocarditis should be considered in patients with
either vertebral osteomyelitis or a spinal epidural
abscess.
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| have a patient with chest pain.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT W

Mr. W is a 56-year-old man who comes to your office with
chest pain.

What is the differential diagnosis of chest
‘ pain? How would you frame the differential?

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

A patient with chest pain poses one of the most complicated diag-
nostic challenges. The differential diagnosis is enormous and
includes diagnoses that can be imminently life-threatening if
missed. The main pivotal points when considering a history of
chest pain is the acuity of onset of the pain and whether or not the
pain is pleuritic (worsening with inspiration). The differential
diagnosis of chest pain is the model for an anatomic approach to
diagnosis. Consideration needs to be given to the structures from
the skin to the internal organs. The differential below is organized
anatomically.

A. Skin: Herpes zoster
B. Breast

1. Fibroadenomas

2. Gynecomastia
C. Musculoskeletal
Costochondritis
Precordial catch syndrome
Pectoral muscle strain
Rib fracture
Cervical or thoracic spondylosis (C4-T6)
. Myositis
D. Esophageal

1. Spasm

QW oa N =

2. Esophagitis
a. Reflux
b. Medication-related
3. Neoplasm
E. GI
1. Peptic ulcer disease

2. Gallbladder disease

130

3. Liver abscess
4. Subdiaphragmatic abscess
5. Pancreatitis
E. Pulmonary
1. Pleura
a. Pleural effusion
b. Pneumonia
c. Neoplasm
d. Viral infections
e. Pneumothorax
2. Lung
a. Neoplasm
b. Pneumonia
3. Pulmonary vasculature
a. Pulmonary embolism (PE)

b. Pulmonary hypertension

G. Cardiac

1. Pericarditis
2. Myocarditis

3. Myocardial ischemia (stable angina, myocardial infarction

[MI] or unstable angina)

H. Vascular: Thoracic aortic aneurysm or aortic dissection

I. Mediastinal structures
1. Lymphoma
2. Thymoma

J. Dsychiatric

\

Mr. W comes in regularly for management of hypertension
and diabetes, both of which are under good control. He has
been having symptoms since just after his last visit
4 months ago. He fecls squeezing, substernal pressure while
climbing stairs to the elevated train he rides to work. The
pressure resolves after about 5 minutes of rest. He also
occasionally feels the eensation during stressful periods at
work. It is occasionally associated with mild nausea and jaw
pain. Medications are metformin, aspirin, and enalapril.

what are the active alternatives, and is there a
must hot miss diagnosis? Given this differen-
tial diagnosis, what tests should be ordered?

‘ At this point, what is the leading hypothesis,



PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Mr. W is a middle-aged man with risk factors for coronary artery
disease (CAD), whose symptoms are consistent with stable angina.
The pivotal points in this case are the chronicity, exertional nature,
and substernal location of the pain. Given the seriousness and
prevalence of CAD, it must lead the differential diagnosis. Gas-
troesophageal reflux disease (GERD) and musculoskeletal disorders
are common causes of chest pain that can mimic angina (exacer-
bated by activity, sensation of pressure, radiation to back) and thus
should be considered. The chronicity of the symptoms argues
against many other worrisome diagnoses (eg, PE, pneumothorax,
pericarditis, or aortic dissection). Pain from a mediastinal abnor-
mality is possible. Table 81 lists the differential diagnosis.

\

Physical exam is entirely unremarkable except for mild,
stable peripheral neuropathy presumably related to dia-
betes. The patient’s ECG is remarkable only for evidence
of left ventricular hypertrophy with strain.

Is the clinical information sufficient to make
‘ a diagnosis? If not, what other information
’

do you need?

Leading Hypothesis: Stable Angina

Textbook Presentation

Although atypical presentations are common, stable angina usu-
ally presents with classic symptoms of substernal chest discomfort
precipitated by exertion. These symptoms resolve promptly with
rest or nitroglycerin and do not change over the course of weeks.

Affected patients usually have risk factors for CAD.

Table 8-1. Diagnostic hypotheses for Mr.W.

Diagnostic
Hypotheses Clinical Clues Important Tests

Leading Hypothesis

Stable angina Substernal chest Exercise tolerance test
pressure with exertion ~ Angiogram

Active Alternative—Most Common

GERD Symptoms of EGD
heartburn, chronic Esophageal pH
nature monitoring

Active Alternative

Musculoskeletal ~ History of injury Physical exam
disorders or specific Response to
musculoskeletal treatment

chest pain syndrome

EGD, esophagogastroduodenoscopy; GERD, gastroesophageal reflux disease.
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Disease Highlights

A. Stable angina is a chest pain syndrome caused by a mismatch
between myocardial oxygen supply and demand.

1. Usually a product of coronary artery stenosis.

2. Can occur in the setting of normal or nearly normal coro-

nary arteries and

a. Anemia

b. Tachycardia of any cause (atrial fibrillation, hyperthy-
roidism)

c. Aortic stenosis

d. Hypertrophic cardiomyopathy

e. Heart failure (HF) (the result of high filling pressures)

It is important to consider causes of angina other
than CAD.

B. Stable angina is a common presentation for CAD.

C. Although exertional chest pain is the most common symptom
of stable angina, other presentations are possible. Presentations
may vary by what elicits the pain and what the symptoms are.

1.

Eliciting factors other than exercise
a. Cold weather
b. Extreme moods (anger, stress)

c. Large meals

. Symptoms other than chest pain

a. Dyspnea
b. Nausea or indigestion

c. Pain in areas other than the chest (eg, jaw, neck, teeth,

back, abdomen)
d. Palpitations
e. Syncope
f. Weakness and fatigue

D. The risk factors for CAD are important to elicit when the
patients history is suspicious. The traditional risk factors follow:

1.

. Age > 55 years in men and > 65 years in women

[ AR S VI ]

Male sex

. Tobacco use
. Diabetes
. Hypertension

. Family history of premature cardiovascular disease

(younger than age 55 in men and younger than age 65 in
women).

. Abnormal lipid profile

a. Elevated low-density lipoprotein (LDL)
b. Elevated triglycerides

c. Elevated cholesterol/high-density lipoprotein (HDL)
ratio (Ratio should be < 5:1, ideally < 3.5:1).

d. Low HDL

E. Other risk factors

1.
2.
3.

Hyperhomocysteinemia
Elevated levels of inflammation (C-reactive protein)
Plasma fibrinogen
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4.
5.

Microalbuminuria

Cocaine use should be asked about because although it is
not a risk factor for CAD, it can cause both angina and ML

Asking about the traditional cardiac risk factors
should be a part of the history for any patient with
chest pain.

E. Stable angina and CAD in women

1.

Although the pathophysiology of stable angina is the same
in men and women, it raises some unique issues in women
that deserve comment.

CAD presents differently in women than in men.

a. Because CAD usually presents in women at an older
age than in men, there are more comordid diseases to

confuse the presentation.

b.

Women describe their chest pain differently, using
terms like “burning” and “tender” more frequently.

There is good evidence that the diagnostic tests used for
CAD, which are discussed later in this chapter, are less
accurate in women than in men.

. Because there is a lower prevalence of disease among

women:
a. Physicians often do not consider the diagnosis

b. Lower pretest probability leads to worse positive pre-
dictive value of diagnostic tests (there are more false-
positive results on noninvasive tests).

Evidence-Based Diagnosis
A. History

1.

2.

The first step in diagnosing CAD is taking an accurate his-
tory of the patient’s chest pain.

The vocabulary physicians use when discussing chest pain
has been well validated to correlate with different risks of
underlying CAD. The descriptions depend on the answers
to 3 questions:

a. Is your chest discomfort substernal? (“Where is your
pain?”)

Table 8-2. Prevalence of coronary artery disease (%).!

3.

7.

b. Are your symptoms precipitated by exertion? (“Does
your pain come on or get worse when you walk, walk
fast, or climb stairs?”)

c. Does rest provide prompt relief of your symptoms
«

(within 10 minutes)? (“Does you pain get better with
rest?”)

The number of questions to which the patient answers yes
can predict the prevalence of CAD (Table 8-2).

Use the patient’s own words when taking a history
(eg, pressure, burning, aching, squeezing, piercing).

It is important to recognize that comorbidities can
markedly influence the probability of disease. As an
example, the rate of CAD in a 55-year-old woman with
atypical angina goes from about 32% with no risk fac-
tors to 47% if the woman has diabetes, smokes, or is
hypertensive.

Almost any symptom, other than musculoskeletal
ones, that reliably recurs with exertion should raise
the possibility of atypical angina.

. Men over 50 and women over 60 who present with symp-

toms of typical angina have over a 90% likelihood of hav-
ing coronary artery disease.

The remainder of the history should be aimed at collect-
ing evidence that makes the diagnosis of CAD more likely,
such as

a. Cardiac risk factors

b. Past history of cardiac disease

c. Symptoms classic for other causes of chest pain
Factors that make the diagnosis of CAD less likely include
a. Unremitting pain of prolonged duration

b. Other explanations for the patient’s symptoms

Age Asymptomatic? Nonanginal Chest Pain3 Atypical Angina* Typical Angina®
Male Female Male Female Male Female Male Female
30-39 1.9 0.3 5.2 038 21.8 42 69.7 25.8
40-49 55 1.0 14.1 28 46.1 133 87.3 55.2
50-59 9.7 3.2 215 84 58.9 324 92 79.4
60-69 123 75 28.1 18.6 67.1 54.4 94.3 90.6

ISee text for questions.

2Zero of 3 questions answered yes.
30ne of 3 questions answered yes.
4Two of 3 questions answered yes.
SAll 3 questions answered yes.
Data from Diamond GA, Forrester JS. Analysis of probability as an aid in the clinical diagnosis of coronary-artery disease. N Engl J Med. 1979;300:1350-1358.
Copyright © 1979 Massachusetts Medical Society. All Rights Reserved.
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Initial tests that should be done at the initial presentation
include

a. Glucose and lipid profile because they can identify dis-
eases that increase the likelihood of chest pain being
ischemic in origin.

b. Hgb and TSH because they can identify other diseases
that may cause angina.

c. Resting ECG because it looks for evidence of previous
infarction.

d. Troponin, if the anginal symptoms had been particu-
larly severe or long lasting.

B. Exercise testing

1.

Except in very rare cases, patients with symptoms of stable
angina should have an exercise test.

. The test is used for 2 main purposes: to diagnose CAD

and to determine whether patients should be treated with
medication only, PCI (percutaneous intervention), or with
bypass surgery.

. Decisions about treatment are based on a number factors,

many coming from the results of exercise testing:
a. The extent and severity of ischemia (most important)

b. Other prognostic variables, such as aerobic ability,
blood pressure and heart rate response to exercise, and
inducible left ventricular function.

. All exercise tests attempt to induce and detect myocardial

ischemia.

a. Myocardial ischemia may be induced by exercise,
dobutamine, adenosine, or dipyridamole.

b. Myocardial ischemia may be detected by ECG,

echocardiogram, or nuclear imaging.

. Exercise electrocardiography is the simplest and least

expensive test. It requires a normal resting ECG.

a. The sensitivity of the exercise stress test can be
improved (at the cost of lower specificity) by reducing
the degree of ST depression needed for a positive test.

b. The sensitivity of an exercise test will fall if the patient
does not reach an adequate degree of exercise, as meas-
ured by the rate-pressure product.

. The sensitivity, specificity, and LRs of some of the various

tests are shown in Table 8-3. (It should be noted that the
test characteristics of stress thallium and dobutamine
echocardiography vary among healthcare centers.)

. The decision whether to order a routine exercise test or

one with imaging is difficult. In general, definite reasons
to obtain imaging are
a. Abnormal resting ECG

b. Previous coronary artery bypass grafting surgery

(CABG) or PCI

c. A more sensitive test is required to rule out CAD, such
as in patients with a high likelihood of CAD.

. Means of increasing coronary demand other than exercise

(pharmacologic stress tests) are indicated for patients who
are unable to exercise. They may also be more accurate in
patients with a left bundle-branch block.

9. A patient with stable angina might not undergo an exer-

cise test if the patient has a high likelihood of disease (a test
therefore does not need to be done for diagnostic purposes)
and the patient would not benefit from determining the
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Table 8-3. Test characteristics of exercise tests.

Test Sensitivity  Specificity LR+ LR-
Exercise ECG 65-70% 70-75% =25 =45
> 1 mm depression
Exercise 80-85% 80-85% =48 =021
echocardiography
Dobutamine 80-85% 85-90% =67 =023
echocardiography
Exercise 85-90% 85-90% =69 =015
myocardial
perfusion SPECT
Pharmacologic 80-90% 80-90% =7 ~0.18
myocardial
perfusion SPECT

SPECT, single photon emission computed tomography.

distribution or severity of the disease (usually because the
patient would not or could not undergo revascularization).

C. Angiography

1.
2.

The gold standard for diagnosing CAD.

The indications for patients with stable angina to undergo
angiography include

a. Abnormal stress indicating substantial ischemia

b. Ischemia at a low workload on an exercise test

c. Diagnostic uncertainty after an exercise test

. Patients may undergo angiography without first having an

exercise test in the 2 circumstances when they will almost

certainly require invasive therapy (PCI or CABG).
a. When their symptoms are disabling despite therapy.
b. When they have HE.

Treatment

A. The goal of treatment in patients with stable angina is to
decrease symptoms and inhibit disease progression. Patients
with stable angina have about a 3%/year risk of both MI and
death.

B. Nonpharmacologic

1.
2.
3.

Smoking cessation
Exercise (intensity guided by exercise testing)
Low fat, low cholesterol diet

C. Pharmacologic

1.

Symptomatic treatment. It is important to recognize that
patients often need a combination of medicines to control
their symptoms.

a. Decrease oxygen demand: B-blocker or the calcium
channel blockers verapamil or diltiazem

b. Increase oxygen supply: long- and short-acting nitrates
Inhibit disease progression
a. Aspirin

b. Clopidogrel in patients who are intolerant of aspirin or

who have had PCI.
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c. Risk factor modification

(1) Lipid lowering with an HMG-CoA reductase
inhibitor (statin) to a goal LDL or < 70 mg/dL.

(2) ACE inhibitor or angiotensin receptor blocker
(ARB) in patients at the highest risk, such as those
with diabetes or HE.

(3) Glycemic control in patients with diabetes

D. Interventional therapy (either via PCI or bypass surgery) is the
mainstay of treatment for the acute coronary syndromes dis-
cussed below. For stable angina, it plays a critical role for patients
with more severe disease. An overview of the data is below.

1. Inlow-risk patients (such as those with single vessel disease)

a. There is no difference in mortality between medical
management and PCI.

b. Patients who undergo a PCI tend to have better con-
trol of their symptoms but undergo more procedures.

2. In moderate-risk patients (such as those with multivessel
disease but an otherwise normal heart)

a. PCI and CABG are about equal in terms of mortality
and both are superior to medical therapy.

b. PCI leads to more procedures.

3. In high-risk patients (such as those with disease of the left
main coronary artery, 3 vessel disease, or 2 vessel disease
involving the proximal left anterior descending artery)

a. Bypass surgery has a clear survival benefit compared
with medical therapy.

b. For selected patients, PCI can have a similar outcome
to surgery.

c. Bypass surgery is superior in patients with diabetes.

MAKING A DIAGNOSIS

\

A tentative diagnosis of stable angina from CAD is made.
Laboratory data are notable for normal blood counts and
chemistries. There is hypercholesterolemia (LDL 156 mg/dL,
HDL 42 mg/dL). Mr. W is referred for an exercise tolerance
test. Because of his abnormal resting ECG, an exercise
myocardial perfusion SPECT was performed. Although
chest pain developed during the test, his results were nor-
mal without evidence of myocardial ischemia.

Have you crossed a diagnostic threshold for
V the leading hypothesis, stable angina? Have
V" you ruled out the active alternatives? Do

other tests need to be done to exclude the
alternative diagnoses?

The results of the patient’s exercise test are surprising. Stable
angina remains high in the differential despite the normal stress
test but alternative diagnoses must be considered. The intermit-
tent nature of the pain and the lack of constitutional signs make a
mediastinal lesion unlikely. The absence of a recent injury, change
in activity or reproducible pain on physical exam moves muscu-
loskeletal pain down on the differential. GERD is a common
cause of chest pain and should be considered.

Alternative Diagnosis: GERD

Textbook Presentation

Heartburn is usually the presenting symptom in a patient with
GERD. Other classic symptoms are regurgitation or dysphagia;
chest pain is a common alternative presentation. Patients often
report that their symptoms are worst at night and after large meals.

Although dysphagia is a common presentation of
GERD, its presence raises the possibility of an
obstructing lesion and thus mandates prompt eval-
uation, usually with upper endoscopy.

Disease Highlights

A. The symptoms of GERD are so well known that most
patients diagnose themselves before visiting a physician.

B. GERD is a common cause of chest pain that may mimic that
of more sinister causes.

GERD is such a common cause of acute chest pain
that it should always be considered in the differen-

tial diagnosis of chest pain.

C. There are GI and non-GI complications of GERD.
1. GI
a. Esophagitis
b. Stricture formation
c. Barrett esophagus
d. Esophageal adenocarcinoma
2. Non-GI
a. Chronic cough
b. Hoarseness
c. Worsening of asthma

D. Esophageal disorders, other than GERD, might also present
as chest pain.

1. Esophagitis or esophageal ulcer
a. Odynophagia common
b. Multiple causes included infection and pill esophagitis

c. Dill esophagitis is especially associated with certain
medications:

(1) Bisphosphonates
(2) Tetracyclines
(3) Antiinflammatories
(4) Potassium chloride
2. Esophageal cancer
a. Often associated with dysphagia
b. Smoking, alcohol use, and chronic reflux are risk factors.

3. Esophageal rupture (Boerhaave syndrome). Often presents
with acute pain after retching.

4. Esophageal spasm and motility disorders. Often presents
with intermittent chest pain and dysphagia.

Evidence-Based Diagnosis
A. GERD should be high in the differential diagnosis of chest

pain when heartburn, regurgitation, or dysphagia is present or



when other commonly associated symptoms or complications
(eg, chronic cough and asthma) are present.

. Identifying factors that exacerbate the symptoms of GERD is
helpful both in diagnosis and management.

1. Ingesting large (especially fatty) meals
2. Lying down after a meal
3. Using tobacco
4. Eating any of the delicious foods that relax the lower
esophageal sphincter
a. Chocolate
b. Alcohol
c. Coffee
d. Peppermint

. Historical features help differentiate esophageal from cardiac
chest pain.

1. A small study analyzed the prevalence of several historical
features in 100 patients in an emergency department with
either esophageal or cardiac chest pain.

2. The differences that reached statistical significance are
listed in Table 8—4. Although the study was small, the data

are instructive.

3. From these data, it is clear that history cannot differentiate
esophageal chest pain from pain due to cardiac ischemia.
That said, pain that is persistent, wakes the patient from
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sleep, is positional, and is associated with heartburn or
regurgitation is more likely to be of esophageal origin.

4. It is interesting that only 83% of patients with an
esophageal cause of pain in this study had GI symptoms
(ie, heartburn, regurgitation, dysphagia, or vomiting).

5. Striking were some of the features not significantly differ-
ent between the 2 groups:

a. Radiation to the left arm
b. Exacerbation with exercise
c. Relief with nitroglycerin

6. The effect of nitroglycerin in relieving chest pain has con-
sistently been found to be useless in differentiating anginal
chest pain from esophageal or other causes of chest pain.

Response to nitroglycerin is not helpful in deter-
mining the cause of chest pain.

D. Esophageal pH testing, the gold standard for the diagnosis of
GERD, is seldom necessary.

E. The combination of a suspicious history and consistent endo-

scopic findings has a 97% specificity for GERD.

E. Suggestive symptoms and response to therapy is generally con-
sidered diagnostic.

G. Esophagogastroduodenoscopy (EGD) should be done when

Table 8-4. Prevalence of symptoms in patients with
cardiac and esophageal chest pain.

Prevalence (%)

Among Among
patients with patients with
Symptom cardiac cause  esophageal cause
Lateral radiation 69 1
More than 1 spontaneous 13 50
episode per month
Pain persists as ache 25 78
for several hours
Nighttime wakening 25 61
caused by pain
Provoked by swallowing 6 39
Provoked by 19 61
recumbency or stooping
Variable exercise tolerance 10 39
Pain starts after 4 33
exercise completed
Pain relieved by antacid 10 44
Presence of heartburn 17 78
Presence of regurgitation 17 67
Presence of Gl symptoms 46 83

Adapted from Davies HA et al. Angina-like esophageal pain: differentiation from

cardiac pain by history.] Clin Gastroenterol. 1985;7:477-481.

1. Patients have symptoms of complicated disease
a. Dysphagia

Extra-esophageal symptoms

Bleeding

Weight loss

Chest pain of unclear etiology

o &~0

2. Patients are at risk for Barrett esophagus (long-standing
symptoms of reflux).

3. Patients require long-term therapy

4. Patients respond poorly to appropriate therapy

H. Ambulatory pH monitoring is useful in 2 settings.

1. In patients with symptoms of GERD and a normal endoscopy.
2. To monitor therapy in refractory cases.

Treatment
A. Nonpharmacologic

1. Elevate the entire head of the bed; adding extra pillows
may actually worsen reflux.

2. Avoid lying down for 3 hours after meals.

3. Stop smoking.

4. Stop ingesting high-risk foods and beverages.
. Fatty foods

. Chocolate

. Alcohol

. Peppermint

e. Coffee

e n T o

. Pharmacologic

1. Antacids
2. H,-blockers
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3. Proton-pump inhibitor
a. First-line therapy in patients with reflux severe enough
to prompt physician visit.
b. Many patients require long-term therapy.

4. Motility agents (such as metoclopramide) are useful in
patients who need adjuvant therapy or who have signifi-
cant symptoms of regurgitation.

5. Surgery
a. Antireflux surgery currently has only a very small role.

b. May be warranted in some patients with particularly
severe disease.

c. One randomized trial has suggested that patients
treated with surgery had a higher mortality rate than

those treated medically at a mean follow-up of about
11 years (number needed to harm [NNH] = 8.3).

Because GERD is a common cause of chest pain, it
is appropriate to prescribe an empiric course of
proton-pump inhibitors after more ominous causes
of chest pain have been ruled out.

CASE RESOLUTION

\

Prior to the stress test, Mr. Ws probability of having CAD
was at least 92%. It is important to understand why the
exercise test was done in this case. The diagnosis of coro-
nary disease was essentially made by the history and
physical. The exercise test was meant to guide therapy.
Considering a pretest probability of 92%, and an LR— of
about 0.15 for the exercise test, the posttest probability
is ©0%. This is still well above the test threshold for a
potentially fatal disease like CAD.

Despite the results of the stress test, stable angina
was considered more likely than GERD. Mr. W was given
aspirin and a B-blocker and underwent an angiogram the
week after the visit. He was found to have a 90% steno-
sis of the mid left anterior descending artery and under-
went PCl with stent placement.

Before ordering an exercise test, ask yourself why
you are doing it: Are you trying to diagnose CAD

or determine how severe the disease is.

CHIEF COMPLAINT

PATIENT W

Mre. G is a 68-year-old woman with a history of hyper-
tension who arrives at the emergency department by
ambulance complaining of chest pain that has lasted € hours.
Two hours after eating, moderate (5/10) chest discom-
fort developed. She describes it as a burning sensation
beginning in her mid chest and radiating to her back. She
initially attributed the pain to heartburn and used
antacids. Despite multiple doses over 3 hours, there was
no relief. Over the last hour, the pain became very severe
(10110) with radiation to her back and arms. The pain is
associated with diaphoresis and shortness of breath.
The pain is not pleuritic. She called 911.

what are the active alternatives, and is there a
must not miss diagnosis? Given this differen-
tial diagnosis, what tests should be ordered?

‘ At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Mirs. G is experiencing acute, severe, nonpleuritic chest pain. This
presentation is associated with multiple “must not miss” diag-
noses. The acuity of the pain is a pivotal point in this history. MI
with and without ST elevations and unstable angina, as a group
referred to as acute coronary syndromes (ACS), are the most com-
mon life-threatening causes of acute chest pain and need to be
considered first. Aortic dissection also needs to be considered

given the history of hypertension and the radiation of the patient’s
pain to her back. PE is another possible cause even though the
chest pain is not pleuritic. Other alternative, but not life-
threatening, causes of this type of pain are esophageal spasm and
pancreatitis. However, it would be atypical for pancreatitis to
begin so acutely. Table 8-5 lists the differential diagnosis.

The patient takes enalapril for hypertension. She lives
alone, is fairly sedentary, and smokes 1 pack of cigarettes
each day. She has an 80 pack year smoking history.

On physical exam, the patient is in moderate distrese
related to the pain and ie concerned that ehe is having a
heart attack. Vital eigns are temperature, 37.0°C; BF,
156/90 mm Hg in both arms; pulse, 100 bpm; RR, 22 breaths
per minute. Head and neck exam, including jugular and
carotid pulsations, were normal. The lung exam was clear.
Heart exam was notable for a normal S, and S, and a soft,
VI eystolic ejection murmur. Abdominal exam was unre-
markable with no tenderness, hepatosplenomegaly, or bruite.

Is the clinical information sufficient to make
‘ a diagnhosis? If not, what other information

do you need?

Leading Hypothesis: Acute MI

Textbook Presentation

The classic presentation of an acute MI is crushing substernal
chest pressure, diaphoresis, nausea, shortness of breath, and a



Table 8-5. Diagnostic hypotheses for Mrs. G.

Diagnostic

Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Acute MI Presence of cardiac  ECG

risk factors Cardiac enzymes
Acute onset (CK and troponin)
Coronary angiography
Active Alternative—Must Not Miss
Unstable angina Presence of cardiac  ECG

risk factors
Ischemic symptoms
that are new or

Cardiac enzymes
(CK and troponin)
Stress testing

increasing in Coronary angiography
frequency
Thoracic aortic Presence of Transesophageal
aneurysm hypertension echocardiography
dissection Radiation of pain CT scan
to back
BP differential
Other Alternative
Esophageal spasm  Recurrent chest Esophageal

pain, often with
radiation to back

manometry and
exclusion of other
causes

feeling of impending doom in a middle-aged man with risk fac-
tors for CAD. More than most other “textbook presentations,”
this description is often inaccurate because it does not take into
account the frequency of MIs in women, younger and older

patients, and the frequency of atypical presentations.

Disease Highlights

A. MI occurs when there is a prolonged failure to perfuse an area
of myocardium leading to cell death.

B. Most commonly occurs when a coronary plaque ruptures
causing thrombosis and subsequent blockage of a coronary

artery.

C. The universal definition of MI describes 5 subtypes of MI
based on their clinical presentation:

1. Spontaneous MI related to ischemia due to a primary

coronary event.

2. MI secondary to ischemia due to either increased oxygen
demand or decreased supply, eg, coronary artery spasm,

anemia, or arrhythmias.

3. Sudden unexpected cardiac death, including cardiac arrest,
often with symptoms suggestive of myocardial ischemia.

4. MI associated with PCI or stent thrombosis.

5. MI associated with CABG.

D. Acute MIs are classified as either ST segment elevation MI

(STEMI) or non-ST segment elevation MI (NSTEMI).
1. ST elevations signify transmural ischemia or infarction.

2. NSTEMI
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a. Are less severe, usually injuring only subendomyocar-
dial tissue

b. Have a higher subsequent risk for STEMI

3. These 2 types of MI are managed somewhat differently
(discussed below).

Evidence-Based Diagnosis
A. The diagnostic criteria for acute MI have been clearly estab-

lished. There are 5 criteria that vary somewhat, based partly
on the subtype of MI, and they are shown in Table 8-6.

