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Foreword

The exponential growth of medical knowledge in the last half of the twen-
tieth century led to dramatic improvements in the ability of physicians to
diagnose and treat disease. Today, patients coming to a physician with a new
symptom typically assume the physician will be able to figure out what is
wrong with them, and “fix it.” While this confidence is a great compliment
to our profession and the research that underlies these advances, it has often
proven to be misplaced. We caregivers make many mistakes in applying that
knowledge. Our diagnoses are not always correct, and errors are made in
applying treatments, even in such seemingly simple tasks as identifying the
correct patient or the correct medication.

The patient safety movement began with evidence that a huge number of
patients were being harmed by errors in their care. This led to the appre-
ciation of insights from human factors engineering, that most errors can be
prevented by designing processes and systems to reduce reliance on human
thought processes that are known to be unreliable. It was a logical step to try
to apply these industrial concepts to healthcare, a prospect enthusiastically
embraced by doctors, nurses, pharmacists, and others whose personal expe-
riences often provided strong motivation for change.

An immense voluntary improvement effort arose—governments have
given far too little support—resulting in significant improvements in spe-
cific areas, such as reductions in medication errors and hospital-acquired
infections. However, these successes have made little dent in overall patient
safety. Hundreds of thousands of patients are still injured each year because
of our mistakes. Many are errors in diagnosis, the failure to recognize a seri-
ous medical condition or take appropriate measures to identify it so it can be
treated in a timely fashion.

Diagnostic errors are, in fact, a huge problem. Some have estimated that
12 million Americans experience a diagnostic error each year, of which
40,000-80,000 are fatal. Diagnostic errors are the leading reason for malprac-
tice suits. It is urgent, therefore, to ask why, if we know so much, do we have
so much trouble applying that knowledge appropriately.

From the beginning of the patient safety movement, there were those,
especially the authors of this book, who realized that the issues were more
complicated and the causes of errors much deeper than failures of systems.
More precisely, most errors result from the dysfunctions of human thought
processes. These are the failures that our systems need to compensate for.
And we haven’t done very well.

The reasons are that cognitive failures are many and complex, and prevent-
ing or intercepting them requires multiple strategies—changes in multiple
types of “systems,” if you will. We have learned a great deal about cognitive

vii
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functioning, and it is well explicated in what you are about to read: how we
solve problems, the power of cognitive and affective biases, the difficulties
we have in understanding probabilities, the individual and external factors
that affect our thinking, and the importance of rationality, to highlight only
some factors.

Armed with this information, the conscientious physician will ask, “What
can I do?” What “systems” can I put in place for reducing biases, for mini-
mizing the effect of individual variations in personality, gender, aging, and
beliefs, for enhancing rational thinking? The authors do not disappoint.
They offer advice both for better training of physicians and methods to help
physicians in practice.

Substantial changes are needed in how we educate our doctors. By all
accounts, modern medical schools do an excellent job in equipping their
graduates with the knowledge they need—or how to get it—for diagnosis
and treatment, the “what” of medicine. They have done a far less impres-
sive job in teaching doctors the “how” of applying that information, both in
terms of the critical thinking needed for accurate diagnosis, and in commu-
nicating with colleagues and patients. Learning these skills has typically not
been the focus of formal education, but has largely been left to the old-style
apprentice system, in which it is assumed that the student will learn from
the examples of their mentors. Sadly, the mentors too often suffer from the
same limitations of biased, intuitive, and irrational thinking.

To address this problem, the authors call for medical schools to empha-
size the crucial role of analytic and rational thinking by teaching it! They
call for adding behavioral science as a new basic medical science, with par-
ticular emphasis on cognitive psychology, clinical reasoning, and above all,
rationality. They point out that rationality has the most powerful impact on
diagnostic decision making. Medical students must learn early the extent to
which we are all susceptible to the cognitive and affective biases that can
lead to cognitive failure.

For the established physician, attention turns to methods for mitigating
cognitive biases.

Combating cognitive biases is a never-ending task, even for those who
appreciate its necessity and are committed to it. The authors have a plethora
of suggestions, 19 in all, from methods to increase awareness to establish-
ment of decision rules and forcing functions.

Is information technology (IT) a critical part of the solution to improving
diagnostic accuracy? Certainly. Whatever detractors may say about the elec-
tronic health record (EHR), few would disagree that its capacity to provide
the information needed, at the time it is needed, in a form that can be used, is
one of IT’s great strengths. As the EHR becomes the norm, now finally near-
ing 90% of hospital and office records, this resource is more widely avail-
able. Decision aids are increasing in sophistication and usability, including
methods to identify and compensate for biases that have the potential to
significantly improve diagnostic accuracy.
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In short, the authors provide a great deal of information about the “what”
of cognitive dysfunction, and practical guidance concerning the “how” of
compensating for it. But they leave the reader with the most difficult chal-
lenge: changing the culture of medicine so that the focus on how we think
is given comparable status to the emphasis on the “what.” Fortunately, they
provide ample ammunition for that battle.

Lucian L. Leape
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Preface

Diagnosis is the core of medicine. To be a good diagnostician is to have
diagnostic acumen, the essential characteristic