. Clinical findings suggestive of MI

1. About 15% of patients who are admitted to the emergency
department with chest pain are having an ML

2. Although historical and physical exam features are never
sufficient to diagnose an MI and only rule out an MI in
the lowest risk patients, a few features are fairly predictive

(Table 8-7).

. ECG findings suggestive of MI

1. All guidelines recommend an ECG be performed within
10 minutes of a patient’s arrival at a healthcare facility
when an MI is suspected.

Patients with chest pain should have an ECG within
10 minutes of arriving at a healthcare facility.

2. Prevalence rates of MI among emergency department
patients with chest pain and various ECG findings follow:

a. New ST elevation of 1 mm: 80%

b. New ST depression or T wave inversion: 20%

c. No new changes in a patient with known CAD: 4%

d. No new changes in a patient without known CAD: 2%
3. Table 8-8 shows the test characteristics for ECG findings

in patients with acute chest pain. Because there are a range

Table 8-6. Criteria for diagnosing acute MI.

1. Arise and fall of cardiac biomarkers (preferably troponin) with at

least one value above the 99th percentile of the URL along with

one of the following:

a. Symptoms of ischemia

b. ECG changes consistent with new ischemia

¢. Development of pathologic Q waves

d. Imaging evidence of new loss of viable myocardium or
myocardial function.

. Sudden cardiac death accompanied by ECG changes,

angiographic findings, or autopsy findings supporting Ml
as the cause.

. Elevation of cardiac biomarkers above 3 times the 99th percentile

of the URL in the setting of PCI.

. Elevation of cardiac biomarkers above 5 times the 99th percentile

of the URL in the setting of CABG along with ECG changes
consistent with MI, angiographic evidence of Ml, or imaging
evidence of new loss of viable myocardium of myocardial function.

5. Pathologic evidence of an MI.

CABG, coronary artery bypass grafting; MI, myocardial infarction; PCI, percuta-
neous intervention; URL, upper reference limit.
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Table 8-7. Likelihood ratios of historical features and
physical exam findings and the effect on posttest
probability of acute MI.

Feature or Finding LR+ Posttest Probability’
Radiation to left arm 23 29%
Radiation to right shoulder 29 34%
Radiation to both arms 7.1 56%

Nausea and vomiting 1.9 25%
Diaphoresis 2.0 26%
Third heart sound 3.2 36%
Hypotension 3.1 35%
Crackles 2.1 27%

'Assuming 15% pretest probability.

Adapted from Panju AA et al. The rational clinical examination. Is this
patient having a myocardial infarction? JAMA. 1998;280:1256-1263.
Copyright © 1998. American Medical Association. All rights reserved.

of numbers from various studies, these numbers should be
treated as estimates.

A patient with chest pain and = 1-mm ST elevations
in 2 contiguous leads or a new left bundle-branch
block (LBBB) is having an acute MI and should
receive immediate therapy.

D. Cardiac enzymes

1. As s clear from the diagnostic criteria, the presence of car-
diac enzymes define the presence of MI.

Table 8-8. Test characteristics for ECG findings in patients
with chest pain for the diagnosis of acute MI.!

ECG Finding LR+ LR-
New ST elevation > 1 mm 5.7-53
New Q wave 5.3-248
Any ST elevation 11.2
New Q or ST elevation 11 0.24
New conduction defect 6.3
Any Q wave 39
T wave peaking 3.1
Any conduction defect 27
Any ECG abnormality 13 0.04

'Data are unavailable when not given.

Adapted from Panju AA, et al. The rational clinical examination. Is this
patient having a myocardial infarction? JAMA. 1998;280:1256-1263.
Copyright © 1998. American Medical Association. All rights reserved.

2. When an MI is suspected, CK-MB and troponin should
be ordered and processed immediately.

3. These tests are highly reliable in diagnosing MI. (Note
that the definition of MI is based on enzyme results when-
ever they are available).

4, Table 8-9 lists the test characteristics for serial CK-MB
and troponin I according to time after symptom onset.

5. Troponin levels in patients with renal insufficiency

a. Patients with renal insufficiency often have elevated
troponin levels raising the risk of false-positive tests
for MI

b. Patients with elevated troponin levels at baseline will
still have a diagnostic rise and fall with MI

c. In patients with renal failure, higher baseline troponin
levels are predictive of poor cardiovascular outcomes.

. MI in women

1. Acute Mls present differently in women than in men.
a. Women often report prodromal symptoms such as
fatigue, dyspnea, and insomnia.

b. Chest pain is only present in 57% of women at the
time of MI.

Nearly half of woman having an MI present with a
chief complaint other than chest pain.

c. Dyspnea, weakness, and fatigue are the other common
presenting symptoms.

2. Women who suffer an MI are more likely to die. The cause
of this disparity is multifactorial.

a. Compared with men, women are older when they have
their first MI and have more comorbid conditions.

b. Historically, women have been less likely to undergo
revascularization procedures.

3. Women who do undergo bypass surgery and catheter-
based intervention have higher complication rates than
men who undergo these same procedures.

F. Unrecognized MI

1. Although the combination of symptoms, ECG findings,
and enzymes make most MIs easy to diagnose, about 2%
of patients with acute MI are discharged from the emer-
gency department.

2. Failure to recognize an MI results in worse outcomes for
patients and serious medicolegal issues.

3. MIs most commonly go unrecognized when they present
in unusual ways or in people not expected to have an MI.

4. A patient with an MI or unstable angina who is mistak-
enly discharged is most likely to:

a. Be a woman younger than age 55

b. Be non-white

c. Have a chief complaint of shortness of breath
d. Have a nondiagnostic ECG

5. MI may present without chest pain; patients tend to be
older women or have diabetes mellitus or a history of HE

6. The most common alternative presentations of MI are
listed below. MI should at least be considered in patients
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Table 8-9. Test characteristics for the diagnosis of acute Ml by time after symptom onset.

Test Time Frame Sensitivity (%) Specificity (%) LR+ LR-
Serial CK-MB <24h 99 98 50 0.01
---> 24 h 55 97 18 0.46

Troponin | 9h 95 98 47 0.03
---> 24 h 95 98 47 0.03

Adapted from Black ER. Diagnostic strategies for common medical problems. P. 64. Philadelphia: American College

of Physicians, 1999.

being discharged from the emergency department with
one of these diagnoses.

a. HF

Stable angina
Arrhythmia

Atypical location of pain

o &0 T

CNS manifestations (symptoms of cerebrovascular
accident)

Nervousness, mania, or psychosis
Syncope
Weakness

Indigestion

MI can present in many different ways. A high
index of suspicion should always be present. Cer-
tain groups of patients (elderly, women, minorities,
diabetics) are most likely to be misdiagnosed.

5o o

=

Treatment

A. A patient with an acute MI needs to receive immediate treat-
ment with antianginals and pain medications. The initial
treatment is outlined below, ranked by the level of evidence
supporting their use:

1. Aspirin, B-blocker

2. Oxygen

3. Nitroglycerin

4. Although frequently used in NSTEMI and occasionally in
STEMI, there is only weak evidence that unfractionated

or low-molecular-weight heparin is beneficial around the
time of thrombolysis or primary PCI.

5. Other therapy based on presentation
a. Opioids for patients in pain
b. Atropine for patients with pathologic bradycardia
c. Antarrhythmic agents

B. The next and most important step is opening the culprit ves-
sel. The 2 options are systemic thrombolysis or primary PCIL.

1. Although less widely available, primary PCI is the preferred
option.
2. Primary PCI is associated with

a. Lower mortality (even in patients who must be
transferred—albeit quickly—to a hospital with the
capability)

b. Significantly lower risk of serious bleeding complica-
tion. Hemorrhagic stroke is not a potential complica-
tion as it is with systemic thrombolysis.

3. The ability to do primary PCI depends on the presence of
a skilled team of interventional cardiologists who can rap-
idly (within 90 minutes) bring the patient to the catheter-
ization laboratory.

4. Primary PCI with stent placement is probably the most
efficacious treatment.

5. Both primary angioplasty and thrombolysis are most effec-
tive when completed within 12 hours of symptom onset.

C. Once the culprit vessel has been opened, various medications
have been shown to improve survival after acute MI.

1. B-Blockers

2. ACE inhibitors

3. Aspirin

4. Clopidogrel (duration based on intervention and risk of
bleeding)

5. HMG-CoA reductase inhibitors, dosed to achieve an LDL
<70 mg/dL.

6. Glycoprotein IIB/IIIA inhibitors are recommended for
patients with STEMIs and most patients with NSTEMIs.

D. An exercise test is also recommended within 3 weeks of an MI
in patients not undergoing PCI or angiography for informa-
tion on prognosis, functional capacity, and risk stratification.

MAKING A DIAGNOSIS

Mre. G's ECG shows ST depression in leads Il, Ill, AVL, and
V3-V6. The chest radiograph is normal.

Have you crossed a diagnostic threshold for
‘ the leading hypothesis, acute MI? Have you
v ruled out the active alternatives? Do other

tests need to be done to exclude the alter-
native diagnoses?

The ECG is consistent with cardiac ischemia but does not make
the diagnosis of an acute MI; the diagnosis will be confirmed
when the laboratory results for the enzymes are available. The
abnormal ECG certainly makes the alternative diagnosis, unstable
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angina, quite likely if an MI is excluded. Aortic dissections can
cause cardiac ischemia, so this too must remain in the differential.

Alternative Diagnosis: Unstable Angina

Textbook Presentation

Classically, new or worsening symptoms of CAD are the present-
ing manifestations of unstable angina. Unstable angina and an
acute MI without ST elevation may be identical in their presenta-
tion, only differentiated by the presence or absence of myocardial
enzyme elevation.

Disease Highlights

A. Unstable angina is defined as angina that is new, worsening in
severity or frequency, or occurs at rest.

B. Pathophysiology

1. Primarily caused by acute plaque rupture followed by
platelet aggregation.

a. 67% of episodes occur in arteries with < 50% stenosis.
b. 97% occur in arteries with < 75% stenosis.

2. Caused less commonly by changes in oxygen demand or
supply (eg, hyperthyroidism, anemia, high altitude).

C. The diagnosis of unstable angina can be difficult, often
depending on a careful history to differentiate stable from
unstable angina.

D. The clinician seeing a patient with unstable angina or a

NSTEMI must
1. Recognize that the patient has an ACS
2. Institute care
3. Determine the patients risk of progressing to an MI or death
4. Treat accordingly
E. Vasospastic angina

1. Vasospastic angina (also called Prinzmetal or variant
angina) is a phenomenon that is related to unstable angina
in presentation.

2. Patients with vasospastic angina periodically have episodes
of cardiac ischemia with ST elevation.

3. The attacks
a. Are often associated with chest pain or other ischemic
symptoms
. Resolve spontaneously or with nitroglycerin
. May occur in normal or diseased coronary arteries
Can result in MI or death (often secondary to arrhythmia)
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. Often occur at the same time each day

4. Vasospastic angina is usually diagnosed clinically but can
also be diagnosed by inducing it with ergonovine infusion
in the catheterization laboratory.

5. Vasospastic angina is treated effectively with calcium chan-
nel blockers and nitrates.

Vasospastic angina should be considered in patients
whose symptoms are consistent with cardiac
ischemia and occur at about the same time each
day. The diagnosis should also be considered when
transient ST elevations develop.

Evidence-Based Diagnosis

The diagnostic considerations for a patient in whom unstable angina
is suspected are 2-fold: diagnose unstable angina or NSTEMI and
risk stratify the patient.

A. Diagnosis
1. There are 3 presentations of unstable angina.
a. Rest angina
b. New onset (< 2 months) angina
c. Increasing angina

2. The American College of Cardiology (ACC) and Ameri-
can Heart Association (AHA) have endorsed a number of
findings that increase the likelihood that a patient’s symp-
toms represent an ACS. These include

a. Chest or left arm pain that reproduces prior angina
Known history of CAD

Transient mitral regurgitation murmur

Hypotension

Diaphoresis

-0 0 T

Pulmonary edema
g. Crackles
B. Risk stratification

1. Appropriate risk stratification ensures that the patient is
triaged to the proper location for care (ICU, inpatient
ward, home) and eventually receives the most beneficial

therapy.

2. Patients can be stratified by various validated scores. The
TIMI score is probably most commonly used and is shown
in Table 8-10.

3. Other characteristics that portend high risk are

a. Recurrent angina or ischemia at rest or with low-level
activities despite intensive medical therapy

b. Elevated cardiac biomarkers (TnT or TnlI)

c. Signs or symptoms of heart failure or new or worsen-
ing mitral regurgitation

d. High-risk findings from noninvasive testing

Table 8-10. TIMI risk score for unstable angina/NSTEMI.

All cause mortality, new or recurrent M,

TIMI or severe or recurrent ischemia requiring
Score! urgent revascularization within 14 days
0-1 47

2 83

3 13.2

4 19.9

5 26.2
6-7 40.9

'Patients receive one point for each of the following variables: age > 65,> cardiac
risk factors, prior coronary stenosis of > 50%, ST segment deviation on admission
ECG, 2 2 anginal events in preceding 24 hours, use of aspirin in previous 7 days,
elevated cardiac biomarkers.

MI, myocardial infarction; NSTEMI, non-ST segment elevation MI.



e. Hemodynamic instability

f. Sustained ventricular tachycardia
g. PCI within 6 months

h. Prior CABG

i. Reduced left ventricular function

Treatment

A. The following treatments should be started as soon as unsta-
ble angina is suspected:

1. Aspirin
2. B-Blockers
3. Nitrates

B. Patients whose risk stratification identifies them as having a
low risk of death or complications should undergo conserva-
tive management strategy.

1. Enoxaparin or unfractionated heparin
2. Clopidogtel

3. If the patient is stable (no ongoing ischemia, arrhythmias or
decreased ejection fraction on echocardiogram), a stress test
should be done to determine if angiography is indicated.

4. 1If the stress test finds the patient to be at low risk, the
patient can be discharged with prescriptions for aspirin,

clopidogrel, B-blockers, and an HMG-CoA reductase
inhibitor.
C. Patients found to be at higher risk benefit from an early inva-

sive strategy:

1. Enoxaparin or unfractionated heparin

2. Clopidogrel or glycoprotein IIb/IIIA inhibitor, or both

3. Angiography

4. Further management is dictated by the findings on angiog-
raphy: PCI, CABG, or medical therapy for coronary disease.

Alternative Diagnosis: Aortic Dissection

Textbook Presentation

The textbook presentation of an aortic dissection is an older man
with a history of hypertension and possibly atherosclerotic disease
M <« . » . . .

who complains of “tearing” chest or back pain. The pain might be
associated with vascular complications such as syncope, stroke,
cardiac ischemia, or HF secondary to acute aortic regurgitation.
On physical exam, there is asymmetry in the upper extremity BPs,
and the chest radiograph shows a widened mediastinum.

Disease Highlights

A. Dissection begins with a tear in the aortic intima allowing
blood to dissect the aorta between the intima and media.

B. The primary risk factors for aortic dissection are hypertension
and atherosclerosis, present in 72% and 31% of patients,
respectively. Other risk factors include

1. Known aortic aneurysm (present in 16% of patients)

a. Aortic aneurysms are usually detected while they are
asymptomatic on a chest radiograph.

b. They may also present with aortic regurgitation, pain,
or through impingement on other structures such as
the trachea, esophagus, or recurrent laryngeal nerve.

2. Prior aortic dissection (6%)
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3. Diabetes (5%)
4. Marfan syndrome (5%)

C. An additional risk factor for aortic dissection is cocaine use.

This is associated with dissections in younger patients
(mean age 41).

In addition to MI, thoracic aortic dissection should
be considered in the differential of a young hyperten-

sive patient who has chest pain after using cocaine.

D. The symptoms of dissection include pain as well as symptoms

of vascular complications of the dissection. The type of com-
plication depends on what type of dissection occurs.

E. Type A dissections involve the ascending aorta with or with-

out the descending aorta.

1. Account for about 60% of dissections

2. Carry a mortality of about 35%

3. May be associated with
a. Acute aortic insufficiency
b. Myocardial ischemia due to coronary occlusion
c. Neurologic deficits

d. Cardiac tamponade due to hemopericardium

E Type B dissections involve only the descending aorta and are

associated with a mortality of about 15%.

Evidence-Based Diagnosis
A. The diagnosis of aortic dissection is reliably difficult. There

are no signs or symptoms that are consistently associated with
very high or very low LRs.

B. A study of 464 patients with aortic dissection helps describe

the common presenting signs and symptoms of people with
this diagnosis.

1. The demographic findings were not surprising:
a. Mean age = 63 years
b. 73% of patients had hypertension

2. The presenting signs and symptoms were notable for the
infrequency of some classic findings.

a. Pulse deficit was noted in only 15% of patients, syncope

in 9%, cerebrovascular accident in 5%, and HF in 7%.

b. Some of the more common symptoms are shown in

Table 8-11.
c. Chest radiograph and ECG were found to be very

insensitive diagnostic tools.

The aorta is normal on the chest film in about 40%
of patients with a dissection of the thoracic aorta.

C. Another study stratified patients by 3 independent predictors

of aortic dissection: aortic type pain (pain of acute onset or
tearing or ripping character), aortic or mediastinal widening
on chest radiograph, and pulse or BP differentials.
1. Low-risk patients had none of the characteristics.

a. Only 7% of these patients had a dissection

b. The test characteristics of these findings for excluding
dissection were sensitivity, 96%; specificity, 48%; LR+,
1.85; LR—, 0.08.
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Table 8-11. Prevalence of various findings and symptoms in
patients with thoracic aortic aneurysm dissection (type A).

Finding or Symptom Prevalence
Abrupt onset pain 85%
Chest pain 79%
Back pain 47%
Severe or worst ever pain 90%
Sharp pain 62%
Tearing pain 51%
Normal chest film 11%
Widened mediastinum 63%
Normal mediastinum and aortic contour 17%
Nonspecific ST-segment or T-wave changes 43%

Adapted from Hagan PG et al. The International Registry of Acute Aortic Dis-
section (IRAD): new insights into an old disease. JAMA. 2000;283:897-903.
Copyright © 2000. American Medical Association. All rights reserved.

2. Intermediate-risk patients had only consistent pain or a
consistent chest radiograph. Between 30% and 40% of
these patients had a dissection.

3. High-risk patients had pulse or BP differentials or any
combination of the 3 of the variables.
a. > 84% of these patients had a dissection.
b. The test characteristics of these findings for predicting

dissection were sensitivity, 76%j specificity, 91%; LR+,
8.4; LR—, 0.26.

4. The test characteristics for pulse or blood pressure differen-
tials in a patient in whom aortic dissection is suspected were

sensitivity, 37%; specificity, 99%; LR+, 37; LR—, 0.64.

. Summarizing the clinical diagnosis of aortic dissection

1. Patients with dissections are likely to have a history of
hypertension and experience severe, acute pain.

2. Patients with chest pain are unlikely to have a dissection if
they do not have any of the following:

a. Acute or tearing or ripping pain
b. Aortic or mediastinal widening

c. Asymmetric pulse or BPs

. The gold standard for diagnosis is angiography but most

patients undergo only noninvasive tests.

. All the commonly used noninvasive tests have sensitivities and

specificities above 95%.

. The most commonly used tests are CT scans and trans-

esophageal echocardiography.

. Angiography is reccommended to help guide therapy if there is

evidence of organ ischemia.

Treatment

A. Because dissection is associated with extremely high mortal-

ity, the ideal is to identify and repair the aneurysm prior to
rupture.

. Thoracic aortic aneurysms

1. When aneurysms are detected prior to rupture, the goal of
therapy is to slow their growth and operate when the
aneurysm reaches a certain size.

2. Patients with aneurysms should have tight BP control.

3. Patients should be closely monitored for increasing
aneurysm size.

4. Indications for surgery are based on the size of the aneurysm
a. 5.5 cm for ascending aneurysms
b. 6.5 cm for descending aneurysms
c. Rapid growth

5. There is growing enthusiasm for using intravascular stents
to repair some aneurysms.

. Thoracic aortic dissection
1. Dissection of the thoracic aorta is a medical emergency.
2. Type A dissections are generally operated on immediately.
3. Type B dissections usually are managed medically.

CASE RESOLUTION

Mre. G’s initial troponin was elevated at 3.5 ng/mL with
a CK of 780 units/L and positive MB fraction. The final
diagnosis is NSTEMI. Following treatment in the emer-
gency department with oxygen, B-blockers, nitrates, and
enoxaparin, she was taken directly to the cardiac
catheterization laboratory. There she was found to have
a left dominant system and an acute thrombosis of a
branch of the left circumflex artery. This was opened with
intracoronary thrombolysis and a stent was placed.

The patient’s troponin and CK make the diagnosis of an acute MI.
It should be realized that the presence of an MI does not rule out
dissection of the thoracic aorta. Between 3% and 5% of patients
with dissections have associated MIs. Even before the catheteriza-
tion results, the subacute onset of the pain, the normal chest film,
the lack of “tearing pain,” and symmetric pulses made aortic dis-
section unlikely.

o/

Four days after her MI, Mre. G was discharged with pre-
scriptions for the following medications:

1. Atorvastatin 50 mg
2. Enalapril 20 mg

5. Atenolol 100 mg

4. Aspirin &1 mg

4. Clopidogrel 75 mg



CHIEF COMPLAINT

PATIENT W

Mr. H is a 31-year-old man, previously in excellent health
who arrives at the emergency department complaining of
chest pain. He reports that the pain began 10 days ear-
lier. It was initially mild but has become more severe. The
pain is accompanied by mild cough and shortness of
breath. Five days earlier, he had come to the emergency
department and musculoskeletal chest pain was diag-
nosed; he was given nonsteroidal antiinflammatory drugs
(NSAIDs) and discharged.

Since the pain has become more severe, it has become
pleuritic. He says it is located over the right lateral lower
chest wall. His dyspnea is still only mild. He also has noted
low-grade fevers with temperatures running about 36°C.

1

At this point, what is the leading hypothesis,
what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

This is a healthy young man with an acute illness. He reports pleu-
ritic chest pain, cough, dyspnea, and fevers. The acuity of the
symptoms as well as the pleuritic nature of the pain are pivotal
points in this case. The first diagnoses to consider are infectious
diseases that could cause pleuritic chest pain. Pneumonia or pleu-
ral effusion could cause these symptoms, either individually or as
part of the same process. (Pleural effusions will be discussed below
while pneumonia will be diagnosed in Chapter 9). Pericarditis can
also cause pleuritic chest pain and can be associated with fevers.
PE is a classic cause of pleuritic chest pain and shortness of breath
and may be associated with fever (sece Chapter 14, Dyspnea).
Intra-abdominal processes, such as subdiaphragmatic abscess
should be kept in mind as causes of pleuritic chest pain. The com-
bination of fever, dyspnea, and chest pain places pneumonia or
pleural effusion at the top of the list. Table 8-12 lists the differen-
tial diagnosis.

o/

During further history taking, Mr. H reports no radiation
of the pain. He denies abdominal pain, nausea, vomiting,
or change in appetite. Deep breathing and sudden move-
ments tend to worsen the pain. There are no other pal-
liative or provocative features.

On physical exam, Mr. H is a healthy appearing man
who appears in mild distress. He moves somewhat gin-
gerly because of the pain and is dyspneic. He coughs
occasionally during the history. This causes great pain.
Vital signs are temperature, 36.9°C; BF, 130/864 mm Hg;
pulse, 110 bpm; RR, 26 breaths per minute. Head and neck
exam is normal; there is no jugular venous distention.
Lung exam is notable for dullness to percussion and
decreased breath sounds at the right base. There is an
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Table 8-12. Diagnostic hypotheses for Mr. H.

Diagnostic

Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Pleural effusion Cough and shortness Chest radiograph

or pneumonia
associated physical

of breath with
pleural effusion

Thoracentesis for

exam findings

Active Alternative

Pericarditis Pain relieved by ECG
leaning forward Echocardiogram
Friction rub
ECG changes
Active Alternative—Must Not Miss
Pulmonary Risk factors Ventilation-
embolism Tachycardia perfusion scan
Helical CT
Pulmonary
angiogram
Other Alternative
Subdiaghragmatic  Intra-abdominal Abdominal
abscess process ultrasound
Fevers cT

area of egophony just superior to the decreased breath
sounds and normal breath sounds superior to this. The
left chest is clear. Heart exam is normal as are the
abdomen and extremities.

Is the clinical information sufficient to make
‘ a diagnosis? If not, what other information
\" 4

do you need?

Leading Hypothesis: Pleural Effusion

Textbook Presentation

Small effusions are usually asymptomatic while large effusions reli-
ably cause dyspnea with or without pleuritic chest pain. Presenta-
tion depends on the cause of the effusion. Parapneumonic effu-
sions will be accompanied by the signs and symptoms of
pneumonia while neoplastic effusions will usually present with
dyspnea alone and symptoms of the underlying cancer. Pleural
effusions related to rheumatologic disease are usually accompanied
by signs of the specific illness. Physical exam reveals dullness to
percussion and decreased breath sounds over the area of effusion.

Disease Highlights

A. Pathophysiology of pleural effusions vary by etiology but may
be due to 1 or any combination of the following:

1. Increased capillary permeability
2. Increased hydrostatic pressure
3. Decreased oncotic pressure
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Table 8-13. The incidences of several causes of pleural
effusion.

Etiology Incidence
HF 500,000
Pneumonia 300,000
Malignancy 200,000
Pulmonary embolism 150,000
Viral disease 100,000
Coronary artery bypass surgery 60,000
Cirrhosis with ascites 50,000

Less common but prevalent causes, including uremia, tuberculosis,
chylothorax, and rheumatologic disease (RA and SLE)

HF, heart failure; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.
Data from Light RW. Clinical practice. Pleural effusion. N Engl J Med.
2002;346:1971-1977. Copyright © 2002 Massachusetts Medical Society.
All Rights Reserved.

4. Increased negative intrapleural pressure
5. Disruption of pulmonary lymphatics
B. The differential diagnosis of a pleural effusion is enormous.

The most common causes with their approximate yearly inci-

dence are listed in Table 8-13.

C. The most useful way of organizing the differential diagnosis is
by whether the effusion is exudative or transudative.

1. Exudative effusions are caused by increased capillary per-
meability or disruption of pulmonary lymphatics.

2. Transudative effusions are caused by increased hydrostatic
pressure, decreased oncotic pressure, or increased negative
intrapleural pressure.

D. Table 8-14 lists some common transudative and exudative
effusions.

Table 8-14. Common transudative and exudative
effusions.

Transudative Effusions Exudative Effusions

Heart failure Parapneumonic effusions

Cirrhosis with ascites Malignancy

E. Exudative effusions commonly complicate the following
diagnoses:

1. Pneumonia

a. Any effusion associated with pneumonia, lung abscess, or
bronchiectasis is considered a parapneumonic effusion.

b. Empyemas are parapneumonic effusions that have
become infected.

c. Empyemas, and certain parapneumonic effusions
called complicated parapneumonic effusions, are more
likely to form fibrotic, pleural peels. The diagnostic cri-
teria for these types of effusions are given below.

d. Parapneumonic effusions accompany 40% of all pneu-
monias while empyemas occur 2% of the time, at most.

e. Effusions are more likely to form and more likely to
become infected if the treatment of the underlying
pneumonia is delayed.

f. The bacteriology of parapneumonic effusions is shown

in Table 8-15.
2. Malignancy
a. Most common cancers leading to effusions are
(1) Lung
(2) Breast
(3) Lymphoma
(4) Leukemia
(5) Adenocarcinoma of unknown primary

b. The effusion may occur as the presenting symptom of
the cancer or occur in patients with a previously diag-
nosed malignancy.

c. The presence of a malignant effusion is generally a very
poor prognostic sign.

3. PE
a. Effusions are present in 26-56% of patients with PE.
b. Effusions accompany PE most commonly in patients
with pleuritic pain or hemoptysis.
4. Viral infections
a. Considered to be a common cause of effusions
b. Difficult to diagnose; definitive diagnosis is rarely made

c. Usually diagnosed in patients with febrile or nonfebrile
illness with transient effusion and negative work-up.

d. Other clues such as atypical lymphocytes, monocytosis,
and leukopenia are helpful in diagnosing viral infection.

Table 8-15. Bacteriology of parapneumonic effusions.

Pulmonary embolism (1/4) Pulmonary embolism (3/4)

Nephrotic syndrome Viral infections

Percentage of
effusions that are

Percentage of
pneumonias with

Severe hypoalbuminemia Post CABG

Subdiaghragmatic infections
and inflammatory states

Chylothorax, uremia, connective
tissue diseases

CABG, coronary artery bypass grafting.

Bacteria effusion empyemas
Streptocogcus 40-60 <5
pneumoniae
Anaerobes 35 90
Staphylococcus aureus 40 20
Haemophilus influenzae 50 20
Escherichia coli ~50 ~99




A pleural effusion should only be diagnosed as viral
in an appropriate clinical setting when more serious
causes of effusion have been ruled out.

5. CABG surgery

a. Pleural effusions develop in up to 90% of patients
immediately following CABG.

b. Can be left sided or bilateral
c. Usually resolve spontaneously

6. Other diseases that are not uncommon causes of pleural
effusions include

1. Uremia

2. Tuberculosis (TB)

3. Chylothorax

4. Rheumatologic disease (eg, rheumatoid arthritis and
systemic lupus erythematosus)

F. The most common causes of transudative effusions are

1. HF

a. Most common cause of transudative effusions in the
United States

b. Effusions are accompanied by other findings of left
heart failure.

c. Effusions are usually small and resolve with diuresis alone.

d. Effusions are usually bilateral; unilateral effusions can
occur, but they are less common.

2. Cirrhosis with ascites
a. About 6% of patients with ascites have pleural effusions.

b. Effusion is thought to be secondary to ascites moving
into the thorax via defects in the diaphragm.

c. Extremely rare to have pleural effusions on the basis of
cirrhosis without ascites.

Evidence-Based Diagnosis
A. The diagnosis of a pleural effusion itself is based on the recog-

nition of fluid in the pleural space on physical exam.

1. The sensitivity and specificity of dullness to chest percus-
sion for detecting pleural effusions is very good.

a. Sensitivity, 96%; specificity, 95%
b. LR+, 18.6; LR—, 0.04

2. There is often an area of egophony just superior to the
effusion.

3. Once detected, a pleural effusion is confirmed on chest
radiograph, ultrasound, or other form of chest imaging.

B. After diagnosing a pleural effusion, the next step is to deter-

mine the cause. If the effusion is clinically significant (usually
considered > 1 cm on a chest film), it should be sampled.

1. A cause should be determined for any new pleural effusion.

2. The only exception to this is in the case of HE If the clin-
ical suspicion for HF as the sole cause of the effusion is
high, the effusion can be observed while the patient is
treated. If the effusion persists or the diagnosis becomes
unclear, the effusion should then be sampled.

\'g

Pleural effusions are abnormal; any new pleural
effusion should be evaluated.
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C. The first step in determining the cause of an effusion is to dif-

D.

ferentiate transudative from exudative effusions.

Light’s criteria are the most widely used criteria for differenti-
ating transudative from exudative effusions.

1. An effusion is considered to be an exudate if any of the fol-
lowing 3 criteria are met:

a. Pleural fluid protein/serum protein > 0.5
b. Pleural fluid LDH/serum LDH > 0.6

c. Pleural fluid LDH > 2/3 upper limit of normal for
serum LDH

2. The test characteristics for these are
a. Sensitivity, 98%; specificity, 83%
b. LR+, 5.76; LR—, 0.02

3. The most specific test for an exudative effusion is a differ-
ence between the serum albumin and pleural fluid albu-
min of < 1.2 g/dL (LR+ 10.88).

Once the diagnosis of a transudate or exudate is made, vari-
ous other tests will help determine the exact diagnosis. Besides
lactate dehydrogenase (LDH) and protein, certain tests are
routinely sent when pleural fluid is sampled.

1. Positive Gram stain or culture makes the diagnosis of an
empyema.

2. Fluid pH. A low pH (< 7.2) is commonly seen with
a. Empyemas
b. Malignant effusions
c. Esophageal rupture
3. Cell count
a. Neutrophil count over 50% argues for an acute process
(1) Parapneumonic effusion (sensitivity = 91%)
(2) PE
b. High neutrophil count is rarely seen in other diseases,
such as TB and malignancy.
c. Lymphocyte predominant exudative effusions are
almost always caused by TB or malignancy (positive
predictive value = 97%).

d. Pleural fluid eosinophilia is a nonspecific finding. It is seen
frequendy with inflammatory diseases, pneumococcal pneu-
monia, viral pleuritis, TB, and even repeated thoracentesis.

e. A low mesothelial cell count (< 5%) count is highly
suggestive of TB.

4. Cytology
a. Highly specific for the diagnosis of cancer

b. Sensitivity is 70% at best, with significantly lower val-
ues for some cancers.

E. Other tests are done if the clinical suspicion for certain dis-

eases is high.
1. Tuberculous effusions

a. Usually suspected based on clinical presentation and
pleural fluid lymphocytosis

b. The sensitivity of commonly used tests for the diagno-
sis of tuberculous pleurisy are

(1) Pleural fluid culture, 42%
(2) Pleural biopsy culture, 64%

(3) Pleural biopsy histology (caseating granulomas),
70-80%
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(4) Histology and pleural tissue culture > 90%
(5) Sputum culture, 20-50%

c. A recent meta-analysis has shown that interferon-y levels
in the pleural fluid are very useful for diagnosing tuber-
culous pleurisy with the following test characteristics:

(1) Sensitivity, 89%; specificity, 95%
(2) LR+, 23.45; LR—, 0.11
2. Glucose levels < 60 mg/dL are helpful and are seen in
a. Empyema
b. TB
c. Rheumatoid arthritis and systemic lupus erythematosus

3. Triglycerides are greater than 110 mg/dL in patients with
chylothorax. The fluid is also a milky white.

4. Thoracoscopy with pleural biopsy often used when suspi-
cion for malignancy is high and cytology is negative.

Pleural fluid testing should always include LDH,
protein, albumin, pH, and cell count. Other tests,

such as cytology, are often sent.

Treatment

A. Pleural effusions are treated by treating the underlying disease
(eg, pneumonia, uremia, and HF). Specific treatment of the
effusion is called for in certain circumstances.

B. Complicated parapneumonic effusions

1. Evacuation by chest tube drainage prevents pleural scar-
ring and the development of restrictive pleural disease.

2. Indications for chest tube placement are
a. Purulent fluid or positive Gram stain
b. pH<7.2
c. LDH > 1000 units/L

d. Glucose < 40 mg/dL

e

. Small effusions that are close to the above 3 cutoffs can
sometimes be carefully monitored.

C. Malignant pleural effusions

1. Usually managed by treating the underlying disease and
periodic therapeutic thoracentesis.

2. If thoracentesis is required frequently and the patient’s life
expectancy is long, there are a number of options among
which are

a. Pleurodesis, obliteration of the pleural space by the
installation of a chemical irritant

b. Catheter drainage, in which a semi-permanent catheter
is placed to allow constant drainage of the effusion.

3. Pleurodesis is usually done with talc.
D. Chylothorax
1. Caused by nontraumatic (primarily lymphoma) or trau-
matic (usually surgical) disruption of the thoracic duct.
2. In nontraumatic cases, the underlying disease is treated.

3. In both nontraumatic and traumatic disease, the pleural
space is evacuated with chest tube drainage.

4. A diet of medium chain fatty acids or a trial of total par-
enteral nutrition is used to decrease flow through the tho-
racic duct.

5. Pleurodesis and surgical management reserved for refrac-
tory cases.

MAKING A DIAGNOSIS

o/

The patient’s physical exam findings are consistent with a
pleural effusion. A posteroanterior, lateral, and decubitus
chest film were done that revealed an effusion. The effu-
sion was tapped and yielded pale, turbid fluid. The initial
results are glucose, < 20 mgldL; LDH = 38,400 units/L;
protein = 44 g/dL; fluid pH, 6.2; RBC, 5200/mcL; WBC,
144,000/mcl; Gram stain positive for gram-positive cocci
in pairs and chains. Serum values at the time included
total protein of 7.6 g/dL and LDH 141 unite/L.

Have you crossed a diagnostic threshold for
V the leading hypothesis, pleural effusion? Have
¥ you ruled out the active alternatives? Do

other tests need to be done to exclude the
alternative diagnoses?

Mr. H has a pleural effusion. Given the size of the effusion on the
chest film, a thoracentesis was clearly indicated. The results of the
tap are diagnostic. The fluid is an exudate and the low glucose, low
pH, high WBC, and positive Gram stain make the diagnosis of an
empyema.

It is worth noting that Mr. H’s previous diagnosis of muscu-
loskeletal chest pain was incorrect. A chest radiograph done on his
previous visit to the emergency department may have made the
correct diagnosis and treatment could, potentially, have prevented
the development of an empyema. There are many indications for
chest films, one is to diagnose a cause for chest pain.

A chest film should be performed in any patient
with chest pain and no clear diagnosis.

Alternative Diagnoses: Acute Pericarditis

Textbook Presentation

Acute pericarditis typically presents in young adults, with 1 week
of viral symptoms and chest pain that improves with leaning for-
ward. Physical exam reveals a 3-part friction rub. ECG reveals ST
elevations and PR depressions in all leads.

Disease Highlights
A. Although the causes of pericarditis are extremely varied, most
(85-90%) are considered idiopathic or due to an undiag-
nosed virus. The common causes are listed below:
1. Viral pericarditis is primarily caused by coxsackie, echo,
and adeno viruses.
2. Other infectious causes of pericarditis include TB (histor-
ically the most common) and HIV and related diseases.
3. Pericarditis may occur after myocardial injury (post MI
and postcardiac surgery).
4. Rheumatologic causes include systemic lupus erythemato-
sus and rheumatoid arthritis.



7.

. Procainamide and hydralazine are among the drugs that

can cause it.
Neoplastic causes
a. Malignancy metastatic to the pericardium

b. Pericarditis can also be caused by exposure of the chest
to radiation.

Uremia

B. About 50% of patients with uremia have pericardial effusions.

Evidence-Based Diagnosis

A. The diagnosis of pericarditis is made based on a pericardial
friction rub or in a patient with chest pain and characteristic

ECG findings.

1.

3.

History

a. Chest pain is almost always present.

b. The pain is usually pleuritic.

c. It classically radiates to the trapezius ridge.

d. Pain improves with sitting and worsens with reclining.

. Physical exam

a. The pericardial friction rub is insensitive but nearly
100% specific; it is diagnostic of pericarditis.
b. The rub is usually triphasic.
(1) Triphasic in 58% of cases
(2) Biphasic in 24% of cases
(3) Monophasic in 18% of cases

c. Although the physical exam is insensitive for effusions,
it is good for detecting tamponade.

(1) Sensitivity of jugular venous distention to detect
tamponade is 100%.

(2) Sensitivity of tachycardia to detect tamponade is
100%.

(3) Pulsus paradoxus > 12
(@) Sensitivity, 98%; specificity, 83%
(b) LR+, 5.9; LR—, 0.03
ECG

a. The ECG most commonly shows widespread ST ele-
vations and PR depressions. This finding is highly spe-
cific but the sensitivity is only about 60%.

b. The differentiation of pericarditis from acute MI on
ECG can be difficult. Some of the key differentiating fac-
tors are

(1) ST elevation in pericarditis is usually diffuse while
in MI it is usually localized.

(2) ST elevations in MI are often associated with
reciprocal changes.

(3) PR depression is very uncommon in acute MI.

(4) Q waves are not present with pericarditis.

distinction.

Pericarditis can mimic MI. The presence of a rub
and careful analysis of the ECG should enable their

4.

Other diagnostic tests

a. An echocardiogram is always done when pericardi-
tis has been diagnosed to evaluate the presence of a
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significant pericardial effusion and exclude the
presence of tamponade.

b. Cardiac enzymes are frequently positive and are there-
fore not helpful for distinguishing the chest pain of
pericarditis from that of cardiac ischemia.

B. Once the diagnosis of pericarditis is made, the cause needs to
be determined.

1. Because most pericarditis is either idiopathic or viral,
requiring only supportive care, extensive work-up is gen-
erally not indicated.

2. After a thorough history, most experts recommend only a
few diagnostic tests.

a. Chest radiograph

b. BUN and creatinine
c. PPD

d. Antinuclear antibodies
e. Blood cultures

3. More extensive evaluation is appropriate for patients with
refractory or recurrent disease. Even the most invasive
diagnostic studies, pericardiocentesis and pericardial
biopsy, are generally not helpful. Their diagnostic yield is
only about 20%.

Treatment

A. Because most patients have viral or idiopathic disease, the
treatment of acute pericarditis is supportive.

1. NSAIDs are the treatment of choice, usually providing
good pain relief.

2. The addition of colchicine may improve response to ther-
apy and decrease rates of recurrent disease.

B. Prednisone is effective in patients with refractory disease but
only after excluding the presence of diseases (such as TB) that
are potentially exacerbated by corticosteroids.

C. Pericardiocentesis is required in patients with tamponade.

CASE RESOLUTION

o/

Mr. H underwent chest tube drainage of the effusion.
Three tubes were placed with thoracoscopic guidance
because the effusion was loculated. He was given a third-
generation cephalosporin while sensitivities of his pre-
sumed pneumococcus were pending. He became afebrile
after 2 days of antibiotics and chest tube drainage. The
tube output declined over 5 days and the tubes were
removed on day 6. Total output was about 3 L.

He was discharged and given oral antibiotics for © weeks
for treatment of an empyema.

Empyemas are a medical emergency. They are
closed space infections that need to be drained in
order to cure them and preserve future lung func-
tion. As soon as one is detected, steps should be
taken to drain it.
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| have a patient with acute respiratory complaints
of cough and congestion.
How do | determine the cause?

CHIEF COMPLAINT

PATIENT W

Ms. L is a 22-year-old woman who comes to your office in
August complaining of cough and fever. She reports that
she was in her usual state of health until 3 days ago
when a cough developed. Two days ago, a low-grade fever
(57.2°C) developed, which increased to 36.6°C yester-
day. She reports that her sputum is yellow and that she
has no chest pain or shortness of breath.

CONSTRUCTING A DIFFERENTIAL
DIAGNOSIS

The framework for the differential diagnosis of acute respiratory
complaints is anatomic and microbiologic. Although there are a
myriad of viral and bacterial (and occasional mycobacterial) infec-
tions that infect the respiratory tree, a practical approach addresses
3 issues:

1. Where is the infection (sinuses, tracheobronchial tree,

alveoli)?
2.
3.

Will the patient benefit from antibiotics?

Among patients with pneumonia, clinicians must separate the
common community-acquired pneumonias (CAPs) from the
less common but important pneumonias due to aspiration,
tuberculosis (TB), and opportunistic infections. Diagnostic
and treatment algorithms that summarize the approach to
patients with acute respiratory infections appear at the end of

the chapter. (see Figures 9-3 and 9-4)

Differential Diagnosis of Acute Cough
and Congestion

A. Common cold
B. Sinusitis

C. Bronchitis

D. Influenza

E. Pneumonia

1. CAP

2. Aspiration pneumonia

3. TB

4. Opportunistic (eg, Pneumocystis jiroveci pneumonia

(PCP])
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W

On physical exam, Me. L is in no acute distrese. Vital
signs are RR, 18 breaths per minute; BF, 110/72 mm Hg;
pulse, 92 bpm; temperature, 38.6°C. Pharynx is unre-
markable; lung exam reveals normal breath sounds with-
out crackles, dullness, bronchophony, or egophony.
At this point, what is the leading hypothesis,
V what are the active alternatives, and is there
¥ a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The differential diagnosis for Ms. L includes acute bronchitis,
influenza, aspiration pneumonia, and CAP. Ms. Ls high fever is a
pivotal feature of this case. Acute bronchitis is 7o# usually associ-
ated with significant fever (unless caused by influenza). Influenza
can cause high fevers and chest symptoms but almost always
occurs between December and May. Therefore, despite Ms. Ls
normal lung exam, the high fever raises the possibility of CAP and
makes this the leading diagnosis. Table 9-1 lists the differential

diagnosis.

Vg
\V g

\

Ms. L reporte drinking only an occasional glass of wine
and denies recent intoxication, loss of consciousness, or
substance abuse. She reports no travel history and no
sick contacte.

W

A high fever should raise the suspicion of pneumonia.

Influenza occurs from December to May in the
northern hemisphere; it is highly unlikely at other
times.

Is the clinical information sufficient to make
a diagnosis of CAP? If not, what other infor-
mation do you need?
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Table 9-1. Diagnostic hypotheses for Ms. L.

E. Prognosis is good overall.
1. 8% hospitalization rate
2. 95% radiographic cure in 1 month
3. Mortality 1.2%

Diagnostic
Hypothesis Clinical Clues Important Tests
Leading Hypothesis
CAP Cough Chest radiograph
Shortness of breath Blood culture
High fever Sputum Gram stain
Crackles or dullness and culture
on lung exam (occasionally)

Active Alternatives-Most Common

Acute bronchitis  Cough Chest radiograph
Absence of high fever  (if abnormal lung
Normal lung exam exam, dyspnea or
high fever)
Influenza Sudden onset Diagnosis is usually
High fever clinical;
Severe myalgias Direct
December to May immunofluorescence
or ELISA can be used
Aspiration Impaired mentation Chest radiograph
pneumonia (dementia, prior

stroke, substance
abuse)

ELISA, enzyme-linked immunosorbent assay.

Leading Hypothesis: CAP

Evidence-Based Diagnosis
A. Diagnosis of pneumonia

. Diagnosis is usually clinical, based on constellation of

cough, fever, and infiltrate on chest film

. Prevalence of symptoms in patients with pneumonia

a. Cough, 96%
b. Fever, 81% but 53% in the elderly

Elderly patients with pneumonia often do nor have
a fever. Clinicians should have a low threshold for
obtaining a chest radiograph in elderly patients or
in patients with COPD with cough or with mental
status changes.

Dyspnea, 46-66%

Pleuritic chest pain, 37-50%
Chills, 59%

Headache, 58%

- 0 80

. Physical exam

a. No single finding is very sensitive. Therefore, the
absence of any single finding does not rule out pneu-
monia (Table 9-2).

(1) Neither a normal lung exam nor the absence of
fever rule out pneumonia (LR, 0.6 and 0.8,

Textbook Presentation

Productive cough and fever are often the presenting symptoms in
patients with pneumonia. Symptoms may worsen over days or
develop abruptly. Pleuritic chest pain, shortness of breath, chills,
and rigors may also develop.

Disease Highlights

A. Most common cause of infectious death in the United States

B. Most common identified pathogens

1.
2.

8.

N e Ww

Streptococcus pneuwmoniae
Mycoplasma pnewmoniae
a. More common in younger patients

b. Cannot be distinguished from other pyogenic infec-
tions based on clinical presentation or chest radiograph

Haemophilus influenzae

Chlamydia

Influenza (and other viruses)

Polymicrobial infection

Legionella

Staphylococcus aureus infection may develop post influenza.

C. 3.4% of pneumonias are associated with underlying malignancy

D. Complications

1.
2.
3.

Respiratory failure
Death
Empyema (See Chapter 8, Chest Pain)

respectively).

A normal lung exam does not rule out pneumonia.

(2) Normal vital signs make pneumonia less likely (LR

0.18).

(3) Combination of normal vital signs and normal
chest exam make pneumonia highly unlikely (95%

sensitive, LR 0.09).

Table 9-2. Likelihood ratios for physical findings in
pneumonia.

Finding LR+ LR-
Fever >37.8°C 44 0.8
Any chest finding 1.3-3.0 0.6
Normal vital signs 1.2 0.18
HR < 100 bpm, temperature
<37.8°C,RR < 20 breaths per minute
Normal vital signs and lung exam 22 0.09
Egophony 8.6 1.0
Crackles 27 0.9




A b. Egophony is fairly specific and significantly increases

the likelihood of pneumonia when present (LR+ 8.6).

4. WBC > 10,400 cells/mcL: LR+, 3.7; LR—, 0.6

5.

Chest film
a. Sensitivity is lower in dehydrated patients.

b. Compared with high-resolution chest CT scan, chest
film sensitivity is 69%.

A normal chest radiograph does 7o rule out pneu-
monia when the pretest probability is high (ie, a
patient with cough, fever and crackles), and antibi-
otics should still be administered.

c. 94% of infiltrates are in the lower and middle regions.

CAP rarely affects the upper lobes; consider TB or
aspiration pneumonia when upper lobe involve-

ment is seen.

6. Determining the etiologic agent

a. A variety of tests, including sputum culture, sputum
Gram stain, blood culture and urinary antigen tests for
pneumococcus and Legionella, can help determine the
pathogen in CAP.

b. The yield of these tests in outpatients with CAP is low
and routine testing is optional in outpatients.

c. Sputum cultures are often unreliable due to contami-
nation by oral flora.

(1) Normal flora should not be misinterpreted to
mean no infection.

(2) When positive, sputum cultures can help deter-
mine the resistance pattern.

d. Sputum Gram stains are also often unreliable due to
poor quality, preparation, and interpretation.

(1) One study reported that only 14% of hospitalized
patients had an adequate specimen with a domi-
nant organism.

(2) One study reported positive sputum Gram stains
in 63-80% of patients with pneumococcal bac-
teremia.

e. Blood cultures are positive in 5-14% of patients.
f. Pneumococcal urinary antigen
(1) Sensitivity for pneumococcal pneumonia, 50-80%

(2) Specificity, 90% (false-positives may occur second-
ary to colonization)

g. Legionella urinary antigen 70-90% sensitive, 99% specific

Treatment

A. Prevention: Indications for polyvalent pneumococcal vaccine

1.
. Diabetes

. Chronic heart, lung, renal, or liver disease
. Alcoholism

. Immunosuppression (including asplenia)

[ NAYARN. NS )

Persons = 65 years old and adults of any age with:

. Native Americans, Alaskans, or residents of long-term care

facilities
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B. One time revaccination is recommended after 5 years in

immunocompromised adults and those who received their
first dose before age 65.

C. Determine need for hospitalization

1. Prospective validated clinical tools can help determine the
need for admission (see Figure 9-4).

2. Indications for admission

Hypoxia

Shock

Pleural effusion

Multilobar infiltrates on CXR
Failure of prior outpatient therapy
Confusion

Unable to tolerate oral intake

TR ome &0 Top

Unreliable social situation

-

. Certain underlying diseases (sickle cell disease,
immunocompromise, severe chronic obstructive pul-
monary disease [COPD] or heart failure [HF])

3. The CURB-65 score is a validated model that predicts

mortality.

a. Criteria are confusion (to person, place or time), ure-
mia (BUN > 20 mg/dL), RR 2 30 breaths per minute,
systolic BP < 90 mm Hg or diastolic BP < 60 mm Hg,
age = 65.

b. A score of > 1 is associated with an increased mortality
and the need for hospital admission.

D. Evaluation

1. Chest film is recommended in the evaluation of all
patients with CAP,

2. Evaluate oxygenation in all patients (ABG or SaO,)

3. An ABG is required in patients with respiratory distress,
particularly those with preexistent COPD.

A normal Sa0, on pulse oximetry does not exclude
hypercarbia and respiratory failure. A blood gas to
check P2CO, is required for patients with respira-
tory distress.

4. Determining the causative agent

a. Most patients are treated empirically, to cover the most
common organisms responsible for CAP

b. The Infectious Diseases Society of America (IDSA) has
published guidelines for more extensive testing on
select inpatients (Table 9-3).

c. Patients with severe pneumonia should have blood and
sputum cultures, sputum Gram stain, and urinary tests
for pneumococcal and Legionella antigen.

d. CAP is the most common pneumonia among outpa-
tients with an infiltrate and fever.

e. Nonetheless, clinicians should always consider other
less common pneumonias including aspiration, TB,
and pneumocystis.

(1) A history of neurologic impairment or drug abuse
should suggest aspiration.

(2) Chronic symptoms, upper lobe disease, or cavitary
lesions should suggest TB.
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Table 9-3. IDSA guidelines for more extensive testing in persons with CAP.

Indication Blood culture Sputum culture LegionellaUAT Pneumococcal UAT Other
Intensive care unit admission X X X X Xa
Failure of outpatient antibiotic therapy X X X
Cavitary infiltrates X X Xb
Leukopenia X X
Active alcohol abuse X X X X
Chronic severe liver disease X X
Severe obstructive/structural lung disease X
Asplenia (anatomic or functional) X X
Recent travel (within past 2 weeks) X Xc
Positive Legionella UAT result Xd NA
Positive pneumococcal UAT result X X NA
Pleural effusion X X X X Xe

NOTE. NA, not applicable; UAT, urinary antigen test.

aEndotracheal aspirate if intubated, possibly bronchoscopy or nonbronchoscopic bronchoalveolar lavage.

®Fungal and tuberculosis cultures.

<See table 8 for details.

dSpecial media for Legionella.
¢Thoracentesis and pleural fluid cultures.

CAP, community-acquired pneumonia; IDSA, Infectious Diseases Society of America; NA, not applicable; UAT, urinary antigen test.
(Reproduced, with permission, from Mandell LA, Wunderink RG, Anzueto A et al. Infectious Diseases Society of America/American Thoracic
Society consensus guidelines on the management of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44 Suppl 2:527-72.)

(3) HIV risk factors or bilateral fluffy infiltrates should
suggest PCP (see Figure 9—4).

5. Patents with pleural effusions require diagnostic thoracentesis

6.

to rule out empyema or complicated parapneumonic effusions,
which require chest tube drainage in addition to antibiotics.

HIV testing is recommended for all adults aged 15-54 years
who have CAP.

E. Antibiotics

1.

2.

Treatment must cover pyogenic and atypical (Mycoplasma

and Chlamydia) organisms.
Penicillin-resistant S pneumoniae (PRSP)
a. Increasing resistance in United States

b. Marked geographic variability in frequency of resist-

ance but up to 65% in some areas

c. PRSP often resistant to cephalosporins and macrolides
but not quinolones with extended activity against S
preumoniae.

Empiric therapy (recommendations from the IDSA 2007)
a. Outpatients

(1) Previously healthy outpatients without recent use of
antibiotics (3 months) are usually treated with an
advanced macrolide (azithromycin or clarithromycin).
In areas with a high rate of macrolide resistance, a res-
piratory quinolone (moxifloxacin, levofloxacin, or
gemifloxacin) should be substituted.

(2) Outpatients recently treated with antibiotics or
with comorbidities (heart, lung, liver, or kidney
disease; diabetes mellitus; alcoholism; cancer;

asplenia; immunosuppression) are treated with a
respiratory fluoroquinolone or an advanced
macrolide plus a B-lactam (high-dose amoxicillin

or amoxicillin-clavulanate).

b. Inpatients

(1) Inpatients should be treated with respiratory fluo-
roquinolone or advanced macrolide with B-lactam.

(2) Drotrecogin alpha (activated protein C) should be
considered in patients with pneumonia and septic
shock that persists despite fluid resuscitation and
in those with pneumonia, sepsis, and leucopenia.

(3) Hypotensive patients with severe CAP should be
screened for adrenal insufficiency and treated if
their cortisol response to stimulation is inadequate.

MAKING A DIAGNOSIS

W

Ms. L does not have risk factors for aspiration pneumo-
nia. Influenza is highly unlikely in August. The differential
diaghosis is narrowed to CAF and acute bronchitis.

Have you crossed a diagnostic threshold for
‘ﬁ the leading hypothesis, CAP? Have you ruled out
the active alternatives? Do other tests need to
be done to exclude the alternative diagnosis?



Alternative Diagnosis: Acute Bronchitis

Textbook Presentation

Acute bronchitis presents in the healthy adult primarily as a cough
of 1-3 wecks duration. Myalgias and low-grade fevers may be
seen. This is distinct from an acute exacerbation of COPD (see

Chapter 28, Wheezing and Stridor).

Disease Highlights
A. Edology
1. Viruses
a. Influenza

Parainfluenza
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5. Presence of COPD, HE cancer, or immunocompromised
state

C. Testing for influenza can be considered in febrile patients who

present during influenza season within 48 hours of symptoms
onset in whom antiviral therapy is being considered (see below).

Treatment
A. Antibiotics

1. Antibiotics do not provide major clinical benefit and are
not recommended in the treatment of acute bronchitis.
2. Influenza treatment shortens the course of illness in

patients with influenza treated within 48 hours of symp-
toms (see below) and can be considered in patients with

Respiratory syncytial virus
Adenovirus

o &0 T

Rhinovirus
f. Coronavirus
2. Bacterial
a. < 10% of cases are caused by bacteria

b. Organisms include Bordetella pertussis, Mycoplasma, and
Chlamydia

3. Noninfectious
a. Asthma
b. Pollution
c. Tobacco
d. Cannabis

. Symptoms

1. Initial phase: Cough and systemic symptoms secondary to
infection are seen.

2. Fever may be low grade. Consider pneumonia in patients
whose fever is high-grade or persistent.

3. Protracted phase

a. In 26% of patients, cough persists secondary to bronchial
hyperresponsiveness and lasts 2—4 weeks or more.

b. 40-65% of patients without prior pulmonary disease
show evidence of reactive airway disease during acute
bronchitis.

Evidence-Based Diagnosis

A. Sputum may be clear or discolored. Discoloration arises from

tracheobronchial epithelium cells and WBCs and is 7ot diag-

nostic of bacterial infection.

Purulent sputum is not an indication for antibiotic
therapy in patients with acute bronchitis.

B. Chest film is not routine but is indicated when pneumonia is

being considered; (See Figure 9-3) indications include

1. Abnormal vital signs including high fever (temperature >
38°C), tachypnea (RR > 24 breaths per minute), tachy-
cardia (HR > 100 bpm)

2. Dyspnea

W

. Focal findings on lung exam

4. Elderly patients

bronchitis due to this pathogen.

B. Bronchodilators significantly reduce cough in patients with
bronchial hyperreactivity, wheezing, or airflow obstruction at

baseline.

C. Antitussives are useful symptomatic measures.

CASE RESOLUTION

\

At this point, obtaining a chest radiograph is critical.
WBCs and sputum and blood cultures can be obtained
but are too insensitive to rule out pneumonia.

A chest film reveals a left lower-lobe infiltrate, con-
firming the diagnosis of pneumonia.

25-50% of patients with pneumonia do not have
crackles on auscultation. Chest film is required

when pneumonia is suspected.

\

WBC is 10,200 cells/mcl with 67% neutrophils and 5%
bands. Her Sa0, is 96% on room air. An HIV test should
be ordered, antibiotice must be chosen, and a decision
must be made to admit or discharge Ms. L.

W

Ms. L's CURB-65 score is O and she has no indications
for admission (see Figure 9—4). She has no risk factors
for aspiration, and her chest radiograph does not sug-
gest TB or PCF. Her HIV test is negative. She is treated
for CAF with azithromycin and instructed to call immedi-
ately if her fever increases or increasing shortness of
breath or chest pain develop.

One week later, ehe reports feeling much better. A follow-up
chest film © weeks later shows resolution of the pneumonia.

A follow-up chest radiograph is indicated in
patients with pneumonia to exclude an underlying

obstructing mass.
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CHIEF COMPLAINT

PATIENT W

Mr. P is a 32-year-old man with cough and progressive
shortness of breath over the last 4 weeks. He complains
of a persistent cough productive of purulent sputum and
low-grade fever. His past medical history is unremarkable.
Social history: Mr. P reports that he is homeless. He
admits to drinking 1 pint of gin per day. He reports no his-
tory of recreational or injection drug use. He reports
that he has rarely used paid sex workers. He has no hie-
tory of sex with men. He denies using condoms.

On physical exam he appears disheveled and smells of
alcohol and urine. Vital signs are pulse, 95 bpm; temper-
ature, 37.0°C; RR, 20 breaths per minute; BF, 140/90 mm
Hg. There is temporal wasting. Lung exam reveals diffuse
fine crackles in the lower lung fields bilaterally. Cardiac
exam is normal. His chest radiograph demonstrates
bilateral lower lobe infiltrates. No cardiomegaly is seen.
A CBC is normal. 5a0, is &&%. His BUN is 1& mg/dL.

what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

V At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

The clinical findings of cough, shortness of breath, crackles on
pulmonary exam, and infiltrates on chest film all suggest pneu-
monia. One pivotal feature of this case is the long duration of
symptoms. CAP is possible but less likely with such protracted
symptoms. More chronic processes such as aspiration pneumonia
or TB should be considered. Another pivotal feature of Mr. P’s
case is his alcoholism. Alcoholism, substance abuse, and neuro-
logic disorders are leading risk factors for aspiration, and his alco-
holism makes aspiration pneumonia the leading diagnosis. The
duration of his complaints and temporal wasting also raise the
possibility of more chronic pneumonias caused by TB, fungi, or
PCP. TB is more common in alcoholic patients and malnourished
patients. Given the public health risks, TB is a must not miss pos-
sibility. A third pivotal feature in this patient is his high-risk sex-
ual behavior increasing his risk for HIV infection and PCP. PCP
primarily affects HIV-infected patients. It is important to consider
PCP even in patients without a history of known HIV infection
because PCP can be the first sign of HIV infection. The sexual his-
tory makes PCP (or another HIV-related pneumonia) an active
alternative diagnosis. Finally, uncomplicated influenza does not
persist for 4 weeks, although a postinfluenza pneumonia could be
considered in the proper season. Table 94 lists the differential
diagnosis.

Is the clinical information sufficient to make
‘ a diagnosis? If not what other information
\" 4

do you need?

Table 9-4. Diagnostic hypotheses for Mr.P.

Diagnostic
Hypothesis Clinical Clues Important Tests
Leading Hypothesis
Aspiration Impaired mentation Chest radiograph
pneumonia (dementia, prior
stroke, substance abuse)
Active Alternatives-Most Common
CAP Cough Chest radiograph
Shortness of breath Blood culture
High fever Sputum culture
Crackles or dullness and Gram stain
on lung exam (occasionally)
PCP Injection drug use, HIV
men who have sex CD4 count
with men, engaging Chest radiograph

in sex with paid
sex workers

demonstrating diffuse
bilateral infiltrates

Active Alternatives-Must Not Miss

TB Long duration Chest radiograph
of symptoms shows upper lobe,
Risk factors for TB cavitary or
(alcoholism, HIV reticulonodular
infection, foreign- disease

born persons, cancer,
diabetes, homeless

Sputum for acid-
fast stain and culture

persons, end-stage
renal disease, use of
corticosteroids,
incarceration)

CAP, community-acquired pneumonia; PCP, Pneumocystis jiroveci pneumonia; TB,
tuberculosis.

Leading Hypothesis: Aspiration Pneumonia

Textbook Presentation

Aspiration pneumonia typically develops in patients with
impaired mentation (ie, the demented elderly patient or alco-
holic). Classic symptoms include fever, cough, chest pain, and
putrid sputum. The syndrome most commonly evolves over days
to weeks rather than acutely.

Disease Highlights

A. Patients can aspirate oropharyngeal secretions or gastric con-
tents.

1. Gastric acid aspiration may result in chemical damage
(aspiration pneumonitis) and may be accompanied by sub-
sequent infection (aspiration preumonia).

2. Factors that contribute to the development of aspiration
pneumonia include aspiration, colonization, impaired
immunity, and decreased pulmonary clearance.

B. Risk factors for aspiration

1. Neurologic disease (dementia, cerebrovascular accident,
seizures)



C.

2. Sedation (illicit drug or alcohol overdose, general anesthesia)

3. Impaired oral pharyngeal clearance (status post head and
neck surgery)

4. Gastroesophageal reflux disease, vomiting
5. Endoscopy, tracheostomy, bronchoscopy, nasogastric feeding
Aspiration preumonitis

1. Aspirated contents with lower pHs and larger volumes
leads to more damage

2. Clinical syndrome

a. Usually follows large volume aspiration (ie, during
anesthesia)

b. Cyanosis and shortness of breath develop within 2 hours
c. Fever is usually low grade
d. Outcome varies

(1) Rapid recovery within 24-36 hours (62%), bacte-
rial superinfection (26%), acute respiratory distress
syndrome (12%)

(2) Bacterial superinfection may lead to pneumonia,
lung abscess, or empyema.

D. Aspiration pneumonia refers to infection due to aspirated organisms.

1. Accounts for 5-15% of pneumonias

2. Poor dentition increases the risk of aspiration pneumonia.
3. Aspiration is usually not witnessed.
4,

Clinical features include cough, fever, sputum production, and
shortness of breath, which may progress over days to weeks.
5. Organisms

a. Community-acquired aspiration pneumonia may be
caused by anaerobes, S pneumoniae, S aureus, and H
influenzae.

b. Hospital-acquired aspiration pneumonias may be
caused by anaerobes, gram-negative organisms (includ-
ing Pseudomonas), and S aureus.

Evidence-Based Diagnosis

A.

Often presumptive based on aspiration risk factors, putrid
sputum and typical chest film. Many patients have periodon-
tal disease.

. Oropharyngeal motility studies can identify certain patients

at risk, particularly those with neurologic impairment.

. Rigors and acute onset suggest more virulent organisms (ie, S

pneumoniae and S aureus).

D. Chest film
1. The classic location of infection is in the basal segment of
lower lobes, but it can involve upper lobes if aspiration
occurred while the patient was recumbent.
2. Cavitation is more common in aspiration pneumonia than
in CAP.
Treatment
A. Prevention

1. Soft diets and feeding strategies can reduce subsequent
aspiration.

2. Tube feedings decrease the incidence of aspiration pneumonia
in patients with dysphagia (54% vs 13% with oral feeding).
However, despite tube feedings, patients can still aspirate
from gastroesophageal reflux, vomiting, and aspiration of
oropharyngeal contents.
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3. Several studies suggest that ACE inhibitors increase the
cough reflex and decrease the rate of pneumonia in per-

sons at-risk (NNT 9-19).

4. Amantadine promotes dopamine release (which facilitates
cough and decreases dysphagia). It also has been shown to
decrease the rate of pneumonia in elderly patients with

prior stroke (NNT 4.3).

5. Oral hygiene decreases colonization and subsequent
pneumonia.

6. Postprandial semi-recumbent positions decrease the rate of
aspiration pneumonia compared with supine positions.

. Supportive treatment

1. Suction any material in airway.

2. Intubation if necessary for ventlation, oxygenation, or to
protect airway in patients with altered level of consciousness.

. Aspiration pneumonitis

1. Antibiotics are recommended if the infiltrates do not
resolve within 48 hours or if the patient likely has gastric
colonization (resulting from a H,-blocker, proton pump
inhibitor, or from bowel obstruction).

2. Corticosteroids are controversial.

. Aspiration pneumonia: antibiotics are indicated.

1. Community-acquired aspiration

a. First-line options include clindamycin or amoxi-
cillin/clavulanate or amoxicillin with metronidazole.

b. Other options include piperacillin-tazobactam, moxi-
floxacin, ceftriaxone, cefotaxime.

2. Hospital-acquired aspiration: Coverage requires addition of

an antibiotic that is effective against gram-negative organ-
isms and S aureus.

MAKING A DIAGNOSIS

%/

At this point, it is appropriate to order blood cultures, spu-
tum cultures, and Gram stain. The patient’s chest radi-
ograph does not have any features that suggest TB (see
below), which makes TB less likely. Nonetheless, PPD place-
ment and obtaining eputum for acid-fast bacillus (AFB)
stain and culture would be reasonable. Finally, given the dif-
fuse eymmetric infiltrate on chest radiography and his
sexual history, PCP must be considered and testing for HIV
is mandatory. Although the patient's CURB-65 score is O,
his hypoxia and lack of a reliable social structure make
admission mandatory. Antibiotice that cover both CAP
and aspiration pneumonia should be started.

Mr. F is admitted to an isolation bed on the general
medical floor. He is empirically treated with clindamycin (for
presumed aspiration pneumonia), azithromycin, and ceftri-
axone. The PFD test is done and is negative. Blood cultures
are negative and sputum cultures reveal normal flora.

Have you crossed a diagnostic threshold for
‘ the leading hypothesis, aspiration pneumo-
\ 4 nia? Have you ruled out the active alterna-

tives TB and PCP? Do other tests need to be
done to exclude the alternative diagnosis?
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Alternative Diagnosis: PCP

Textbook Presentation

Patients with PCP may have diagnosed or undiagnosed advanced
HIV disease. Patients commonly complain of progressive short-
ness of breath and dry cough of 1 to 3 week duration.

PCP is often the presenting manifestation of AIDS.
Suspect PCP in patients with diffuse bilateral pneu-

monia, particularly of subacute onset.

Disease Highlights
A. PCP presents as diffuse bilateral pneumonia.

B. PCP occurs most commonly in patients with HIV disease and
CD4 counts < 200 cells/mcL.

C. PCP is the most common cause of acute diffuse lung disease
in immunocompromised patients and is the leading cause of
AIDS-related death in HIV-infected patients.

D. PCP may also develop in patients undergoing organ trans-
plantation or chemotherapy and in patients with idiopathic
CD4 lymphocytopenia.

E. The exact classification of the organism is unclear.

Evidence-Based Diagnosis
A. History

1. Patients may or may not already carry diagnosis of HIV or

AIDS.
2. Fever is present in 79—-100% of cases.

3. Cough is present in 95% of cases. It is usually (but not
always) nonproductive.

4. Progressive dyspnea is present in 95% of cases.
B. Physical exam

1. Fever is present in 84%.

2. Tachypnea is present in 62%.

3. Chest auscultation is normal in 50% of cases.

C. Chest film

1. Usually shows diffuse symmetric bilateral alveolar or inter-
stitial infiltrates (81-93% of cases)

2. In HIV-infected patients, interstitial infiltrates are present
in 69% of patients and increase the likelihood of PCP
(versus TB or bacterial pneumonia) (LR+ 4.25).

3. Dyspnea or oral thrush combined with a diffuse intersti-
tial pattern on chest radiograph strongly suggest PCP in
HIV-infected persons (sensitivity 58% and 36%, respec-
tively; LR+ =7.25).

4. Isolated upper lobe disease may be seen in patients taking

inhaled pentamidine as PCP prophylaxis.
5. Occasionally shows pneumothorax
6. Normal in 10-25% of cases

PCP should be considered in dyspneic patients with
HIV and CD4 counts < 200 cells/mcL even when
the chest exam and chest radiograph are normal.

D. Specific diagnostic tests

1. Although the chest radiograph and lactate dehydrogenase
(LDH) (see below) can suggest PCP or make the diagnosis

less likely, patients require specific tests to confirm or
exclude PCP.

2. Clinical diagnosis (without confirmational staining of
sputum or bronchoalveolar lavage [BAL]) is incorrect in
43% of patients.

3. Induced sputums are typically the first test used to diag-
nose PCP.

a. 55-92% sensitive, 100% specific
b. The addition of immunofluorescent staining increases
sensitivity.

4. BAL is used to diagnose PCP when sputum stains are neg-
ative.

a. Diagnosis is based on staining the fluid obtained dur-
ing BAL.

b. Silver or Giemsa staining and monoclonal antibodies
have been used.

c. Sensitivity is 86-97%.

d. Sensitivity of BAL is lower (62%) after inhaled pen-
tamidine prophylaxis.

5. The most common diagnostic strategy is sputum analysis
with silver stain and immunofluorescence. Positive results
confirm PCP. Negative results should prompt BAL.

6. Other diagnostic tools being investigated include the
study of sputum, blood and nasal pharyngeal specimens
with polymerase chain reaction (PCR) and the measure-
ment of serum s-adenosylmethionine (which falls in
patients infected with PCP).

. Nonspecific diagnostic tests

1. Lactate dehydrogenase (LDH) is a nonspecific test; it is
elevated in 90% of cases, but specificity is low. Although
LDH can be helpful, some patients with PCP have normal
LDH levels.

2. High-resolution chest CT scan

a. Patchy or nodular ground-glass appearance; ground
glass most marked in perihilar regions. Cystic lesions
may be seen.

b. 100% sensitive, 83-89% specific
c. LR+, 59;LR—, 0
3. Pulmonary function tests

a. Carbon monoxide diffusing capacity of the lungs
(DLCO) is usually low in PCP and highly sensitive.

b. Likelihood of PCP is < 2% if DLCO is > 75% pre-
dicted.

Treatment
A. Antimicrobial therapy

1. Trimethoprim-sulfamethoxazole (TMP-SMX) is initial

treatment of choice.

2. Antibiotic therapy may markedly worsen preexistent
hypoxia. Many patients require concomitant glucocorti-
coids to prevent acute respiratory distress syndrome (see

below).

IV pentamidine and TMP-SMX have similar efficacy.
Occasional resistance to TMP-SMX has been reported.
Both TMP and pentamidine may cause hyperkalemia.
Patients allergic to TMP-SMX may be desensitized.

NN



7. Other options reserved for patients with mild to moderate

PCP infections include clindamycin plus primaquine,
dapsone plus TMP or atovaquone.

B. Glucocorticoids

\'g

1.

Reduce mortality and respiratory failure in patients with
severe PCP treated with TMP-SMX.

2. Initiate at time of PCP therapy if room air PaO, < 70 mm

Hg or the A-a gradient > 35 mm Hg.

3. Prednisone 40 mg twice daily for 5 days, then 40 mg daily

for 5 days, then 20 mg daily for 11 days.

Concomitant glucocorticoid therapy is lifesaving in
patients with PCP whose PaO, < 70 mm Hg.

C. Prophylaxis

1.

Indications
a. Prior PCP
b. CD4 counts < 200 cells/mcL

c. HIV-infected patients with unexplained persistent
fevers or oral candidiasis for more than 2 weeks

. TMP-SMX is superior to pentamidine and the drug of

choice. In addition, it is effective prophylaxis against tox-
oplasmosis and some bacterial infections.

. Significant adverse reactions are common with TMP-

SMX. Rash, fever, neutropenia, and hypotension may
necessitate discontinuation of TMP-SMX. Consultation
with an infectious disease specialist is recommended.

Dapsone, pentamidine, and atovaquone are alternative thera-
pies in patients intolerant of TMP-SMX. Some authorities
recommend screening patients for glucose 6-phosphate dehy-
drogenase (G6PD) deficiency prior to instituting dapsone.

. HAART can restore the CD4 count and allow for discon-

tinuation of prophylaxis when CD4 count > 200 cells/mcL
for approximately 3 months.

Alternative Diagnosis: TB

Textbook Presentation

TB pneumonia usually develops due to reactivation of latent
mycobacteria residing in the upper lobes. Symptoms are chronic
and include cough, fever, weight loss, and night sweats. By the
time patients seek medical attention, they have often had these
symptoms for weeks or months. The weight loss and duration of
symptoms often suggest cancer.

Disease Highlights

A.
B.

C.

Obligate acrobe has predilection for lung apices.

The organism is slow growing; the generation time is 12-18 hours,

resulting in slow progression.

Common and serious

1.

Infects 33% of the world’s population

2. 9 million new cases per year and 2 million deaths (worldwide)

. Epidemiology
1.

7% of US population is PPD positive.

2. Foreign-born persons have the highest rate of TB (9.7 times

higher than US-born persons) and account for 85% of
multidrug resistant TB (MDR-TB) in the United States.

\'g
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. Asians, blacks, and Hispanics have higher rates of TB than

whites (22.9, 8.3 and 7.4 times, respectively). Foreign-
born persons account for a majority of TB cases in Asians
and Hispanics but not blacks.

. 67% of cases occur in the nonwhite population.
. In the nonwhite population, the median age is 39. In

whites, the median age is 62.

. Reactivation TB accounts for 90% of TB in older patients

and 67% of TB in younger patients.

. High risk groups

a. HIV

(1) HIV-infected patients are at highest risk for TB
(200 times increased incidence).

(2) TB may be the first manifestation of HIV.

Patients with active or latent TB should be tested
for HIV.

(3) Extrapulmonary TB without pulmonary disease is
more common in patients with AIDS (30%) than

in those without AIDS (15%).

(4) In early HIV infection, TB is fairly typical. How-
ever, in advanced HIV infection, pulmonary TB is
much more often atypical.

b. Alcoholics
c. Other high-risk groups
(1) Foreign-born persons

(2) Immunosuppressed patients (including patients
taking corticosteroids)

(3) Patients with cancer, diabetes mellitus, end-stage
renal disease, transplants, or malnutrition

(4) PPD-positive patients

(5) Patients with evidence of prior TB on chest film
(6) Economically disadvantaged, inner city residents
(7) Nursing home residents

(8) Hispanics and African Americans

(9) Drug-dependent persons, homeless persons, prison
inmates

E. Pathophysiology

1.

2.

Inhaled organism lands in the middle and lower lobes (due
to increased ventilation).

Multiplies over next 3 weeks, spreads to hilar nodes and
often bloodstream.

. Organism lodges preferentially in areas of high PaO, (lung

apices, renal cortex, vertebrae).

. In 90% of patients, the immune system then contains the

organism resulting in typical scarring (Ghon complex).
However, the chest film can be normal.

. Above sequence usually asymptomatic.

. In some patients a few viable organisms remain. This is

referred to as latent TB infection (LTBI). Latent TB can
reactivate later (reactivation TB).

. The PPD is positive 6-8 weeks after the initial infection.

These patients are resistant to subsequent exogenous
infection.
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8. Primary TB

a. In approximately 10% of patients (higher in immuno-
compromised patients and children), the initial infec-
tion is not controlled and causes primary TB.

b. Primary TB accounts for 23-34% of adult cases.

c. Chest radiograph shows patchy lower lobe pneumonia.
(1) Disease is usually unilateral.
(2) Lymphadenopathy is seen in 10-65% of adults.

(3) Often occurs in those unable to mount a sensitized
macrophage response.

(4) PPD may be negative in these patients.

(5) Most cases of primary TB resolve spontancously
without treatment.

(6) Pneumonia progresses without treatment in 15%
of patients.

9. Reactivation TB

a. 3-5% of patients with ITBI experience reactivation
due to declining immune function

b. Reactivation TB results in 90% of adult non—-AIDS-
related TB.

c. 71% of cases occur in foreign-born patients

d. Symptoms are usually insidious and include chronic
cough, weight loss, night sweats, anorexia, and low or

high-grade fevers.
e. Reactivation TB progresses unless patient is treated.

10. Pleural TB takes 2 forms: tuberculous empyema and
tuberculous pleural effusions.

a. Tuberculous empyema

(1) Secondary to direct infection of pleural space (often
from rupture of neighboring tuberculous cavity)

(2) Rare

(3) Pleural fluid characterized by pus and numerous
TB organisms

b. Tuberculous effusions

(1) Tuberculous effusions result from a delayed hyper-
sensitivity reaction to mycobacterial antigens in
the pleural space.

(2) Usually due to reactivation in adults (75%)

(3) Typical features include acute high fever, cough
(94%), and pleuritic chest pain (78%).

(4) Chest radiograph shows unilateral effusion in 95%
of cases. Parenchymal infiltrate is seen in 50% of
cases.

(5) Effusion usually exudative (see below)
(6) PPD is usually positive (69-93%).

11. Extrapulmonary TB may involve the spine, kidney, peri-
cardium, and CNS.

Evidence-Based Diagnosis
A. History
1. Only 31-62% of patients with TB have fever.

2. 50% of patients with TB have fever and night sweats or
night sweats alone.

3. Cough was present for more than 1 month in 70% of patients
and may be mild, nonproductive, purulent, or bloody.

4. Hemoptysis develops in 24% of patients with tubercu-
lous pneumonia compared with 15% of those with CAP

(LR+ 1.6).

5. 33% of TB cases are diagnosed after admission for an
unrelated complaint.

Patients with TB may complain primarily of night
sweats and weight loss and have a normal lung
exam. Pulmonary TB still needs to be considered in
such patients.

6. Symptoms and risk factors for disease tend to vary
between older patients who often have reactivation TB
and younger patients in whom primary TB is more com-
mon. Compared with older patients, younger patients
have a higher incidence of alcoholism (66% vs 37%). In
addition, younger patients more frequently have fever
(62% vs 31%), night sweats (48% vs 6%), and hemopty-
sis (40% vs 17%).

B. PPD

Immune response to 0.1 mL intradermal PPD

Turns positive 4—7 weeks after primary infection

W=

Test results are determined by measuring the maximal
diameter of induration (not redness).

b

Maximal induration occurs 48-72 hours after injection.

b

Table 9-5 lists the criteria for a positive reaction.

6. Significant reaction suggests prior infection, not necessar-
ily active disease. Patients with positive tests who do not
have active TB are classified as having LTBI.

7. Sensitivity (for active TB) 70-80%

a. Primary TB: PPD is often negative

b. Reactivation TB: PPD is positive in 80% of cases
c. Tuberculous pleurisy: PPD usually positive
d

. AIDS patients with TB: PPD is positive in 50% of
cases

v A negative PPD does 7ot rule out active TB.

8. Specificity 98-99% but lower in patients who received
bacillus Calmette-Guérin (BCG) vaccination after infancy

9. Interferon 7y assays can also suggest LTBI or active TB
infection and are more accurate in previously vaccinated
patients (see below).

10. Annual PPD

a. Useful to determine whether patient has recently con-
verted

b. Recent converters are at higher risk for developing
active TB

c. Conversion defined as increase in induration of > 10
mm

d. Therapy is indicated for patients who have recently
converted due to high risk of developing active TB.

e. Indications for annual PPD
(1) HIV infection
(2) Health care workers



Table 9-5. Criteria for a positive PPD test.

Diameter
of Induration Population

>5mm Patients with marked impaired immune response
or high pretest probability
HIV infection
Immunosuppressed patients’
Close contacts with persons with infectious TB
Chest radiograph consistent with prior TB2

>10 mm Patients with modest impaired immunity
of moderate pretest probability

Medical condition that carry an increased risk
of active TB in patients with latent TB infection3
Foreign born persons arriving from high
prevalence area within 5 years
Injection drug abuse
Homeless persons
Residents and staff of long-term care facilities
(including prisons, shelters, nursing homes)
Health care workers
Children younger than 4 years
Recent PPD converters (within 2 year period)

>15mm Patients with normal immunity and low pretest
probability
All others*

'Equivalent to > |5 mg of prednisone per day > | month, recipient of tumor
necrosis factor (TNF)-at inhibitors, organ transplant recipients.

2Chest radiographic findings suggestive of tuberculosis (TB) include fibrotic
opacities occupying more than 2 cm of upper lobe; pleural thickening or isolated
granuloma suggestive of TB.

3End-stage renal disease, malnutrition (or > 10% loss of ideal body weight), dia-
betes mellitus, lymphoma, leukemia, carcinoma of head, neck or lung, silicosis,
gastrectomy or jejunoileal bypass.

4These patients should not be screened.

Adapted, with permission, from Jasmer RM et al. Latent tuberculosis infec-
tion. N Engl J Med. 2002;347:1860-66. Copyright © 2002. Massachusetts
Medical Society. All rights reserved.

(3) Correctional facility workers
(4) Residents in long-term care facilities

(5) Medical conditions that carry an increased risk of
active TB (see above)

(6) Homeless persons
11. Indications for single PPD test
a. Clinical suspicion of active TB

b. Immigrants from high-incidence areas (eg, Africa, Asia,
Latin America)

c. Status post exposure to TB
d. Fibrotic lung lesion
12. Effect of BCG on PPD
a. Vaccine used in some countries to prevent TB

b. BCG has some similarities to PPD and may cause
false-positive PPD reactions
(1) False-positive PPD reactions (= 10 mm) are rare in
adults who received BCG in infancy (=1%)

(2) However, false-positives are more common in
BCG recipients who were vaccinated 2 2 years of

COUGH AND CONGESTION / 159

age (40%). False-positive PPDs remained common
in this group even more than 10 years later (20%).

13. Booster phenomenon

2.

a. In patients with latent TB, the PPD may revert to neg-
ative many years after infection.

b. In such patients, the initial PPD may be negative but
stimulate immune memory cells such that subsequent
PPD tests may be positive.

c. Subsequent positive tests may be misinterpreted as
recent conversion.

d. Misinterpretation can be avoided by performing the 2-
step skin tests in patients scheduled for annual PPD.

e. Patients with initial negative PPD are retested 1 week
later.

(1) Padent in whom the second PPD test is positive
should be treated as though the first test was positive.

(2) Patients in whom the second PPD test is negative are
truly negative. Any future positive reactions in these
patients should be considered recent conversions.

. Interferon 7 assays
1.

Lymphocytes from patients with LTBI or active TB pro-
duce interferon y when exposed to TB antigens.

Blood tests have been recently developed that expose the
patient’s lymphocytes to highly specific TB antigens (not
shared with BCG or most non-tuberculous mycobacteria)
and measure the production of interferon Y by the patient’s
lymphocytes.

. These tests are highly specific for active or latent TB

infection.

a. Prior BCG vaccination and infection with non-
tuberculous mycobacteria do not cause false-positive
reactions that might be seen with PPD.

b. A recent meta-analysis summarized the sensitivity and
specificity of these tests (and PPD) in patients with
and without prior BCG vaccination and is shown in

Table 9-6.

c. Interferon 7y assays are markedly superior to the PPD in
patients with prior BCG vaccination LR+ > 10 versus
1.9, respectively.

. Positive results confirm either active or latent TB.
. Dositive results do not distinguish active TB from LTBI. In

patients with pneumonia, a positive result could be due to
active TB, or non-tuberculous pneumonia (ie, streptococ-
cal) in a patient with latent TB.

. Negative tests decrease the likelihood of TB infection but

are not sufficiently sensitive to rule out active TB when the
clinical suspicion is high (LR~ 0.13-0.25).

. One paper suggested the likelihood of TB was very low in

patients with both a negative PPD and a negative inter-
feron 7 assay (LR—0.02-0.04). If confirmed in other stud-
ies, this could be used to rule out TB.

. Interferon assays are more sensitive to TB infections in

immunocompromised patients (ie, HIV infection) and in
patients with active TB.

. When used for the evaluation of latent TB, patients with

positive results on interferon 7 assays are more likely to
develop active TB (if left untreated) than patients with a
positive PPD (14.6% vs 2.3%).
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Table 9-6. Characteristics of various TB tests in patients
with and without prior BCG vaccination.

Table 9-7. Sensitivity of test according to the number of
sputum specimens sent to the laboratory.

Test Sensitivity Specificity LR+ LR- Sensitivity
Patients without prior BCG vaccination Number of Culture Sputum
Speci Al Stain Al Eith
QuantiFERON-TB 78% 99% 78 022 ot one ain fone her
1 79% 58% 81%

QuantiFERON-TB 70% 99% 70 03 : : >
Gold In-Tube 2 96% 82% 97%
T-SPOT.TB 90% 93% 12.9 0.1 3 99% 93% 99%

> <700 0, 1
PPD > 1322;202 7% 256 0.24 Reprinted, with permission, from Scott B. Early identification and isolation of

;Smm'éO% inpatients at high risk for tuberculosis. Arch Intern Med. 1994;154:326-30.
Patients with prior BCG Vaccination
QuantiFERON-TB 78% 96% 19.5 0.23

f. The chest radiograph in HIV-positive patients is often
1 _ 0, 0,
gg%nm:.%sgg T8 70% 96% 175 031 atypical (see Chapter 5, HIV/AIDS).
S— . : 2. AFB stain and culture
Bl 0% 93% 129 oM a. Culture is the gold standard and is specific.

PPD 2>1150 mr.1'\7:370(/)% 59% 192 0.39 b. Sensitivity depends on the number of specimens

s mmrﬁ' 80‘(% (Table 9-7).

ICalculated using an average sensitivity of PPD of 77%.
2Calculated using an average sensitivity of PPD of 77%.

10. In addition to the higher specificity and sensitivity of
these assays over PPD, they have the added advantage of
not requiring a return visit by the patient to have the test
read, and do not require the expertise of an intradermal
injection or reading. The CDC has recommended that
interferon assays replace PPD for the diagnosis of active
and latent TB infections.

D. Diagnosis of active TB

1. Chest x-ray and clinical features on admission

a.

The chest radiograph in TB usually presents in 1 of 3
patterns: apical disease, cavitary disease, or reticular
nodular pattern. Such patterns are consistent with TB.

(1) Sensitivity, 86%; specificity, 83%
(2) LR+, 5.0; LR—, 0.16

TB should be considered in patients with apical,
cavitary, or reticulonodular patterns on chest radi-
ograph. TB is unlikely if none of these features are
present.

. Cavitation is seen in 19-50% of cases (OR for TB

3.9). The walls are usually thick and irregular. Air-fluid
levels are rare and may indicate anaerobic abscess or
superinfection.

. Endobronchial spread may result in nodular disease

that clusters in the dependent portion of the lung.

. Calcification can be seen in active lesions. Demon-

strating stability requires comparison of prior films.

. 5% of patients with reactivation pulmonary TB have

normal chest radiographs.

o

. Patients with positive smears are more infectious that

patients who are culture positive but have negative
smears; 35% of family members of persons with posi-
tive smears are PPD positive compared with 9% of
family members when patients are smear negative.

. Other mycobacteria may lead to false-positive smears.
. Specific nucleic amplification tests of sputum for TB

RNA or DNA are specific for TB and can help distin-
guish TB from other mycobacteria.

(1) Helps distinguish TB from Mycobacterium avium
complex (MAC) or commensual organisms that
are also acid-fast positive.

(2) Primarily used when AFB stains positive
(3) Particularly useful if suspicion of TB is low

(a) Positive rapid tests help confirm TB, negative
tests make TB less likely

(b) 95% sensitive and specific in this situation

(4) May also be useful when clinical suspicion is high
and smear is negative

(a) Rapid tests reported to be 53% sensitive, 93%
specific.

(b) Positive tests suggest TB.
() Cultures still required to test drug suscepti-
bility
(5) A diagnostic algorithm for TB is shown in Figure 9-1.

3. BAL

e~ o0 o

€.

. Smears: 38% sensitive, 100% specific

. Culture or smear: 74% sensitive, 75% specific

Comparable to data for a single induced sputum

. Not routine or superior to induced sputums

Use when induced sputums are unavailable.

E. Tuberculous pleurisy with effusion

1. Typical pleural fluid findings

a.

Exudative effusion



Negative

diagnostic

Negative

area)

Evaluate probability of TB:
1. Typical chest radiograph
(apical or cavitary)
2. Risk factors:
(IVDA or endemic

-l

High clinical suspicion

Blood culture, sputum
AFB smear and culture,
urine culture, PPD,
chest radiograph

Positive

Rapid Positive Culture and

Positive

i}

test treat

bronchoscopy

Consider

Figure 9-1. Diagnostic approach:TB.

Pleural fluid glucose variable

Pleural fluid pH always < 7.4

WBC 1000-6000 cells/mcL with neutrophilic pre-
dominance early and lymphocytic predominance later.

Pleural fluid eosinophils > 10% suggests alternative
diagnosis (unless prior thoracentesis).

o

. Sensitivity of tests for diagnosis of tuberculous pleurisy

a. Pleural fluid culture, < 30%

b. Pleural biopsy culture, 40-80%

c. Pleural biopsy histology (caseating granulomas),
50-97%

d. Histology and pleural tissue culture > 60-95%

e. Sputum culture, 20-50%

3. Adenosine deaminase: Utility unclear due to different cut

points and different isoenzymes.

4. Pleural fluid interferon y 89% sensitive, 97% specific

Treatment

A. Isolation

1. Only 1% of all patients tested for TB are proven to have
TB. Consider isolation of hospitalized patients with upper
lobe, cavitary, or reticulonodular disease.

3.
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Positive Negative
Rapid Negative
diagnostic g - Culture: and
test wait

. Highest risk of contagion among household contacts,

schoolmates, or other close contacts.

Patients with cavitary disease, HIV, or watery sputum have
the highest infectivity.

B. Principles of therapy

1.
2.
3.

Multi-drug resistance is a significant problem.
Precise drug recommendations evolve due to resistance.

Susceptibility testing is critical to ensure an appropriate
regimen is used.

. Premature discontinuation and nonadherence promotes

drug resistance and must be avoided. Direct observed
therapy (DOT) refers to treatment protocols where pub-
lic health officials directly observe patients swallow each
dose of medication (administered 2-3 times/week).
DOT is strongly recommended.

Due to the public health risks of MDR-TB, the responsi-
bility for prescribing appropriate therapy and ensuring
adherence rests on the public health program and clinician.

. Effective regimens require at least 2 drugs to which the

organism is susceptible.

. Effective therapy takes many months.
. TB therapy in HIV-infected patients is complex due to

innumerable drug interactions with highly active antiretroviral
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therapy (HAART) and the need for differing regimens

depending on the degree of immunosuppression.

9. To determine the duration of therapy, all patients should
have monthly sputums smears analyzed for AFB stain and
culture until 2 consecutive sputum cultures are negative.

10. All patients should be seen monthly to assess symptoms,
side effects, and adherence to therapy.

11. Infectious disease consultation is advised.
C. Multidrug resistant TB (MDR-TB)

1. Defined as organisms that are resistant to isoniazid and
rifampin

2. Suspect MDR-TB in patients previously treated for TB, in
patients who are HIV positive, in close contacts of patients
with MDR-TB, and in patients who have not responded
to therapy.

. DOT should be used for patients with MDR-TB.
4. Surgery is occasionally used for patients with localized dis-

ease and persistently positive sputums. Antituberculous
therapy is continued.

»

5. Expert consultation is mandatory.
D. Treatment in patients at low risk for MDR-TB

1. Initate therapy with isoniazid, rifampin, pyrazinamide,
and ethambutol.

2. After 2 months, the regimen is simplified to isoniazid and
rifampin, if the organism is fully susceptible, for an addi-
tional 4 months.

3. Patients with cavitary TB who have positive sputum cul-
ture at 2 months should receive isoniazid and rifampin for
an additional 3 months (9 months of therapy altogether).

4. The median duration of fever after the institution of anti-
tuberculous drugs was 10 days but ranged from 1 to 109 days.
For patients with tuberculous effusion, resorption can take
4 months.

E. Pleural fluid drainage does not improve outcome in patients
with tuberculous effusions (nonempyema).

F. Latent TB

1. Definition of positive PPD test depends on the population
(see Table 9-5).

CASE RESOLUTION

o/

Fortunately, Mr. F’'s HIV result was negative. His PFD and
AFB smears were negative. On day 3 of his hospitaliza-
tion, he became agitated, tachycardic, and complained of
visual hallucinations. He was treated for delirium tremens
with high doses of IV benzodiazepines. By day b, he was
improving. He was afebrile and his appetite improved. He
was given a prescription for oral antibiotice and die-
charged to an outpatient alcohol treatment center.

Patients with a history of alcohol abuse must be mon-
itored for withdrawal during any hospitalization.

2. The patients with the highest priority for treatment of
latent TB include recent contacts of infectious TB,
patients with HIV infection, and recent immigrants from
high TB prevalence areas.

3. Prior to treatment for LTBI, active infection must be ruled
out with a careful history, physical exam, and chest radi-
ograph.

4. Expert consultation is recommended if exposure to drug-
resistant TB is likely.

5. Isoniazid
a. Drug most commonly used for latent TB

b. Dose is 300 mg/d for 9 months or 900 mg twice a
week with DOT.

c. Side effects
(1) Hepatitis
(a) Reported incidence is 0.1-2.3%
(b) Incidence may be higher in older patients.

(c) Alcohol consumption is the most important
risk factor for isoniazid hepatitis. Patients who
are taking isoniazid should avoid drinking
alcohol.

(d) Monitoring monthly for c/inical symptoms of
hepatitis

(e) Obtain baseline and monthly liver function
tests in patients with risk factors for hepatitis
(alcohol consumption, pregnant and postpar-
tum patients, HIV-infected patients, patients
with chronic liver disease or other hepatotoxic
medications).

(f) Repeat liver function tests in symptomatic
patients (right upper quadrant pain, anorexia,
or nausea)

(2) Peripheral neuropathy develops in 2% of patients
taking isoniazid and can be prevented with pyri-
doxine (10-25 mg/d).

6. Other options are available in patients with isoniazid-
resistant TB and in those intolerant of isoniazid.

REVIEW OF OTHER IMPORTANT
DISEASES

Influenza

Textbook Presentation

Although there is a wide range of severity of influenza symp-
toms, patients typically complain of a severe, febrile, respira-
tory illness that began abruptly. Complaints include an abrupt
onset (“like being hit by a train”), severe myalgias (even their
eyes hurt when they look around), diffuse pain (they may com-
plain that their hair or skin hurts), respiratory symptoms
(cough, rhinitis, pharyngitis), and fever that is often pro-
nounced and peaks within 12 hours (occasionally as high as
40-41°C). Influenza typically occurs between December and
May. Patients may have rigors (frankly shaking chills) and
headache (Figure 9-2).
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Days after onset of illnesses

Coryza*

Sore throat

Myalgia

™

Headache

Cough

N\

Anorexia

Malaise

/

Virus shed (log;q TCIDg0)
per mL of blood
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4.5

5.0

4.5

3.0 1.0

Serum antibody (HI) titer

<4

» gt

discharge from the nose.

f—Serum antibody titer was 64 at day 21.

*—Coryza is an acute inflammatory condition of the nasal mucous membranes with a profuse

Figure 9-2. The typical clinical course of influenza. (Reproduced with permission from Montalto NJ. An office-
based approach to influenza: Clinical diagnoses and laboratory testing. Am Fam Physician. 2003;67:111-18.
Copyright © 2003. American Academy of Family Physicians.)

Influenza is an unlikely diagnosis in the late spring,
summer, or early fall.

Disease Highlights
A. Pathogenesis

1. Influenza virus A or B infects respiratory epithelium.

2. Antigenic change in the virus surface glycoprotein (hemag-
glutinin or neuraminidase) renders populations susceptible to
the virus. Antigenic shifts are most common with influenza
virus A and are associated with epidemics. The pandemic of
1918 is believed responsible for 40 million deaths.

3. Adults are infectious from the day prior to the onset of
symptoms until about 5 days later (10 days in children).

4. The incubation period is 1-4 days.
B. Manifestations
1. History
a. Onset is sudden in 75% of cases.

b. Fever present in 51% of cases.

(1) Peaks within 12—24 hours of onset of illness
(2) Typically 38.0-40.0°C, occasionally 41.0°C
(3) Typical duration is 3 days but may last 1-5 days

High fever within 12-24 hours of symptom onset
is typical of influenza but not other viral respiratory
pathogens.

of influenza. When accompanied by cough, such a

v Fever that increases over several days is not typical

fever suggests bacterial pneumonia.

c. Prevalence of other symptoms in influenza
(1) Headache, 58-81%
(2) Cough, 48-94%
(3) Sore throat, 46-70%

(4) GI symptoms are not characteristic of influenza.
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Table 9-8. Comparison of features in influenza,
community-acquired pneumonia, and acute bronchitis.

Localized  Shortness
High Lung of
Infection Fever! Findings? Breath3 Season
Community Common Common Variable Anytime
acquired
pneumonia
Influenza Common Uncommon Uncommon* December-
May
Acute Uncommon Uncommon Uncommon  Anytime
bronchitis

'Indication for chest film (unless flu season and patient has normal lung exam).
ZFindings include crackles, dullness, bronchophony or egophony.

Al such findings indication for chest film.

3Indication for chest film.

4Unless influenza pneumonia.

Patients with significant diarrhea or vomiting
should be evaluated for an alternative diagnosis.

d. Symptoms help distinguish influenza from acute bron-
chitis or pneumonia (Table 9-8).

2. Crackles are seen in < 25% of patients.
C. Complications
1. Pneumonia
a. High-risk groups for pneumonia and death include

(1) Elderly. Influenza mortality rates are 200 times
greater in patients over age 65 than in patients
aged 0—49 years.

(2) HIV-infected patients also suffer a 100 times
increase in mortality.

(3) Other high-risk groups include patients with HF
and COPD; immunocompromised patients; preg-
nant patients; and patients with renal disease, dia-
betes mellitus, or hemoglobinopathies.

b. Two types of pneumonia are seen in influenza patients.
(1) Influenza pneumonia per se
(2) Posrinfluenza bacterial pneumonia

c. Influenza pneumonia
(1) Often develops within 1 day of onset of influenza

(2) Most frequent in patients with underlying car-
diopulmonary disease, diabetes, immunodeficiency
states, and pregnancy.

(3) Datients with influenza pneumonia complain of
shortness of breath more often than patients with
uncomplicated influenza (82% vs 17%).

Obtain a chest film in patients with influenza and
shortness of breath to rule out pneumonia.

(4) Associated with tachycardia, tachypnea, cyanosis,
and crackles on pulmonary exam

(5) Hypoxemia and leukocytosis may be seen

(6) Chest film shows bilateral or lobar pulmonary
infiltrates.

(7) 29% mortality

(8) Treatment
(a) Antiviral therapy
(b) Empiric antibacterial agents pending culture
(c) Oxygen

(d) Intubation, with positive end-expiratory
pressure as necessary

(e) Antibiotics should cover methicillin-resistant
S aureus in endemic regions.
d. Postinfluenza (secondary) bacterial pneumonia

(1) Suspect when initial improvement is followed by
worsening cough, purulent sputum, and increasing
fever.

(2) Among patients hospitalized for influenza pneu-
monia, 30% have concomitant bacterial pneumo-
nia caused by S aureus or S pneumoniae

(3) Chest film may show either bilateral or lobar infil-
trates.

(4) S pneumoniae is most common (29-48%).

(5) S awreus is next most common (7-40%), highly
destructive, and associated with significant inci-
dence of empyema and death.

(6) Haemaophilus and Moraxella may also cause sec-
ondary pneumonia.

2. Exacerbation of asthma or COPD

3. Less common complications include HF, myositis,
myocarditis, pericarditis, meningoencephalitis, Guillain-
Barré syndrome

Evidence-Based Diagnosis
A. History, physical exam, and vaccination status
1. Current prevalence of influenza helps determine risk

a. www.cdc.gov/flu/weekly/fluactivity.htm
b. 888/232-3228
2. Summary of findings and likelihood ratios is presented in

Table 9-9.

a. The negative likelihood ratios are modest, suggesting it
is difficult to rule out influenza clinically. The absence
of fever and cough helps decrease the likelihood of flu

in patients of all ages, but less so in patients > 60.

b. Fever and cough, particularly in older patients,
increases the likelihood of influenza.

c. A clinical prediction rule helps rule in influenza (fever
> 37.8°C with at least 2 of the following: headache,
myalgia, cough, or sore throat and symptom onset
within 48 hours. In addition, the rule requires at least
2 cases of confirmed influenza in the community).

B. Laboratory results
1. Confirmation is usually not required.

2. During influenza outbreaks, empiric therapy without lab-
oratory confirmation is appropriate in patients with typi-
cal symptoms, clear lung fields, and no history of vaccina-
tion who present within 48 hours of symptom onset.


www.cdc.gov/flu/weekly/fluactivity.htm

Table 9-9. Likelihood ratios for signs and symptoms in

influenza.
Patients: all ages Patients > 60y

Finding LR+ LR- LR+ LR-
Fever 1.8 0.40 38 0.72
Cough 1.1 042 20 0.57
Chills 1.1 0.68 2.6 0.66
Fever and cough 1.9 0.54 5.0 0.75
Fever and cough 2 0.54 54 0.77
and acute onset
Decision rule! 6.5 0.3
Vaccine history 0.63 1.1

ISee text.

3. Rapid testing is most appropriate in zoninfluenza periods.

a. Various methods are available including fluorescent anti-

body, reverse transcriptase PCR, enzyme immunoassays,
and others.

Sensitivity and specificity vary from test to test, source
of sample, duration of illness, and patient age.

(1) In general, the tests are highly specific (90-95%)
and help rule in influenza when positive (LR+
28.2).

(2) However, the tests are not terribly sensitive
(70=75%) and cannot rule out influenza (LR—0.7).

Nasopharyngeal swabs are more effective than throat
swab specimens.

4. Institutionalized patients are at higher risk for respiratory
syncytial virus, which can mimic influenza. Testing may be
useful in such patients.

Treatment

A. Prevention

1. Options include vaccination or chemoprophylaxis with
neuraminidase inhibitors.

2.

Trivalent inactivated influenza vaccine (TTV)

a.

b.

Prophylactic strategy of choice

IM vaccine uses inactivated (killed) viruses that are
currently prevalent.

Updated and administered annually.

50% fewer cases of influenza, associated pneumonia,
and hospitalizations

68% decrease in all cause mortality

. Contraindications

(1) Egg allergy

(2) Significant febrile illness at time of vaccination
(Patients may be vaccinated during mild non-
febrile upper respiratory tract infections.)

(3) History of Guillain-Barré syndrome following prior
vaccination
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g. Adverse effects

h.

a.

B S N

=

a.

(1) Soreness at injection site occurs in 10-64% of
patients

(2) No increase in systemic symptoms (compared with

placebo)

(3) Guillain-Barré may increase by 1 case per million
recipients.

(4) Upper respiratory tract infection symptoms are
not more common than placebo.

(5) TIV cannot cause influenza.
Indications
(1) Patients older than 50 years

(2) Patients with diabetes; cardiopulmonary disease
(including asthma, smokers); renal, hepatic or
hematologic disease (ie, sickle cell disease)

(3) Any individual wishing to reduce their chance of
influenza
(4) Residents of long-term care facilities

(5) Immunosuppression (including corticosteroid
use, HIV disease)

(6) Women who will be pregnant during flu season
(7) Health care personnel

(8) Employees or household members having con-
tact with high-risk groups (including vaccinating
contacts of children < 6 months)

(9) Neurologic disease that impairs handling of res-
piratory secretions

(10) Travelers to the Southern Hemisphere during
April to December can consider vaccination or
revaccination (if already vaccinated). Persons
traveling with organized groups from many parts
of the world can also consider vaccination.

. Live-attenuated intranasal vaccine (LAIV)

Uses live-attenuated strains administered intranasally
that replicate poorly in the warmer lower respiratory
tract.

Increases upper respiratory symptoms due to intranasal
viral replication. Compared with placebo, LAIV
increases nasal congestion (45% vs 27%) and sore throat
(28% vs 17%).

Persons vaccinated with LAIV can transmit the atten-
uated infection to other persons.

Should not be given to contacts of severely immuno-
suppressed individuals (ie, hematopoietic stem cell
recipients).

Approved for healthy nonpregnant persons 5—49 years
Updated and administered annually

Should not be given to patients with significant nasal
congestion that may impair delivery

Still under study in older adults
Contraindications include egg allergy, pregnancy, a
prior history of Guillain-Barré syndrome, or underly-

ing medical conditions that serve as an indication for
TIV.

. Chemoprophylaxis

Significantly more costly than vaccination
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b. Oseltamivir and zanamivir are neuraminidase
inhibitors active against influenza viruses A and B and
are usually highly effective as chemoprophylaxis.

c. Amantadine and rimantadine are not effective against

influenza B (and often not to influenza A) and should
not be used for chemoprophylaxis or treatment.

i

Indications for chemoprophylaxis:

(1) Persons at high risk (or those who come in contact
with such persons) who were vaccinated after expo-
sure to influenza (treat for 2 weeks after vaccination).

(2) Persons with immune deficiencies who are
unlikely to mount a response to vaccination (ie,
those with advanced HIV disease) could also
receive prophylaxis.

(3) Persons with contraindications to vaccination.

(4) Persons living in institutions during outbreaks (ie,
nursing homes) regardless of vaccination status.

B. Treatment of influenza
1. Zanamivir and oseltamivir
a. When given within 48 hours of symptom onset, they
reduce the symptom severity and the duration of symp-
toms approximately 1-2 days. Oseltamivir has also been
demonstrated to reduce the incidence of pneumonia.

b. Minimal to no benefit is seen when started > 2 days
after symptom onset.

c. Safety during pregnancy is unknown.

£

Studies suggest that empiric therapy is cost effective for
several groups.

€

Rapid influenza testing is recommended if prevalence
of influenza is low.

2. Oseltamivir

a. Route of administration is oral. Taking the drug with
food decreases nausea and vomiting, which occurs in

10% of patients.

b. Transient neuropsychiatric events have been recorded.
c

Reduce the dose by 50% if creatinine clearance < 30
mL/min.

d. Drug resistance

(1) A strain of influenza A (H1N1) was discovered to be
resistant to oseltamivir in the 2008—2009 season.

(2) The CDC has recommended combining oseltamivir
with rimantadine or using zanamivir alone for this
strain or if the influenza strain is unknown.

(3) Oseltamivir alone is reccommended for other strains
of influenza (influenza B or influneza A, H3N2).

3. Zanamivir

a. Route of administration is inhalation; can cause bron-
chospasm.

b. Not recommended in patients with asthma or COPD.
4, Indications for treatment

a. All people at high risk for complications in whom
influenza develops, regardless of their vaccination status

b. Persons with severe influenza

c. Consider for persons with influenza who wish to
shorten the duration of illness.
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Acute cough < 3 weeks duration
(with or without sputum)

Special
circumstances

Focal lung findings'
T >38°C2 HR > 100 bpm,
RR > 24 breaths per minute
Dyspnea
Elderly patient
Immunocompromised

Pneumonia unlikely
Treat symptomatically

Yes

Obtain
chest radiograph

Yes

Abnormal

COUGH AND CONGESTION /

See
Chapter 5,
HIV/AIDS

- See Figure 9-4

"Egophony, crackles, dullness to percussion

2Febrile patients very likely to have influenza may not require
a chest radiograph. (ie, those fulfilling all of the following:
influenza season, unvaccinated patient, maximum fever
within the first 24 hours, no dyspnea or focal findings).

Clinical judgment is required.

COPD, chronic obstructive pulmonary disease; HF, heart failure.

Figure 9-3. Diagnostic approach: acute cough and fever.
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Infiltrate on
chest radiograph

Yes

Y

1. Consider admission
2. Consider non-CAP
a. Aspiration
b. Tuberculosis
c. PCP

d. Chronic pneumoniaZ

Significant
fever and
crackles?

Y

Y

Y

No

Treat symptoms

Yes

1. Empiric antibiotics

2. Consider repeat chest film
after rehydration

3. Consider influenza
therapy in flu season

Admission?

Any of the following?

CURB-65 score > 13

Hypoxia

Shock

Pleural effusion

Confusion

Unable to tolerate oral intake

Unreliable social situation

Staphylococcus aureus
infection

Aspiration

1. Clinical Clues
Alcoholism, substance
abuse, altered mental
status, prior stroke

OR

2. Chest radiography
Air/fluid level

Tuberculosis

1. Clinical Clues

Cough or night sweats > 1 month,
known exposure, involuntary
weight loss, non response to
therapy for CAP, HIV risk factors

OR
2. Chest radiography

Any of the following: upper lobe
disease, cavitary lesion or,
reticulonodular pattern

Pneumocystis

1. Clinical Clues
(HIV risk factors)

OR

2. Chest radiography
Bilateral diffuse infiltrate

Y

Y

Y

Add anaerobic coverage

Isolate patient; Check IFY;
Send sputums for AFB

Check HIV, CD4 count

"Patients with respiratory failure or septic shock requiring vasopressors should be admitted directly to the ICU. IDSA also recommends
ICU admission for patients with 3 or more of the following: RR > 30, PaO,/FIO, < 250 mm Hg, multilobar infiltrates, confusion,
BUN > 20 mg/dL, leukopenia resulting from infection, thrombocytopenia, hypothermia or hypotension requiring aggressive fluid

resuscitation.

2Chronic: Consider fungal pneumonia and tuberculosis. Consider bronchoscopy.
3Curb-65 criteria: Confusion (to person, place or time), Uremia (BUN > 20 mg/dL), RR > 30 breaths per minute, Systolic BP < 90 mm Hg
or diastolic BP < 60 mm Hg, age > 65.

AFB, acid-fast bacilli; CAP, community-acquired pneumonia; IDSA, infectious diseases society of America; PCP, pneumocystis
pneumonia; TX algorithm-expansion of abbrev.

Figure 9-4. Response to the results of the CXR in patients with cough and fever.
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| have a patient with delirium or dementia.
How do | determine the cause?

A. Delirium
1. Metabolic

CHIEF COMPLAINT

PATIENT W

Mr. B is a previously healthy 70-year-old man who under-
went right upper lobectomy for localized squamous cell
lung cancer 5 days ago. On morning rounds, he comments
that he is in a military barracks and that he is ready to
go home.

\

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS

Delirium and dementia are both syndromes of neurologic dys-
function. Both present as a “change in mental status.” Their sim-
ilarities end here. Whereas delirium is acute, usually reversible and
nearly always has an underlying, non-neurologic etiology, demen-
tia is chronic and seldom reversible. The definitions of these syn-
dromes, as included in the DSM-IV-TR follow:

A. Delirium

1. Disturbance of consciousness with reduced ability to
focus, sustain, or shift attention.

What is the differential diagnosis of delirium
and dementia? How would you frame the dif-
ferential?

2. Cognitive change that is not better explained by dementia.

3. Symptoms develop rapidly (hours to days) and tend to
vary during the day.

4. History, physical exam, or laboratory data suggest that a
general medical condition has directly caused the condition.

B. Dementia

1. Impaired memory plus at least 1 of the following:
a. Aphasia (inability to produce or comprehend language)
b. Apraxia (inability to execute purposeful movements)
c. Agnosia (inability to recognize objects by feel)
d. Impaired executive functioning (eg, abstracting and

organizing)

2. Symptoms must also impair work, social, or personal

functioning.

Because any illness can cause delirium in a susceptible patient, the
differential diagnosis of delirium is long and needs to consider a
broad range of illnesses, comorbidities, and medication effects.
The differential diagnosis of dementia is more finite; disorders
have been listed in order of their approximate prevalence as etio-
logic factors.
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a. Dehydration

. Electrolyte abnormalities

. Hyperglycemia or hypoglycemia
. Acidosis or alkalosis

Liver disease

Hypoxia or hypercarbia

. Uncontrolled thyroid disease

=g ™o o0 o

. Azotemia

i. Thiamine deficiency (Wernicke encephalopathy)
. Infectious disease

a. CNS infection
b. Systemic infection of any kind
c. HIV

. Cerebrovascular event

a. Ischemic stroke
b. Hemorrhagic stroke
c. Vasculitis

. CNS mass

a. Tumor

b. Subdural hematoma

. Cardiovascular

a. Myocardial infarction
b. Heart failure
c. Arrhythmia

. Drugs

. Alcohol withdrawal
. Diuretics

. Anticholinergics

. Corticosteroids
Digoxin
. Opioids

. Antidepressants

e e a0 T

i. Anxiolytics

. Miscellaneous

a. Fecal impaction

b. Urinary retention
c. Sensory deprivation
c

. Severe illness

. Nonsteroidal antiinflammatory drugs
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B. Dementia
1. Alzheimer dementia
. Dementia with Lewy bodies
. Vascular dementia
. Frontotemporal dementia
. Alcohol-related

. Uncommon dementias

[ NAYANN. NS I )

a. Subdural hematoma
b. Hypothyroid
c. Vitamin B,, deficient
d. Infectious

(1) Syphilis

(2) Prion disease

e. Normal-pressure hydrocephalus

Almost any illness can cause delirium in a suscepti-
ble patient.

\

Mr. B was previously healthy with only mild chronic
obstructive pulmonary disease. His surgery went well but
was complicated by transient hypotension and excessive
blood loss. He was extubated on postoperative day 3. On
postoperative day 4, his wife noted some confusion. The
medical team did not detect any abnormalities when
they evaluated him.

Today, postoperative day 5, he is more confused. He is
oriented only to person. He is unable to answer any min-
imally complicated questions.

what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

V At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Based on his history, Mr. B’s subacute mental status change
appears to fulfill the definition of delirium. The pivotal points are
that his symptoms seem to vary, he is disoriented, and he is inat-
tentive. He certainly has many potential causes of delirium.
Although Mr. B does not have a history of alcohol abuse, alcohol
withdrawal is always a possible diagnosis for acute mental status
changes in the hospital and should not be missed. Stroke and
seizure, although commonly considered in the differential diagno-
sis of mental status change, are rare causes of delirium. Table 10-1
lists the differential diagnosis.

\

On physical exam, Mr. B is lying in bed. He is irritable and
somewhat hypervigilant, becoming frustrated during

Table 10-1. Diagnostic hypotheses for Mr. B.

Diagnostic

Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Delirium caused Subacute onset and Confusion

by postsurgical fluctuating course Assessment Method
state, fluid and Basic metabolic panel
electrolyte Pulse oximetry/ABG
abnormalities, Urinalysis

hypoxia or ECG

hypercarbia, Review of medications

medications, or
cardiac ischemia

Active Alternative—Must Not Miss

Delirium caused  History of alcohol Clinical diagnosis

by alcohol use
withdrawal Predictable
syndrome with

systemic and
neurologic symptoms

Other Alternative

Delirium caused ~ Focal neurologic exam  Rarely needed

by stroke, Seizure activity (see text)
seizure, Fever or CNS imaging
or meningitis meningismus EEG

Lumbar puncture

questioning. His vital signs are temperature, 37.0°C; BF,
146/90 mm Hg; pulse, 80 bpm; RR, 1& breaths per
minute. General physical exam reveals a healing surgical
scar, normal lung, heart, and abdominal exam. On neuro-
logic exam, he scores a 3 out of 4 on the confusion
assessment method. The remainder of the neurologic
exam is normal.

Initial laboratory data, including basic metabolic panel,
liver function tests (LFTs), and urinalysis, are hormal.

Is the clinical information sufficient to make
‘ a diagnosis? If not, what other information
v

do you need?

Leading Hypothesis: Delirium

Textbook Presentation

Delirium commonly manifests as inattention and confusion (often
referred to as mental status change). It is usually seen in older
patients with severe illness. Clouding of consciousness has classi-
cally been used to describe a patient’s symptoms.

Disease Highlights

A. Almost any illness can present as delirium in a susceptible
patient.

B. Delirium often complicates medical or surgical hospitalizations.



C. The most important clue to delirium is the acuity of onset
and fluctuation in course.

D. It is most common in older persons and in patients with
underlying neurologic disease.

There is always a cause of delirium. Clinicians must
recognize delirium and identify the cause.

E. Several diseases are more likely to cause delirium than others.

1.
2.
3.

4.
5.

Severe illness
Drug toxicity

Fluid and electrolyte disturbances (hyponatremia and
azotemia)

Infections

Hypothermia or hyperthermia

E. Delirium is very common in sick, hospitalized patients over

the age of 65.

1.
2.
3.

10% of emergency department patients
12-25% of medical patients

20-50% of surgical patients (highest in patients after hip
replacement)

Assume that a sick, older patient, with an acute
deterioration in mental status is delirious until
proved otherwise.

G. The prognosis of delirium is poor.

1.

Although studies provided mixed data as to whether there
are mortality differences when patients with delirium are
compared with matched controls, patients in whom delir-
ium develops will have worse functional status and less
independence at discharge.

. Patients with dementia and delirium have the worst

prognosis.

. Delirium can also persist. Many studies show that most

patients in whom delirium develops have at least some
persistent symptoms at discharge that may continue to be
present months later.

Only in a small percentage of patients will delirium
resolve completely with cure of the underlying dis-
ease or returning home.

H. Delirium can occasionally “unmask” an underlying dementia.
This occurs when a patient with a mild, undiagnosed demen-
tia becomes delirious in the hospital and is evaluated more
fully for cognitive impairment after recovery.

Evidence-Based Diagnosis

A. Pretest probability

1.

2.

Predictors of delirium have been identified in various

studies. These help provide pretest probabilities.

One study developed a model to determine a patient’s risk
of delirium developing while in the hospital. Predictors

included:
a. Vision impairment
b. Severe illness

3.

4.

3.
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c. Cognitive impairment

d. High BUN/creatinine ratio

In a patient population with a mean age of 78, the num-
ber of risk factors present correlated with the risk of devel-
oping delirium.

a. No risk factors: 3% chance of delirium developing.

b. 1 or 2 risk factors: 14% chance of delirium developing.
c. 3 or 4 risk factors: 26% chance of delirium developing.

Several predictors from another study, with ORs for asso-
ciation with delirium, are listed in Table 10-2.

Consider a patient’s risk for delirium upon hospital
admission; a prior identification potentially lessens
the likelihood of delirium and promotes a more
appropriate response if it does.

. Diagnosis
1.
2.

Doctors are generally not very good at recognizing delirium.
A routine exam is very specific but not very sensitive for
the diagnosis of delirium.

The confusion assessment method (CAM) is one of the

best-validated and most widely used tools for diagnosing
delirium.

. The CAM is considered positive when a patient fulfills cri-

teria a and b and either c or d:
a. Acute onset and fluctuating course

(1) Is there evidence of an acute change in mental sta-
tus from the patient’s baseline?

(2) Does the behavior fluctuate during the day?

b. Inattention: Does the patient have difficulty focusing
his or her attention (is the patient easily distracted or
have trouble following the conversation)?

c. Disorganized thinking: Is the patient’s thinking disor-
ganized or incoherent (such as rambling or irrelevant
conversation, unclear or illogical flow of ideas, or unpre-
dictable switching from subject to subject)?

d. Altered level of consciousness: Anything other than
alert (vigilant, lethargic, stupor)

Table 10-2. Predictors for delirium.

Predictor Odds Ratio
Abnormal sodium level 6.2
Severe illness 59
Chronic cognitive impairment 53
Hypothermia or hyperthermia 5.0
Moderate illness 40
Psychoactive drug use 39
Azotemia 29

Modified from Francis J, Martin D, Kapoor WN. A prospective study of delir-
ium in hospitalized elderly. JAMA. 1990;263:1097-1101. Copyright ©
1990, American Medical Association. All rights reserved.
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Table 10-3. Test characteristics for the CAM and
emergency department evaluation in the diagnosis of
delirium.

Criteria Sensitivity  Specificity LR+ LR-
Evaluation in 17-35 98-100 8.5 0.65-0.85
emergency

department

CAM 94-100 90-95 94-20  0.00-0.07

CAM, Confusion Assessment Method.

When using the CAM, make use of information
from family members and medical staff; do not rely
on a single mental status exam.

5. Table 10-3 compares the test characteristics of the CAM
with those from a routine evaluation in the emergency
department.

6. A positive CAM is essentially diagnostic of delirium.

C. Etiology

1. Common causes

a. The search for a cause of delirium involves a review of
the most common causes of delirium.

b. Repeat a full physical exam, focusing on sources of
infection.

c. Review medications in detail, including reconciling
home and hospital medication to ensure that psy-
choactive medications have not been inadvertently dis-
continued (eg, benzodiazepines, opioids).

Medication toxicity, even at therapeutic doses, is a
common cause of delirium and is particularly com-
mon in older patients. Review all medications,
especially psychoactive ones.

d. Always order basic laboratory tests, such as a CBC,
basic metabolic panel, LETs, and urinalysis.

e. Consider other tests (based on the clinical situation)
such as ECG, chest radiograph, pulse oximetry (with
ABG if the patient is at risk for CO, retention), and
blood and urine cultures.

2. Uncommon causes

a. A common question when evaluating a patient with
delirium is: If the initial work-up is negative, is it rea-
sonable to assume the delirium is related to the acute ill-
ness or should the patient be assessed for diseases that
directly affect the CNS (eg, stroke, seizure, and menin-
gitis or encephalitis)?

(1) Stroke

(@) Very rare cause of delirium

(b) A very good study has only about 7% of cases
of delirium caused by stroke.

() 97% of these patients had focal abnormalities
on a careful neurologic exam.

(2) Seizure

(a) Nonconvulsive seizures, such as temporal lobe
epilepsy, are usually recognized by their inter-
mittent nature.

(b) Nonconvulsive status epilepticus is very rare
but is a potential cause of mental status consis-
tent with severe delirium. Patients with non-
convulsive status epilepticus almost always
have risk factors for seizures or abnormal eye
movements, defined as eye jerking, hippus
(unprovoked changes in pupil size), repeated
blinking, and persistent eye deviation.

(3) Meningitis: Fever and mental status change may
be the only presenting symptoms.

b. In the work-up of delirium, consider neuroimaging,
EEG, and lumbar puncture only in certain conditions.
(1) Neuroimaging is only necessary if delirium is

associated with a focal neurologic exam or if there
is a very high suspicion of a cerebrovascular event.

(2) EEG is only necessary if there is no other explana-
tion for delirium and the patient has either risk
factors for, or signs of, seizures.

(3) Lumbar puncture is only necessary if there is fever
with no other source or a suspicion for a CNS
infection.

Treatment

A. Prevention

1. Because of the poor prognosis of delirium, prevention is
the goal.

2. Multidisciplinary interventions have been shown to pre-
vent delirium. One study demonstrated a decrease in the
rate of delirium from 15% to 9.9% (number needed to
treat = 20).

3. The intervention addressed the risk factors in the follow-
ing ways:

a. Cognitive impairment: Repeated orientation of the
patient and performance of cognitively stimulating activ-
ity (eg, discussion of current events).

b. Sleep deprivation: Noise reduction and minimizing of
nighttime activities.

c. Immobility: Early mobilization.

d. Visual and hearing impairment: Visual and hearing
aids as well as adaptive devices.

e. Dehydration: Aggressive volume repletion.

B. Treatment

1. Once delirium occurs, the causes must be addressed and
then supportive measures must be instituted.

a. Administer fluids to prevent dehydration.
b. Avoid sleep deprivation.

c. Provide quiet environment.

d. Keep nighttime awakenings to a minimum.
e. Protect from falls or self-inflicted injury.

(1) “Sitters” are preferable to restraints as the latter can
increase the risk of physical injury.

(2) Sitters can also provide constant reorientation and
reassurance.



(3) Occasionally, medications such as low doses of
neuroleptics can be used for sedation. Long-term
use should be avoided whenever possible.

MAKING A DIAGNOSIS

\

Review of Mr. B's medication list revealed that 0.5 mg
doses of lorazepam ordered to be given as needed, were
being given every & hours. Laboratory data was normal
with the exception of an ABG: 7.26/46/70.
Have you crossed a diagnostic threshold for
‘ the leading hypothesis, delirium? Have you
ruled out the active alternatives? Do other
tests need to be done to exclude the alter-
native diaghoses?

By CAM criteria, Mr. B is clearly delirious. He has recently under-
gone a major surgery, he is taking medications known to cause
delirium, and he is found to be hypoxic. Despite his intraopera-
tive blood loss and hypotension there are no signs of a stroke, car-
diac ischemia, heart failure, or anemia.

Alternative Diagnosis: Alcohol Withdrawal

Textbook Presentation

A typical presentation of inpatient alcohol withdrawal is the devel-
opment of agitation, hypertension, and tachycardia in a patient dur-
ing the first 2 days after hospital admission. Seizures may soon fol-
low with delusions and delirium occurring during the first 3-5 days.

Disease Highlights

A. Symptoms of alcohol withdrawal are stereotypical, occurring
on a predictable time line as outlined in Figure 10-1.

B. The predominant symptoms of minor withdrawal are irri-
tability, hypertension, and tachycardia.

C. Alcoholic hallucinosis is a syndrome of hallucinations, usually
visual, with a clear sensorium that makes this easily distin-
guishable from delirium.

D. Major withdrawal is synonymous with delirium tremens.
1. Occurs in patients with history of severe alcohol abuse.

2. Confusion, disorientation, and autonomic hyperactivity
are the hallmarks of this disorder.
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3. Delirium tremens can be fatal if the patient does not
receive appropriate supportive care.

E. Wernicke encephalopathy

1. Wernicke encephalopathy is not an alcohol withdrawal
syndrome but is caused by thiamine deficiency.

2. Alcohol abuse is the most common cause of thiamine
deficiency.

3. Symptoms include the triad of confusion, disorders of
ocular movement, and ataxia. The confusion commonly
manifests as disorientation and indifference.

4. Korsakoff syndrome is the chronic form of Wernicke
encephalopathy. Korsakoff syndrome presents with mem-
ory problems and resulting confabulation.

Evidence-Based Diagnosis

A. Delirium tremens and Wernicke encephalopathy are the
alcohol-related syndromes most likely to be confused with
nonalcohol-related delirium. Various features clearly differenti-
ate these syndromes.

B. Wernicke encephalopathy

1. Generally requires long-term alcohol abuse. (Rare cases of
Wernicke encephalopathy with hyperemesis gravidarum
or after bariatric surgery do occur.)

2. Itis important to recognize that Wernicke encephalopathy
usually presents with only one or two of the features of the
classic triad.

3. Fluctuation that characterizes nonalcohol-related delirium
is absent.

C. Delirium tremens

1. Always preceded by minor withdrawal.

2. Minor withdrawal is sometimes overlooked in the hospital
if a patient is critically ill, sedated, or anesthetized.

W

. History of heavy alcohol use required.

4. Adrenergic overactivity always present unless masked by
medications.

a. Hypertension
b. Tachycardia
c. Fever

D. The diagnoses of delirium tremens and Wernicke encephalopa-
thy are clinical. They are based on suggestive clinical signs in
the setting of a history of alcohol use. An appropriate response
to treatment is helpful. There are specific MRI findings that are
seen in Wernicke encephalopathy.

0 hours 12 hours

24 hours

36 hours 48 hours

}47 Seizures ——————
}4— Minor withdrawal ———#
}4— Alcohol hallucinosis ————— =

= Major withdrawal ———————— -5~

Figure 10-1. Symptoms of alcohol withdrawal. (Reproduced from Virtual Naval Hospital. A Digital Library of
Naval Medicine and Military Medicine. http://Awww.vnh.org/)


http://www.vnh.org/
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Every patient should have an alcohol history taken (b) Careful monitoring is still required to avoid
on admission. If a clinical syndrome suggestive of undertreatment or oversedation.
alcohol withdrawal occurs in a patient who denied (c) Fixed-schedule therapy may provide a slight
alcohol use, information about alcohol use should margin of safety if careful monitoring cannot
be sought from other sources. be performed adequately.

T (5) Symptom-triggered therapy

reatment (@) Avoids unnecessary medications in the group
A. Both \Wirlnicke encephalopathy and delirium tremens are of patients who will not need them.
preventable.

. (b) Careful monitoring is required to avoid with-
B. Wernicke encephalopathy drawal and delirium tremens.

1. Any patient in whom thiamine deficiency is suspected
should receive 100 mg of IV thiamine prior to receiving
glucose-containing fluids.

2. Patients in whom Wernicke encephalopathy is suspected
should receive thiamine until symptoms resolve.

C. Alcohol withdrawal and delirium tremens

1. Supportive care
2. Benzodiazepines

a. Benzodiazepines decrease the symptoms of with-
drawal and can prevent delirium tremens, seizures,
and death.

b. Some patients can be treated with benzodiazepines as
outpatients.

c. Indications for inpatient therapy
(1) Moderate to severe withdrawal
(2) Prior history of seizures or delirium tremens

(3) Patient unable to cooperate with outpatient
therapy

(4) Comorbid psychiatric or medical conditions
(5) Unsuccessful outpatient detoxification
d. Inpatient management

(1) The optimal dose of benzodiazepines cannot be
determined in advance and must be titrated to the
particular needs of the patient.

(2) Benzodiazepines may either be given on a fixed-
scheduled or be given to treat symptoms. Both
strategies require careful patient monitoring and
medication adjustment.

(3) The Addiction Research Foundation Clinical Insti-
tute Withdrawal Assessment for Alcohol (CIWA-

Ar) developed a tool to predict the level of alcohol
withdrawal.

(@) The tool scores the severity of symptoms in
various categories such as tremor, anxiety, and
sensory disturbances.

(b) A higher score (> 8-12) generally calls for active
pharmacologic management, whether using a
fixed-dose or symptom-triggered protocol.

(c) Printable version of the tool is available online at
http://images2.clinicaltools.com/images/pdf/
ciwa-ar.pdf

(4) Fixed-schedule therapy

(@) Delivers regular fixed doses of benzodiazepines
to the patients.

Careful monitoring and prompt patient-specific
adjustment of the benzodiazepine dose is the key to

successful management of the alcoholic patient.

3. B-Blockers

a. Can decrease sympathetic overactivity in patients dur-
ing withdrawal

b. Are useful adjuncts but because they can mask sympa-
thetic signs that alert the clinician to increasingly severe
withdrawal, they increase the risk of inadequate use of
benzodiazepines.

CASE RESOLUTION

4

On the afternoon of the fifth postoperative day, Mr. B
pulled out his IV and attempted to climb out of bed while
his chest tube was still attached. Around the clock
observation was ordered.

Further history revealed no history of alcohol use. Mr.
B was placed on oxygen with near normalization of his
blood gas. The benzodiazepines were discontinued.

By postoperative day & (3 days after the onset of
his delirium) Mr. B's mental status had returned
nearly to baseline. He was still occasionally disori-
ented to time.

He was discharged on postoperative day 14. His wife
noted him to still be occasionally “epacey” at the time of
discharge. The patient was completely back to normal at
a postoperative visit 14 days later.

The patient’s delirium was severe for 3—4 days and persisted for at
least 1 week. The delirium was assumed to be a symptom of
hypoxia, the postsurgical state, and medication complication. No
specific therapy was given. The patient’s safety was ensured with a
“sitter” and the reversible factors (hypoxia, medication dosing mis-
takes) were addressed.


http://images2.clinicaltools.com/images/pdf/ciwa-ar.pdf
http://images2.clinicaltools.com/images/pdf/ciwa-ar.pdf

CHIEF COMPLAINT

PATIENT W

Mr. R is a 75-year-old man who comes to see you in clinic
accompanied by his wife because she is concerned that
his memory is getting worse. She states that, for the
last few months, he has been getting lost driving 20 miles
from his home to his local VA hospital where he volun-
teers. He has done this job twice weekly for 25 years.

what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

V At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Mr. R has had a decline in cognitive status. He is unable to do a
higher-level task that he used to do. Given that this patient is
exhibiting cognitive decline, dementia—most commonly
Alzheimer disease (AD)—has to be included in the differential
diagnosis. The subacute onset of this patient’s symptoms, with loss
of recall, makes AD likely. Another common cause of dementia in
older persons is vascular dementia (VaD). It will be important to
determine whether this patient has risk factors for cerebrovascular
disease. In an older person, clinicians have to consider the normal
cognitive decline that comes with aging, but normal cognitive
aging never causes functional compromise. An alternative diagno-
sis is mild cognitive impairment (MCI), a syndrome of memory
loss more severe than the memory loss that occurs with normal
aging. MCI, however, also does not cause functional decline. Delir-
ium and depression should always be considered in an older patient
with cognitive decline because they are highly treatable. Table 104
lists the differential diagnosis.

A patient who is unable to successfully live independently
because of cognitive issues always has an abnormality.

\

Mr. R's past medical history is notable for chronic leg
pain resulting from a war injury. He also has a history of
ischemic bowel, which has been asymptomatic since a
hemicolectomy 3 years ago, and gout.

His medications are

1. Faroxetine, 20 mg daily

2. Methadone, 20 mg 3 times a day

3. Meloxicam, 7.5 mg daily, orally

4. Acetaminophen with codeine (300/60), 2 tablets
5 times a day

5. Allopurinol 300 mg daily, orally

Mr. R is a retired accountant. He completed 4 years of college on
the GI bill after his service in Korea.

His physical exam reveals an alert, pleasant man. His vital signs
are normal. He answers about half the history questions himself
but turns to his wife for assistance with details about doctors he
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Table 10-4. Diagnostic hypotheses for Mr.R.

Diagnostic
Hypotheses Clinical Clues Important Tests
Leading Hypothesis
Dementia, most Memory loss with MMSE
commonly impairments in Neuropsychiatric
Alzheimer type instrumental testing

activities of daily

living

Active Alternative

Evidence of vascular
disease Positive
ischemia score

Risk factors for
vascular disease

Vascular
dementia

Active Alternative---Must Not Miss

Delirium Altered level of Confusion
consciousness Assessment
with variation Method
during the day

Depression May present as Fulfillment of

patient-reported DSM-IV-TR criteria

memory loss

has seen, medications he takes, and the timing of his surgery. He
and his wife deny any symptoms of depression, although they note
this has been a problem in the past and he has taken paroxetine for
years. His physical exam is normal except for evidence of bilateral
knee osteoarthritis. His initial neurologic exam, including motor,
sensory, and reflex examination, is normal.

Is the clinical information sufficient to make
" a diagnosis? If not, what other information

do you need?

Leading Hypothesis: AD

Textbook Presentation

Typically, a family member brings in an older patient because of
confusion, memory loss, or personality change. The patient may
deny that a problem exists and detection of dementia during
casual conversation may be difficult. Dementia, especially early in
its course, is sometimes difficult to detect on casual questioning;
more formal assessment is frequently necessary.

Disease Highlights
A. AD most commonly occurs after the age of 65.
B. Earlier presentations are possible.

C. AD may present with memory loss, behavioral or personality
change, functional impairments, or social withdrawal.

D. Language disturbances are usually present early in the course
of disease and often become severe with time.

E. Eventually, global cognitive impairment develops and patients
become unable to independently accomplish the most basic
activities of daily living.
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Although present, memory loss may not be the pre-
senting symptom in patients with AD; rather,
behavioral or personality changes, functional
impairments, social withdrawal, and language dis-
turbances may be the initial symptoms.

FE. AD accounts for about 67% of cases of dementia.

G. Early symptoms of AD include memory loss, social with-

Table 10-5. Prevalence of dementia by age

Prevalence
Age Outpatient Inpatient
65-75 2.1% 6.4%
>75 11.7% 13%
> 85 — 31.2%

drawal, and language disturbances.
1. Language disturbances are often the most obvious finding.

2. As the disease progresses, fluent aphasia, paraphasias, and
word substitutions may develop.

. Strictly speaking, the diagnosis of AD can only be made patho-
logically. That said, the diagnosis of AD is always made clinically.

. All definitions of AD include the deterioration in a person’s
ability to function independently. A patient’s level of func-
tioning can be evaluated by assessing his ability to do the
instrumental activities of daily living (IADLs):

1. The IADLs include
a. Cooking
b. House cleaning
c. Laundry
d. Management of medications
e. Management of the telephone
f. Management of personal accounts
g. Shopping
h. Use of transportation

2. Late in the disease, a patient’s ability to perform the activ-
ities of daily living (ADLs) often becomes compromised.
These ADLs are:

a. Bathing
b. Eating
c. Walking

3. Physicians sometimes recognize behavioral changes such
as increased anxiety, increased somatic complaints, or
delusional thinking regarding illness as early symptoms of
the disease.

B. The most efficient way to diagnose AD is to follow these 3 steps:

1. Consider the probability that a patient has dementia.
2. Diagnose dementia.

3. Diagnose AD by ruling out other causes and ensuring that
the presentation fits.

. Diagnosing dementia

1. The prevalence of dementia in the older population is very
high. The prevalence at different ages is given in Table 10-5.

2. The Mini-Mental Status Exam (MMSE) is the most com-
monly used test to screen for dementia. The test charac-
teristics for this test, some of its components, and some
other common tests, are listed in Table 10-6.

a. An important point about the MMSE is that its per-

formance is influenced by the patient’s level of education.

b. The exam tends to underestimate the level of dementia

in highly educated people and overestimate it in the
poorly educated.

3. The Memory Impairment Screen (MIS) is another test for

dementia that seems to be less affected by the level of edu-

d. Toileting and continence
e. Dressing
f. Grooming

J. The prognosis of AD is poor.

1. Estimates of median survival have traditionally ranged
from 5 to 9 years with more recent data suggesting median
survival close to 3 years with a range of 2.7 to 4 years.

2. Patients with AD also have a much worse prognosis after
an acute illness. Mortality after an episode of pneumonia
or a hip fracture is about 4 times that of matched con-

trolled (-50% vs ~15%).

Evidence-Based Diagnosis
A. Diagnosing AD can be challenging because patients often
have subtle symptoms early in the disease course.
1. AD presents with self-reported memory loss in only a
minority of patients.
a. Memory loss reported by a spouse, relative, or close
friend is more predictive of dementia.
b. Memory loss reported by a patient is more predictive of
depression.

2. Behavioral changes and mood changes are commonly rec-
ognized by family members.

cation and may perform better than the 3-item recall.

a. In this test, patients are given 4 words.

Table 10-6. Test characteristics for the MMSE, some of its
components, and other tests in the diagnosis of dementia.

Test Sensitivity Specificity LR+ LR-
MMSE score < 24 87% 82% 483 0.16
Unable to name month 16 04
Unable to name year 37 0.5
Unable to do serial 7s to 79 19 .06
3-item recall < 2 65% 85% 433 041
Clock drawing
Normal 0.2
Almost normal 0.8
Abnormal 24

MMSE, Mini-Mental Status Exam.



b. They are then asked to match them to a category (for
example apple and fruit) and then asked to recall the
words 2—3 minutes later.

c. Datients receive 2 points for words remembered with-
out prompting and 1 point for those remembered after
prompting with the category.

d. A positive test is a score of less than 5/8 points. The test
characteristics are given below:

(1) Sensitivity, 86%; specificity, 97%
(2) LR+, 28.67; LR—, 0.14

e. The MIS is a very specific test for dementia.
4. Neuropsychiatric testing

a. When the diagnosis of dementia is especially difficult,
neuropsychiatric testing can be very helpful.

b. Some of the situations in which neuropsychiatric test-
ing is commonly used are:

(1) When there is disagreement between the clinical
suspicion and in-office tests.

(2) To specifically gauge deficits in order to recom-
mend ways of compensating.

(3) When present or suspected psychiatric disease
(usually depression) complicates the diagnosis.

(4) When a more definitive diagnosis would be help-

ful for the patient or family members.
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a. Progressive deterioration of specific cognitive functions
(1) Aphasia
(2) Apraxia
(3) Agnosia

b. Impaired ADLs and altered patterns of behavior

c. Family history of dementia

d. Normal lumbar puncture, normal or nonspecific EEG
findings, and cerebral atrophy on neuroimaging

. Because these criteria are not perfect in the diagnosis of

AD, patients in whom dementia or AD is suspected but
who do not meet the criteria should be monitored closely
or referred for more detailed neuropsychiatric testing.

E. Reversible dementias

1.

An important issue when diagnosing AD is how much more
of a work-up should be done? The concern is that when
making a clinical diagnosis, potentially reversible dementias
might be missed. These reversible dementias include:

a. CNS infections
b. Hypothyroidism
c. By, deficiency
d. CNS masses
(1) Neoplasms
(2) Subdural hematomas

e. Normal-pressure hydrocephalus
f. Medications

D. The diagnosis of AD is a clinical one based on the diag-
nosis of dementia and the presence of features consistent

with AD.

_ _ . o 2. Current practice is to order the following tests:
1. Various office-based tests are useful in making this diagno-

sis. The National Institute of Neurological and Commu-
nicative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA)
criteria for probable AD are currently the most commonly
used by specialists.

. Ciriteria for the clinical diagnosis of probable AD
a. Dementia
b. Deficits in 2 or more areas of cognition
(1) Orientation
(2) Registration
(3) Visuospatial and executive functioning
(4) Language
(5) Attention and working memory

a. CBC

b. TSH

Basic metabolic panel and LFTs
. Vitamin B, level

Rapid plasma reagin

™o a0

Consider neuroimaging (MRI or CT)

(1) Imaging is not required in most patients with
dementia.
(2) In practice, most patients will undergo imaging both

to assess for diagnoses other than AD and to detect
brain atrophy that may support the diagnosis of AD.

Treatment

A. Counseling

©) Mefnory . . 1. When the diagnosis of AD is made, patients and families
c. Progressive worsening of memory and other cognitive should be educated on course, complications, and prog-
functions nosis of the disease.
d. No disturbance of consciousness 2. Decisions need to be made regarding health care proxies,
e. Onset between ages 40 and 90, most often after financial and estate planning, and end-of-life care.
age 65 3. Itis crucial to make these decisions while the patient is still
f. Absence of other disorders that could account for the a competent decision maker and referral to support serv-
symptoms ices, such as the Alzheimer’s Association, my be helpful.
. The test characteristics for these criteria follow: B. Safety
a. Sensitivity, 83%; specificity, 84% 1. At some point in the disease, patient safety often becomes
b. LR+, 5.19; LR—, 0.2 an issue.
. The NINCDS-ADRDA also gives factors that support the 2. Driving, wandering, and cooking are often early concerns.

diagnosis. These are very helpful clinically although none
are necessary to make the diagnosis. Some of these are
included below:

a. Driving is usually the most difficult to address because
patients lack insight into the dangers they pose and
resist the loss of independence that not driving brings.
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b. Physicians should raise this issue since it is often diffi-
cult for caregivers to bring up.

c. Patients with even mild dementia should be told not to
drive, or they should undergo frequent performance
evaluations.

d. Home safety checklists are available online that can
help family members protect patients with dementia.

C. Behavioral

1. Caregivers should be told to expect behavioral and
personality changes, and be instructed on how to
respond.

2. Maintenance of routines is important.

3. Situations likely to be stressful to patients, such as those in
which a patients deficits interfere with his functioning,

should be avoided.

The fact that medications are only moderately
effective in treating AD does not mean that the

physician’s role is limited.

D. Pharmacotherapy

1. Cholinesterase inhibitors
a. 4 cholinesterase inhibitors are approved for treatment
(1) Donepezil
(2) Tacrine
(3) Rivastigmine
(4) Galantamine

b. These medications have been shown to have modest
effects on objective measures of dementia and func-
tional status.

2. Memantine is an NMDA receptor antagonist also
approved for the treatment of AD. It has similar efficacy
to the drugs above.

3. Associated neuropsychiatric symptoms

a. May include agitation (60-70%) or either delusions or
hallucinations (30-60%)

b. Atypical neuroleptics, such as olanzapine and risperi-
done, are frequently used but the evidence base for
their efficacy is poor and they have been associated
with higher mortality. Neither of these drugs are
approved for this indication.

4. Depression
a. Very common in patients with AD
b. Present in up to 50% of patients

c. All patients with AD should be screened for depression
and treated if it is found.

5. Caregiver care

a. Taking care of a friend or relative with AD can be
extremely challenging.

b. Caregivers should be counseled on the importance of
taking time off and the availability of respite care.

c. They should be counseled that behavioral difficulties
are a result of the disease and not the patient’s anger or
heartlessness.

d. Caregiver support groups can be extremely helpful.

MAKING A DIAGNOSIS

\Z

Mr. R's exam thus far reveals some difficulty with recall-
ing recent events. Given his age, his baseline risk of
dementia is at least 10%. The first step in his work-up
would be to screen for dementia with the MMSE or MIS.
If this is positive, an effort should be made to see if he
fulfills the NINCDS-ADRDA criteria for probable AD.

&/

Further history revealed that the patient’s wife had
taken over bookkeeping because a few bills had gone
unpaid during the last 3 months.

The patient was given the MMSE and scored a 20 out
of 30. He was not able to give the day of the month,
could only register 2 of 3 items and recalled O of 3. He
only got 1 of the eerial 75 and could not draw pentagons.

Consideration of the NINCDS-ADRDA criteria showed him
to have dementia with deficits in 2 or more areas of cognition
(orientation, visuospatial and executive functioning, atten-
tion and working memory, and memory). At the time of the
visit, it was not clear whether his cognitive functioning was
worsening and there were no disturbances in consciousness.

The plan was made for initial laboratory work to be done
and for a 3-month follow-up visit. Given that he was taking
multiple psychoactive medications, his regimen was scaled
back to the minimum doses necessary to control his pain.

Have you crossed a diagnostic threshold for
V the leading hypothesis, AD? Have you ruled out
the active alternatives? Do other tests need to
be done to exclude the alternative diagnoses?

Alternative Diagnosis: Multi-infarct Dementia
(Vascular Dementia, VaD)

Textbook Presentation

A patient with VaD may have dementia that has an abrupt onset or
is slowly worsening. The patient usually has risk factors for vascular
disease or has previously diagnosed vascular disease. The patient
often has difficulty walking or a focal neurologic exam.

Disease Highlights

A. Generally considered to be the most common cause of
dementia after AD.

B. Disease seen most commonly in patients with risk factors for
vascular disease or embolic stroke.

C. Patients have dementia and evidence that cerebrovascular dis-
ease has caused the dementia.

1. A classic, but insensitive, clue is a “step-like deterioration”
related to intermittent cerebrovascular accidents.

2. Other clues may be a focal neurologic exam or evidence of
strokes, white matter changes, or atrophy on neuroimaging.

D. Clues to the diagnosis of VaD are gait disturbance, urinary
symptoms, and personality changes.



Evidence-Based Diagnosis

A. The DSM-IV-TR criteria for the clinical diagnosis of VaD
include:

1. The development of cognitive deficits including memory
deficits

2. A resulting significant impairment in social or occupa-
tional functioning

3. Focal neurologic signs, symptoms, or diagnostic studies
indicative of cerebrovascular disease judged to be etiologi-
cally related to the cognitive change

B. Features consistent with the diagnosis of VaD are
1. Exaggeration of deep tendon reflexes
2. Extensor plantar response

3. Gait abnormalities (consider history of unsteadiness and
frequent, unprovoked falls)

4. Pseudobulbar palsy (pathologic laughing, crying, grimac-
ing; and weakness of the muscles associated with cranial
nerves V, VII, IX, X, XI, and XII)

5. Focal neurologic signs

C. The actual diagnosis of VaD is complicated by the presence of
multiple different criteria.

D. The Hachinski Ischemic Score seems to be a clinically useful
test for determining whether ischemic disease is playing a role
in a patient’s dementia.

1. In the score, 2 points are given for each of the following
features:

a. Abrupt onset

b. Fluctuating course

c. History of stroke

d. Focal neurologic signs

e. Focal neurologic symptoms
2. 1 point is given for each of the following features:

a. Stepwise deterioration
. Nocturnal confusion
. Preservation of personality
. Depression
. Somatic complaints
Emotional lability

. Hypertension

e e a0 o

. Atherosclerosis

3. A score of greater than 7 carries a LR+ of 8.3 for differen-
tiating VaD from AD. The score performs less well for dif-
ferentiating AD or VaD from a mixed dementia.

Treatment

A. Behavioral, pharmacologic, and surgical means of modifying
risk factors for cerebrovascular disease and preventing recur-
rent vascular events should be used.

B. Behavioral interventions include smoking cessation and
dietary intervention to decrease vascular risk.

C. Pharmacologic interventions include treatment of hyperten-
sion and diabetes mellitus, treatment of hypercholesterolemia
(to an LDL < 100 mg/dL), aspirin therapy, and anticoagula-
tion when indicated.

D. Surgical therapy includes carotid endarterectomy when indicated.
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CASE RESOLUTION
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Initial laboratory evaluation, including CBC, TSH, basic
metabolic panel and LFTs, vitamin By, level, and rapid plasma
reagin was normal. He was able to wean his medications and
fett like he had a little more energy. On a follow-up visit
3 months later, the patient’s wife reported that he was no
longer driving to his job as it had become too difficult.
On physical exam, his language skills had worsened, and he
frequently anewered questions with short affirmative
phrases and nods that were often contradicted by his wife.
(He would subsequently agree with her.) A CT scan with con-
trast was ordered and showed only cerebral atrophy.

AD can be confidently diagnosed in this patient. His only risk fac-
tor for VaD is a history of ischemic bowel. His ischemia score is
only 2. Dementia was diagnosed at his previous visit; since his
symptoms have progressed, he now fulfills the criteria for AD.
Reversible causes of dementia are unlikely given the normal eval-
uation. The patient’s functional limitations exclude MCI as a
cause. The patient has no symptoms of delirium or depression.

REVIEW OF OTHER IMPORTANT DISEASES
Mild Cognitive Impairment (MCI)

Textbook Presentation

Usually presents in an older patient complaining of memory loss.
Common complaints are difficulty remembering names and
appointments or solving complex problems. Detailed testing shows
abnormal memory, but patients have no functional impairment.

Disease Highlights
A. Memory complaints are very common in older people.

B. Concern for AD is also very common.
C. The definition of MCI includes the lack of any functional

impairment and
1. Memory complaint
2. Normal ADLs
3. Normal general cognitive function
4. Abnormal memory for age
5. No dementia
D. Patients with this disorder are not neurologically normal.
1. Their memory is worse than age-matched controls.

2. They have a higher rate of progression to dementa than those
without memory impairments (12% per year vs 1-2% per year).

Evidence-Based Diagnosis

The diagnosis of this disease is made by the above criteria. The
memory deficits are sometimes difficult to detect and distinguish
from normal, age-related changes. If it is desirable to obtain a def-
inite diagnosis, neuropsychiatric testing is helpful.

Treatment

Presently, there is no proven treatment for MCI. Patients should
be monitored closely for development of more severe cognitive or
functional decline.
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Dementia with Lewy Bodies (DLB)

Textbook Presentation

DLB is typically seen in a patient with Parkinson disease who has
dementia. The predominant symptoms of the dementia are a fluc-
tuating course and the presence of hallucinations. In patients
without a previous diagnosis of Parkinson disease, motor symp-
toms similar to those seen in Parkinson disease are often present.

Disease Highlights

A. Lewy bodies are seen in the cortex of about 20% of patients
with dementia.

1. Includes some patients with a clinical diagnosis of AD

2. Probably among the most common types of dementia
after AD. It may coexist with AD.

B. The most important features of DLB are included in the
Evidence-Based Diagnosis section below.

C. The fluctuating course can mean that early in the disease
patients may seem nearly normal at times and demented at
other times. Because of the fluctuation in symptoms, delirium
needs to be included in the differential diagnosis.

D. Visual hallucinations are common in DLB, unlike in most
other types of dementia.

E. Mild extrapyramidal motor symptoms (rigidity and bradykine-
sis) are often seen. These may occur late in the course of other
dementias but occur early with DLB and worsen over time.

Evidence-Based Diagnosis
The diagnostic criteria for DLB are presented below.
A. There is dementia that might be mild at the onset of disease.

B. Two of the following are essential for a diagnosis of probable
DLB:

1. Fluctuating cognition with pronounced variations in
attention and alertness

2. Recurrent visual hallucinations that are typically well
formed and detailed

3. Spontaneous motor features of parkinsonism
C. The following features are supportive of the diagnosis of DLB
Repeated falls
Syncope

1.
2.
3. Transient loss of consciousness
4. Neuroleptic sensitivity

5.

Systematized delusions and hallucinations

Treatment

A. Supportive treatment of patients with DLB is the same as for
patients with AD.

B. Cholinesterase inhibitors have also been shown to be effective.

C. Neuroleptics can be dangerous, potentially worsening symptoms.

Patients with dementia with parkinsonian features,
a fluctuating course, and visual hallucinations
should be evaluated for DLB before they are treated
with neuroleptics.
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| have a patient who is concerned that she has
diabetes. How do | confirm the diagnosis and treat
patients with diabetes?

CHIEF COMPLAINT

PATIENT W

Mrs. D is a BO-year-old African American woman who is
worried she has diabetes.

V’

CONSTRUCTING A DIFFERENTIAL DIAGNOSIS
The differential diagnosis of diabetes mellitus (DM) is actually a
classification of the different causes of diabetes:

A. Type 1 DM

1. Of the persons with DM in Canada, the United States,
and Europe, 5-10% have type 1.

What is the differential diagnosis of dia-
betes? How would you frame the differential?

2. Caused by cellular-mediated autoimmune destruction of
the pancreatic beta cells in genetically susceptible individ-
uals, triggered by an undefined environmental agent

a. Some combination of antibodies against islet cells, insulin,
glutamic acid decarboxylase (GADy;), or tyrosine phos-
phatases IA-2 and IA-2f are found in 85-90% of patients.

b. Strong HLA association

c. Risk is 0.4% in patients without family history, 5-6%
in siblings and children, and 30% in monozygotic twins

d. Patients are also prone to autoimmune thyroid disease,
Addison disease, vitiligo, celiac sprue, autoimmune
hepatitis, myasthenia gravis, and pernicious anemia.

3. Occasionally idiopathic
a. Usually seen in patients of African or Asian ancestry
b. Strongly inherited but no HLA link or autoimmunity
4. Insulin therapy is always necessary.
5. Patients are at high risk for diabetic ketoacidosis (DKA).
Type 2 DM
Other causes of diabetes
1. Genetic defects of beta cell function or insulin action

2. Exocrine pancreatic diseases (pancreatitis, trauma, infec-
tion, pancreatectomy, pancreatic carcinoma)

3. Endocrinopathies (acromegaly, Cushing syndrome,
glucagonoma, pheochromocytoma)

4.

5. Infections

Medications (especially corticosteroids)

D. Gestational diabetes

181

Type 1 DM generally occurs in children, although approximately
7.5-10% of adults assumed to have type 2 DM actually have type
1, as defined by the presence of circulating antibodies. Type 2 DM
is becoming more prevalent in teenagers and young adults, pre-
sumably related to the increased prevalence of obesity.

In most patients, the distinction between type 1 and type 2
DM is clear. Thus, the primary tasks of the clinician are to deter-
mine who should be tested for diabetes, who has diabetes, which
complications to monitor, and how to treat the patient.

\

Mrs. D has worried about having diabetes since her
father died of complications from the disease. Over the
last couple of weeks, she has been urinating more than
usual. She is aware that excess urination can be a symp-
tom of diabetes, so she scheduled an appointment.
At this point, what is the leading hypothesis,
V what are the active alternatives, and is there a
¥ must not miss diagnosis? Given this differen-
tial diagnosis, what tests should be ordered?

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Mrs. D’s pretest probability of diabetes is high because of 2 pivotal
points in her history, the urinary frequency and the positive family
history. The rest of the differential diagnosis consists of other enti-
ties that can cause urinary frequency, such as urinary tract infection,
excess fluid intake, and bladder dysfunction. Other diseases that
cause true polyuria, defined as urinary output of > 3 L/day, should
also be considered. Table 11-1 lists the differential diagnosis.

W

Mrs. D has no dysuria or hematuria. She takes no med-
ications, drinks 1 cup of coffee per day, and uses alcohol
rarely. She has been trying to lose weight and has been
drinking more water in an attempt to reduce her appetite.
On physical exam, she looks a bit tired. Vital signs are
as follows: BF, 136/82 mm Hg; pulse, 96 bpm; RR,
16 breaths per minute. The remainder of the physical
exam is normal. A random plasma glucose is 152 mg/dL.
Is the clinical information sufficient to make
V a diagnosis? If not, what other information
v do you need?
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Table 11-1. Diagnostic hypotheses for Mrs.D.

Diagnostic
Hypotheses Clinical Clues Important Tests

Leading Hypothesis

Type 2 diabetes Family history Fasting plasma
mellitus Obesity glucose
Hypertension
Ethnic group
Polyuria
Polydipsia
Active Alternatives—Most Common
Urinary tract Urgency Urinalysis
infection Frequency Culture
Hematuria
Excess fluid Polyuria History
intake Frequency
Bladder Urgency Postvoid residual
dysfunction Frequency Urodynamic testing
Incontinence
Other Hypotheses
Diabetes Polyuria > 3 L/day Water restriction test
insipidus
Primary Polyuria > 3 L/day Water restriction test
polydipsia Excess water intake

Leading Hypothesis: Type 2 DM

Textbook Presentation

Patients with type 2 DM can have the classic symptoms of
polyuria, polydipsia, and weight loss. The presentation can also be
more subtle, with patients complaining that they feel tired or “just
not right.” Many patients are asymptomatic; the diagnosis is made
after plasma glucose testing. The complications of diabetes may
already be present by the time patients seek medical attention.

Disease Highlights
A. Caused by a combination of impaired insulin secretion and
insulin resistance with no evidence of autoimmunity

B. Accounts for 90-95% of cases of DM, with prevalence in the
United States of about 13-14%; up to 50% of patients are
unaware that they have DM.

C. The lifetime risk of diabetes developing in individuals born in
2000 is estimated to be 32.8% for males and 38.5% for
females; rates are as high as 50% for African American and
Hispanic women.

D. Strong genetic component

1. In the United States, type 2 DM is 2-6 times more preva-

E. The most important risk factor is obesity, which induces

insulin resistance.

1. The RR of diabetes developing in a woman who has a
body mass index (BMI) > 35 kg/m? is 93, compared with
a woman who has a BMI < 22 kg/m?.

2. The RR of diabetes developing in a man who has a BMI >

35 kg/m? is 42, compared with a man who has a BMI <
23 kg/m?2.

FE. DKA develops less often in patients with type 2 DM than

those with type 1; however, DKA can occur in persons with

type 2 DM.

Do not assume all patients with DKA have type 1
DM; DKA can develop in persons with type 2 DM.

G. Risk factors for type 2 DM include

1. Age =245
. BMI > 25 kg/m?
. A first-degree relative with diabetes

. Physical inactivity

JVAR" NSt S

. Being a member of a high-risk ethnic group (African
American, Latino, Native American, Asian American,
Pacific Islander)

6. Having delivered a baby weighing > 9 pounds or having
had gestational DM

7. Hypertension

8. Metabolic syndrome (high-density lipoprotein [HDL] cho-
lesterol < 35 mg/dL or triglycerides > 250 mg/dL, or both)

9. Polycystic ovary syndrome
10. Vascular disease

11. History of impaired glucose tolerance (IGT) or impaired
fasting glucose (IFG)

H. IFG and IGT: Metabolic stage between normal glucose

homeostasis and diabetes, sometimes called prediabetes
1. Patients with IFG or IGT have normal HgbA,_ levels.
2. Both IFG and IGT are risk factors for the development of

diabetes and cardiovascular disease.

3. Both are associated with the metabolic syndrome (insulin resist-
ance, compensatory hyperinsulinemia, obesity, hypertension,
and dyslipidemia consisting of high triglycerides and low HDL).

4. Table 11-2 lists the defining criteria for IFG and IGT.

Table 11-2. American Diabetes Association diagnostic
criteria for diabetes.

2-Hour Plasma Glucose

lent among African Americans, Native Americans, Pima
Indians, and Latinos than among whites.

2. 39% of patients have at least 1 parent with diabetes

»

. 60-90% concordance in monozygotic twins

4. The lifetime risk of a first-degree relative of a patient with
type 2 DM is 5-10 times higher than that of age- and
weight-matched individuals without a family history.

Fasting Plasma (After 75-g Oral
Glucose Glucose Load)
Normal <100 mg/dL < 140 mg/dL

Impaired fasting
glucose

100-125 mg/dL

Impaired glucose
tolerance

140-199 mg/dL

Diabetes

> 126 mg/dL

>200 mg/dL




I. Screening for diabetes

1. American Diabetes Association (ADA) recommends
screening patients every 3 years beginning at age 45, espe-
cially those with a BMI > 25 kg/m? those with > 2 risk
factors should be screened earlier and more often.

2. In 2008, the US Preventive Services Task Force recom-
mended screening asymptomatic adults with sustained BP
> 135/80 mm Hg. The Task Force concluded that evi-
dence is insufficient to assess the benefits and harms of
routine screening in asymptomatic patients with BP of
135/80 mm Hg or lower.

Evidence-Based Diagnosis
A. Table 11-2 lists the diagnostic criteria established by the

ADA; in addition, a random plasma glucose > 200 mg/dL in
a symptomatic patient is diagnostic.

. The ADA recommends that all abnormal results be confirmed
with a second test.

. The criteria for diagnosing diabetes were chosen based on the
observation that the risk for retinopathy increases substan-
tially at a fasting plasma glucose (FPG) of 126 mg/dL.

. FPG measurements are more reproducible and easier to obtain
than oral glucose tolerance test (OGTT) measurements.

1. Either test is acceptable for screening.

2. The OGTT, consisting of an FPG and a second glucose
measurement 2 hours after a 75-g oral glucose load, does

identify more prediabetic people than the FPG.

3. The 2 tests do not necessarily detect the same individuals;
some patients will have normal results on 1 test but abnor-
mal results on the other.

. The HgbA,_ should not be used to screen for diabetes because
of a variable correlation with FPG.

1. The LR- is unacceptably high for A, _levels of 6.1-6.5%
(Table 11-3).

2. However, the HgbA, should always be ordered in patients
with hyperglycemia on a random sample, or a fasting glu-
cose > 100 mg/dL.

Treatment of IFG/IGT

A. The goals are to prevent or delay the onset of diabetes and to

modify other cardiac risk factors.

B. Large randomized trials have shown that lifestyle modifica-

tion or medication can prevent or delay diabetes.

Table 11-3. Test characteristics of the HgbA, . in the
diagnosis of diabetes.

HgbA1, Sensitivity Specificity

Cutoff (%) (%) (%) LR+ LR-
5.6 834 84.4 5.35 0.2
6.1 63.2 974 243 0.38
6.5 428 99.6 107 0.57
7.1 283 99.9 283 0.72
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1. Finnish patients with IGT were randomized to brief diet/
exercise counseling or intensive individualized instruction.

a. There was a 58% relative reduction in the development
of diabetes in the intensive group, (NNT = 22 to pre-
vent 1 case of DM over 1 year; NNT = 5 to prevent
1 case of DM over 5 years).

b. The study cohort was monitored for 3 years after the
intervention; the group of patients initially assigned to
the lifestyle intervention tended to continue their
lifestyle changes after the trial ended, and continued to
have a reduced risk of developing diabetes.

2. DPatients in the United States (45% African American or
Hispanic) were randomized to intensive diet/exercise pro-
gram, metformin, or placebo.

a. There was a 58% relative reduction in the development
of DM in the intensive diet/exercise group and a 31%
relative reduction in metformin group.

b. NNT =7 over 3 years to prevent 1 case of diabetes for
the intensive diet/exercise group, and NNT = 14 for
the metformin group.

3. Acarbose, orlistat, and rosiglitazone have also been stud-
ied, but the ADA does not recommend their use in dia-
betes prevention.

Lifestyle modification is the best way to prevent or
delay the onset of diabetes.

C. Recommended lifestyle modification goals are 30 minutes of

modest physical activity daily and loss of 5-10% of body weight.

D. The ADA recommends considering the addition of metformin

in patients who have a BMI > 35, are under 60 years old, and
have combined IFG and IGT plus at least 1 other risk factor.

E. The goal of hypertension therapy in patients with IFG or

IGT is to achieve a BP < 140/90 mm Hg.

F. Lipids should be treated according to National Cholesterol

Education Program (NCEP) guidelines for nondiabetic
patients (see Chapter 20, Hypertension).

MAKING A DIAGNOSIS

\

Mrs. D’'s random glucose is elevated but is not diagnos-
tic of diabetes. She reports that even though she is uri-
hating often, the urine volumes are small. You ask her to
return for more testing:

FPG, 120 mg/dL
HgbA., ., 5.8%

Urinalysie: negative for protein, glucose, and blood; no
WBCs or bacteria; specific gravity, 1.015.

¢

the leading hypothesis, type 2 DM? Have you
ruled out the active alternatives? Do other
tests need to be done to exclude the alter-
native diagnoses?

‘ Have you crossed a diagnostic threshold for
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Mrs. D does not have diabetes, but she does have IFG. This does
not cause glycosuria of a degree sufficient to cause urinary fre-
quency. A urinary tract infection is ruled out by the normal uri-
nalysis. She has increased her water consumption, so excess fluid
intake is a likely cause of her symptoms. Bladder dysfunction
should be considered if her symptoms do not resolve with reduc-
tion in fluid intake. Diabetes insipidus and primary polydipsia are
rare diseases that do not need to be considered unless she has a
documented urinary output of more than 3 L/day. The next diag-
nostic test should be reducing her fluid intake.

CASE RESOLUTION

4

Mre. D stops forcing herself to drink extra water, and her
urination pattern returns to normal. She is very con-
cerned about her elevated FPG and wants to know how to
prevent progression to diabetes. Her BMI is 30 kg/m?,
and her fasting lipid panel shows total cholesterol of
220 mgl/dL; HDL, 3& mg/dL; triglycerides, 250 mg/dL;
and low-density lipoprotein (LDL), 132 mg/dL. You refer
her to a nutritionist for dietary counseling and recom-
mend that she walk 30 minutes a day 5 days a week.
When she returns to see you 4 months later, she has lost
& pounds. Her FPG is 112 mg/dL; total cholesterol
197 mgldL, HDL, 42 mg/dL; triglycerides, 150 mg/dL; and
LDL, 125 mg/dL.

FOLLOW-UP OF MRS.D

\

Mrs. D returns 5 years later, having lived in another city
in the meantime. She reports that she did quite well with
her diet and exercise program for several years, main-
taining a 10% weight loss. However, over the last couple of
years, she has not been able to continue her exercise pro-
gram or be as careful about her diet because of the
stresses of caring for her chronically ill mother as well as
working and caring for her own family. Her mother died
recently, so Mrs. D has moved back. She knows that she
has gained weight and is especially worried about her
blood sugar level because she did not have time to see a
doctor herself during her mother’s illness.

On physical exam, her BMI is 34 kg/m?, and her BF is
155/868& mm Hg. Her lungs are clear, and on cardiac exam
you hear an S, but no S, or murmurs. Abdominal exam is
normal, and there is no peripheral edema. Her peripheral
pulses are normal, and there are no ulcerations on her
feet. She does have tinea pedis. Her fingerstick glucose
measurement is 335 mg/dL.

what are the active alternatives, and is there
a must not miss diagnosis? Given this dif-
ferential diagnosis, what tests should be
ordered?

V At this point, what is the leading hypothesis,

PRIORITIZING THE DIFFERENTIAL DIAGNOSIS

Clearly, Mrs. D now has type 2 DM. At this point, in addition to
starting treatment, the clinician should focus on identifying and
managing diabetic complications and associated cardiovascular
risk factors rather than ruling out other diagnoses (Table 11-4).

\

Mrs. D does not report any vision loss, numbness, edema,
dyspnea, or chest pain.

a diagnosis? If not, what other information

‘ Is the clinical information sufficient to make
do you need?

Leading Hypothesis: Diabetic Complications
1. Retinopathy

Textbook Presentation

Most patients with retinopathy are asymptomatic. Other patients
experience either gradual or sudden vision loss.

Table 11-4. Diagnostic hypotheses for Mrs.D’s follow-up.

Diagnostic
Hypotheses Clinical Clues Important Tests
Leading Hypothesis: Diabetic Complications
Retinopathy Asymptomatic Ophthalmologic
Decreased vision exam
Nephropathy Long duration Albumin/creatinine
diabetes mellitus ratio
Poor glycemic control
Hypertension
Peripheral Paresthesias Monofilament test
neuropathy
Diabetic foot Neuropathy Physical exam
ulcers Peripheral arterial disease
Vascular disease Coronary artery Stress test
disease Ankle-brachial
Heart failure index
Peripheral Carotid duplex

arterial disease ultrasound
Transient ischemic
attack/cerebrovascular

accident symptoms

Active Alternatives that Increase Cardiovascular Risk—
Must Not Miss:

Hypertension Physical exam

Hyperlipidemia Fasting lipid panel

Smoking History

Obesity Body mass index




Disease Highlights

A. Most common cause of new cases of blindness in adults aged

B.

C.

D.

2074 years

Occurs in nearly all patients with type 1 and > 60% of
patients with type 2 DM after 20 years.

Stages of diabetic retinopathy (DR)
1. Nonproliferative (NPDR)
a. Earlier stage of DR

b. Earliest signs are microaneurysms and retinal
hemorrhages

c. Progressive capillary nonperfusion leads to ischemia,
manifested by increasing cotton wool spots, venous
beading, and intraretinal vascular abnormalities.

2. Proliferative diabetic retinopathy (PDR)

a. Most advanced form of DR

b. Progressive retinal ischemia causes formation of new
blood vessels on the retina or optic disk

c. The new vessels bleed, leading to vision loss because of
vitreous hemorrhage, fibrosis, or retinal detachment.

d. Present in 50% of persons with type 1 and 15% of
those with type 2 who have had DM for 15 years

3. Diabetic macular edema (DME)

a. Can develop at any stage of retinopathy

b. Now the leading cause of vision loss in persons with
diabetes

c. Increased vascular permeability causes plasma leaks
from the macular vessels, leading to swelling and for-
mation of hard exudates at the central retina.

d. Incidence over 10 years
(1) 20% in persons with type 1 DM
(2) 25% in persons with type 2 DM who require

insulin
(3) 14% in persons with type 2 DM who do not
require insulin

Risk factors

1. Most consistently identified risk factors are duration of
DM, elevated HgbA,_level, hypertension, hyperlipidemia,
pregnancy, nephropathy

2. Less consistently identified risk factors include obesity, smok-
ing, moderate alcohol consumption, physical inactivity

Evidence-Based Diagnosis

A.

B.

Evaluation should include dilated indirect ophthalmoscopy or

fundus photography, or both, by an ophthalmologist

Patients with type 1 diabetes should have an exam within
3-5 years of disease onset, followed by at least annual
exams.

Patients with type 2 diabetes should have an exam at the time
of diagnosis, followed by at least annual exams.

All patients with type 2 DM need eye exams by an
ophthalmologist at least annually.
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Treatment
A. Glycemic control

1. In persons with type 1 DM without retinopathy, the risk
of developing DR is reduced 76% by tight control
(HgbA,_ 7.2 vs 9.1% in the Diabetes Control and Com-
plications Trial [DCCTT).

2. In persons with type 1 DM with retinopathy, the risk of
progression is reduced by 54% by tight control.

3. In persons with type 2 DM, better control reduces the risk
of microvascular complications (retinopathy and nephropa-
thy) by 16-25%. (HgbA,_7% vs 7.9% in the United King-
dom Prospective Diabetes Study [UKPDS] [1998]; HgbA,
6.5 vs 7.2% in the ADVANCE trial [2008].)

4. In persons with type 2 DM, there is a 35% reduction in
the risk of microvascular complications for every percent-
age point decrease in HgbA, .

B. Better BP control reduces the risk of progression of retinopathy.
C. Aspirin neither improves nor worsens retinopathy.

D. Pan-retinal photocoagulation is indicated for PDR and
selected cases of severe NPDR; focal laser photocoagulation is
indicated for DME.

E. Vitrectomy (removal of the vitreous, the gel-like substance in
the eye) is indicated for selected patients who do not respond
to photocoagulation and for patients who have type 1 DM
with DR and vitreous hemorrhage.

E Intravitreal steroids may have a role in diffuse DME not
responsive to laser treatment.

2. Neuropathy

Textbook Presentation

Diabetic peripheral neuropathy (DPN) classically presents as
paresthesias or burning pain in a “glove-stocking” distribution.
Diabetic autonomic neuropathy can manifest in a variety of ways,
including orthostatic dizziness, diarrhea, urinary incontinence,
and gastroparesis.

Disease Highlights
A. Types of DPN
1. Symmetric distal polyneuropathy (most common)
2. Focal neuropathies
a. Cranial (0.05% of mononeuropathies)
(1) Usually cranial nerve III or VI
(2) Usually acute and transient
(3) Caused by ischemia
b. Thoracolumbar
c. Limb

(1) Median nerve most common site (5.8% of
mononeuropathies)

(2) Ulnar (2.1%), femoral, and peroneal also affected
3. Diabetic amyotrophy (pain, severe asymmetric muscle
weakness, and wasting of the iliopsoas and quadriceps)

B. Epidemiology of symmetric distal polyneuropathy
1. Affects up to 50% of persons with diabetes, with chronic

neuropathic pain in 20% of patients with diabetes for over
10 years



186 / CHAPTER 11

2.

Severity is related to duration of disease, degree of glycemic
control, and presence of hypertension and hyperlipidemia.

DPN is an independent risk factor for foot ulceration and
amputation; patients with neuropathy have a 15% lifetime
risk of amputation.

C. Clinical manifestations of symmetric distal polyneuropathy

1.

3.

2.

History
a. Up to 50% of patients asymptomatic
. Burning, shooting, or lancinating pain

b
c. DParesthesias, hyperesthesias
d. Often worse at night

e

. When symptoms ascend to the knees, upper extremity
symptoms start

. Physical exam

a. Loss of vibration, pain, pressure, and temperature
sensation

b. Loss of ankle reflexes
c. Distal muscle atrophy late in the course

Charcot joints develop, usually in the tarsometatarsal
region, in 10% of patients.

. Differential diagnosis symmetric distal polyneuropathy
1.

Consider other causes of neuropathy if

a. Neuropathy develops before the onset of or early in the
course of the diabetes

b. Patient has a history of excellent glycemic control
c. Neuropathy is asymmetric

d. There is proximal or upper extremity involvement dis-
proportionate to distal lower extremity involvement

Be sure to check for other treatable causes (eg, hypothy-
roidism and vitamin B, deficiency), even in patients with
long-standing diabetes.

Think about other causes of neuropathy in diabetic
patients.

E. Diabetic autonomic neuropathy can affect any organ inner-
vated by the autonomic nervous system.

1.

Cardiovascular autonomic neuropathy: many possible
manifestations

a. Reduced heart rate variability; associated with increased
risk of silent ischemia and cardiac death

. Fixed heart rate
Resting sinus tachycardia
. Inadequate increase in heart rate/BP with exercise

o oo o

Postural hypotension with systolic BP drop of > 30 mm
Hg, without an appropriate heart rate response

f. Intraoperative cardiac instability

. Gustatory sweating

a. Facial sweating, often accompanied by flushing, that
occurs after eating

b. Generally occurs in patients with nephropathy or
peripheral neuropathy

c. Cause unknown

3. GI dysfunction

a. Reduced esophageal motility
b. Gastroparesis
(1) Abnormality of gastric motility leading to delayed
gastric emptying
(2) Symptoms include nausea, vomiting, anorexia,
postprandial fullness, early satiety.

(3) Poor correlation between demonstrated motility
abnormalities and symptoms

c. Diabetic diarrhea

(1) Characterized by intermittent, brown watery,
voluminous stools, occasionally accompanied by
tenesmus

(2) Can be episodic, separated by periods of normal
bowel movements or constipation

(3) Rare in the absence of other manifestations of neu-
ropathy, either peripheral or autonomic

d. Constipation
(1) Constipation specifically resulting from auto-

nomic neuropathy occurs in 20% of patients with
type 2 DM

(2) Caused by abnormality in autonomic neural con-
trol of colonic motility

e. Anorectal dysfunction

(1) Results in fecal incontinence, even in the absence
of diarrhea

(2) Patients can generally sense the presence of stool,
but cannot prevent passage

. Genitourinary dysfunction

a. Bladder dysfunction

(1) Initally motor function normal, but sensation of
bladder distention impaired

(2) Then, detrusor muscle hypocontractility occurs, lead-
ing to urinary retention and overflow incontinence.

b. Erectile dysfunction
(1) Present in 28-45% of diabetic men
(2) Most common organic cause of erectile dysfunction

(3) Risk factors include duration of DM, glycemic
control, smoking, other diabetic complications.

Evidence-Based Diagnosis
A. Symmetric distal polyneuropathy
1. Nerve conduction studies are the gold standard.

2. Several physical exam maneuvers have been compared

with nerve conduction studies.
a. Semmes-Weinstein monofilament examination

(1) Apply a 5.07/10-g monofilament to a noncallused
site on the dorsum of the first toe just proximal to

the nail bed.

(2) Repeat 4 times on both feet in an arrhythmic
manner.

(3) Add up the total number of times the monofila-
ment is perceived by the patient (score range = 0-8).
b. On-—off vibration testing
(1) Apply a vibrating 128-Hz tuning fork to the bony
prominence at the dorsum of the first toe just
proximal to the nail bed.



(2) Repeat twice on each foot.

(3) Add up the total number of times the patient per-
ceives the application of the vibrating tuning fork and
the cessation of the vibration (score range = 0-8).

c. Timed vibration testing

(1) Apply a vibrating 128-Hz tuning fork to the same
location used for the on—off vibration test.

(2) Ask the patient to report the time at which vibration
diminished beyond perception, and compare with the
number of seconds perceived by the examiner when
the tuning fork is applied to the examiner’s thumb.

(3) Record number of times patient’s perception time
less than examiner’s (score range = 0-8).

d. Superficial pain sensation

(1) Apply a sterile sharp to the same sites used for the
monofilament.

(2) Repeat 4 times on each foot.

(3) Add up the total number of times the patient did not
perceive the painful stimulus (score range = 0-8).

e. All tests have high LR+; monofilament and timed
vibration have best LR— (Table 11-5).

f. Monofilament more reproducible than timed vibration.

The monofilament is the preferred physical
exam method for detecting diabetic peripheral

neuropathy.

3. The absence of ankle reflexes has a sensitivity of 60% and

specificity of 90% in 1 study, compared with a clinical
gold standard (LR+ = 6; LR— = 0.44).

4. Another study compared 3 criteria (symptoms, abnormal

temperature sensation, and absent ankle reflexes) to a clinical
gold standard; if 2 of the 3 criteria were present, the sensitiv-

ity was 87% and specificity 91% (LR+ = 10.8; LR— = 0.14).

5. The ADA recommends screening for neuropathy at least

annually by checking ankle reflexes and assessing sensation
by testing pinprick, temperature, vibration, and pressure
sensation with a monofilament.

Table 11-5. Physical exam findings in diabetic peripheral
neuropathy.

Able to perceive Able to perceive
stimulus > 4 times stimulus < 3 times
(normal test) (abnormal test)

Sensitivity (%) LR- Specificity (%) LR+

Monofilament 77 0.34 96 10.2
80 033 98 18.5

vibration

Superficial 59 0.5 97 9.2

pain

On-off 53 0.51 99 26.6

vibration
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B. Diabetic autonomic neuropathy

1. Cardiovascular autonomic neuropathy

a. There are standardized ways to measure heart rate
variability.

b. Postural change in systolic BP is used to diagnose
orthostatic hypotension caused by diabetic autonomic
neuropathy; the systolic BP is measured with the
patient supine and again after 2 minutes of standing.
(1) A drop of < 10 mm Hg is normal.

(2) A drop of 10-29 mm Hg is borderline.

(3) A drop of > 30 mm Hg is definitely abnormal.

. Gustatory sweating is diagnosed by history.
. GI dysfunction

a. Esophageal dysmotility: Esophagogastroduodenoscopy
and manometry

b. Gastroparesis: Diagnosed clinically or by a “gastric
emptying” study, consisting of double-isotope scintig-
raphy of either solids or liquids

c. Diabetic diarrhea: Rule out other causes of chronic
diarrhea.

d. Anorectal dysfunction: Anorectal manometry and
defecography can be done to document abnormalities.

. Genitourinary dysfunction

a. Urinary bladder dysfunction: Ultrasound and urody-
namic testing

b. Erectile dysfunction: History

Treatment
A. Tight glycemic control
1. Definitely prevents and improves neuropathy in persons

with type 1 DM (RR reduction of 60%, NNT of 15 to
prevent 1 case of neuropathy in tightly controlled patients)

2. Possibly prevents and improves neuropathy in persons

with type 2 DM

B. Otherwise, treatment is symptomatic.
1. Deripheral neuropathy

a. Tricyclic antidepressants, gabapentin, and pregabalin
all shown to effectively reduce neuropathic pain

b. Tramadol and opioids also effective
c. Capsaicin possibly effective

d. Nonsteroidal antiinflammatory drugs generally not
effective

2. Autonomic neuropathy

a. Cardiovascular
(1) Orthostatic hypotension is usually the most dis-
abling symptom.
(a) Patients should raise head of bed, and rise
slowly.

(b) Patients can try an elasticized garment that
extends from the feet to the costal margins.

(c) Fludrocortisone is sometimes used, but must
beware of supine hypertension, excessive salt,
and water retention

(2) Cardioselective B-blockers sometimes helpful

b. Sweating: no specific treatment available; clonidine
may be effective.
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c. Esophageal dysmotility: can try prokinetic agents such
as metoclopramide

d. Gastroparesis
(1) Severe gastroparesis is very difficult to manage.
(2) Small meals sometimes help.

(3) Prokinetic agents, such as metoclopramide or
erythromycin, sometimes are effective.

(4) Gastric electrical stimulation is being studied for
refractory cases.

e. Constipation
(1) Increase fiber

(2) Drug choices include lactulose, polyethylene gly-
col, stool softeners.

(3) Avoid senna, cascara due to stimulant activity
f. Urinary bladder dysfunction

(1) Bethanecol

(2) Intermittent self-catheterization

g. Erectile dysfunction: sildenafil and other similar agents

3. Nephropathy

Textbook Presentation

Diabetic nephropathy is asymptomatic until it is so advanced that
the patient has symptoms of renal failure.

Disease Highlights
A. Occurs in 20-40% of patients with diabetes

B. The most common cause of end-stage renal disease (ESRD)
in the United States and Europe, accounting for about 40%
of new cases of ESRD.

C. Definitions (based on spot collection and calculation of the
albumin/creatinine ratio in mcg/mg)
1. Normal < 30
2. Microalbuminuria = 30-299
3. Macroalbuminuria (overt nephropathy) = 300

D. Natural history: much better defined for type 1 than for type
2 DM

1. Type 1 DM

a. Renal enlargement and hyperfunction at onset of dia-
betes; continues for 5-15 years

b. Microalbuminuria appears 10-15 years after onset of
DM; glomerular filtration rate (GFR) and BP initially

normal.

c. Over the ensuing 10-15 years, 80% of patients
progress to macroalbuminuria; GFR declines and
hypertension develops.

d. ESRD develops in 50% of patients with overt
nephropathy within 10 years and in 75% by 20 years.

2. Type 2 DM

a. Natural history is less well defined because onset of
type 2 DM is usually not well defined, and other causes
of renal insufficiency (such as hypertension and vascu-
lar disease) are more common.

b. 20-40% of patients with microalbuminuria progress to
overt nephropathy.

c. 20% have ESRD within 20 years of the onset of overt
nephropathy.

E. Risk factors for development of nephropathy

1. Poor glycemic control
Hypertension

Long duration of diabetes
Male sex

s N

Ethnic predisposition (Native American, African Ameri-
can, Hispanic [especially Mexican American])

F. Patients with microalbuminuria have an increased risk of car-

diovascular events.

Evidence-Based Diagnosis

A. ADA recommends annual screening for microalbuminuria

beginning at the time of diagnosis for patients with type 2
DM and at year 5 for patients with type 1 DM.

. The recommended screening is a spot urinary albumin/crea-

tinine ratio

1. There is diurnal variation, so first-void or early-
morning specimens are best; otherwise, try to obtain
confirmatory specimen at same time of day as initial
specimen.

2. Short-term hyperglycemia, exercise, urinary tract infec-
tion, marked hypertension, heart failure, and acute
febrile illness can cause transient elevations in albumin
excretion.

3. All abnormal tests should be confirmed by a second
test.

4. For morning specimens, sensitivity ranges from 70% to
100% and specificity ranges from 91% to 98%.

5. For random specimens, sensitivity ranges from 56% to
97% and specificity ranges from 81% to 92%.

. It is not clear whether it is necessary to measure the albu-

min/creatinine ratio annually in patients being treated
with an ACE inhibitor or angiotensin receptor blocker

(ARB).

D. All patients should have a serum creatinine checked at least

annually.

Treatment
A. Tight glycemic control reduces nephropathy.

1. Type 1 DM

a. Incidence of microalbuminuria reduced by 34%
(NNT = 83) in patients without retinopathy and by
43% (NNT = 47) in patients with retinopathy

b. Incidence of macroalbuminuria reduced by 56%
(NNT = 125) in patients with retinopathy

2. Type 2 DM

a. Better control reduces the risk of microvascular com-
plications (retinopathy and nephropathy) by
16-25%. (HgbA,. 7% vs 7.9% in the UKPDS
[1998]; HgbA,. 6.5% vs 7.2% in the ADVANCE
trial [2008].)

b. NNT = 36 over 10 years in the UKPDS; NNT = 66
over 5 years in the ADVANCE trial

c. The microvascular complication rate was 58% for
patients with an HgbA, > 10% and 6.1% for patients
with an HgbA, < 6.0% (UKPDS).

d. Microvascular complication rate decreases by 37% for
every 1% reduction in HgbA, .



B. BP control and choice of agents
1. BP should be < 130/80 mm Hg.
2. Either ACE inhibitors or ARBs should be used
a. ACE inhibitors have been shown to reduce

(1) Progression to nephropathy in type 1 and type 2
diabetics with hypertension and albuminuria

(2) Progression to microalbuminuria in type 2 diabet-
ics with hypertension and normoalbuminuria

(3) Cardiovascular events in patients with type 2 diabetes

b. ARBs have been shown to reduce progression to
nephropathy in type 2 diabetics with hypertension and
albuminuria.

C. Protein restriction to about 10% of daily calories may reduce
progression of overt nephropathy.

D. Refer to a nephrologist if the creatinine clearance is < 60 mL/min
or hypertension cannot be controlled.

4, Diabetic Foot Ulcers

Textbook Presentation

A patient with peripheral neuropathy is unaware of minor trauma
and the beginning of plantar ulceration. By the time the ulcer is
discovered incidentally, it is often advanced, sometimes with asso-
ciated osteomyelitis.

Disease Highlights
A. Lifetime risk of developing an ulcer is about 15%.

B. 90% of patients with ulcers have neuropathy, and 15-20%
have peripheral vascular disease.

C. Tend to occur at pressure points, so plantar surface and sites
of calluses are common locations

1. Venous ulcers generally occur above the medial or lateral
malleolus

2. Arterial ulcers generally occur on the toes or shins
D. Risk factors
Duration of diabetes > 10 years
Male sex
Poor glycemic control

Coexisting cardiovascular, renal, or retinal complication

1.
2.
3.
4,
5. Peripheral neuropathy
6. Altered biomechanics
7. Evidence of increased pressure on the foot
8. Bony deformity of the foot or ankle
9. Peripheral vascular disease

10. A history of ulcers or amputation

11. Severe nail pathology
E. Pathophysiology

1. Repetitive mechanical stress occurs as a result of altered
biomechanics, foot deformities, ill-fitting shoes.

2. Deripheral neuropathy causes loss of protective sensation,
so the patient is unaware of the incipient ulceration.

3. Ischemia, resulting from macrovascular peripheral arterial
disease (commonly in the tibioperoneal vessels) or
microvascular dysfunction from autonomic neuropathy,
inhibits healing and promotes progression.
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F. Classification
1. Non-limb-threatening

a. Superficial infection, purulent discharge, and minimal
(< 2 cm extension from the ulcer) or absent cellulitis

b. No systemic toxicity (fever, leukocytosis, severe hyper-
glycemia, or osteomyelitis)

2. Limb-threatening

a. Ulceration to deep tissues, extensive purulent drainage,
cellulitis extending more than 2 ¢cm from the ulcer, and
lymphangitis

b. Systemic toxicity and significant ischemia, with or
without gangrene, present

3. Life-threatening

a. Ulceration to deep tissues, extensive purulent drainage,
cellulitis, necrosis, gangrene, osteomyelitis

b. Marked systemic toxicity, including septic shock
G. Microbiology

1. Non-limb-threatening infections average 2 species/ulcer,
but are often monomicrobial.

2. Limb-threatening and life-threatening infections are gen-
erally polymicrobial.

3. Staphylococcus aureus is most common organism and is
present in 50% of infections.

4. Streptococci present in one-third of cases.

5. Gram-negative organisms, especially Proteus, Klebsiella,
Escherichia coli, and Pseudomonas, present in polymicrobial
infections.

6. Anaerobic gram-positive cocci and Bacteroides present in
up to 80% of polymicrobial infections.

H. Osteomyelitis develops in 15% of patients with foot ulcers.

Evidence-Based Diagnosis

A. ADA recommendations include at least annual foot examina-
tions that should include screening for neuropathy and assessing
foot structure, biomechanics, vascular status, and skin integrity.
1. Patients with neuropathy should have a foot exam at every

visit.

2. ADA recommends screening for peripheral arterial disease
with ankle-brachial index measurements in patients over
age 50 and those under age 50 with other vascular risk fac-
tors in addition to diabetes.

You cannot examine the feet of your diabetic
patients too often!

B. Culturing ulcers

1. Can be difficult to distinguish between colonizing organ-
isms and true pathogens

2. Deep cultures of the ulcer or the bone are more reliable
but are more invasive to perform

3. Swab cultures identify the same pathogens as bone culture
in only 19-36% of patients.

4. If the patient is responding to empiric therapy, it is not
necessary to culture.
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C. Diagnosing complications

1.

Cellulitis: clinical diagnosis (see Chapter 15, Edema)

2. Osteomyelitis (Table 11-6)

a. Open bone biopsy with culture is the gold standard.

b. Needle bone biopsy subject to sampling error (sensitiv-
ity, 87%; specificity, 93%; LR+, 12.4; LR—, 0.14)

c. Being able to see bone or to probe the ulcer down to bone
increases the probability the patient has osteomyelitis

d. C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), CBC, blood cultures not sufficiently sensi-
tive or specific to diagnose osteomyelitis.

e. MRI is the imaging procedure with the best test char-
acteristics; bone scan and WBC scans are less specific.

MRI scan is the best imaging procedure to diagnose
osteomyelitis in a patient with a diabetic foot ulcer.

osteomyelitis.

v A normal CBC, CRP, or ESR does not rule out

Treatment

A. Preventive foot care

1.
2.

Improve glycemic control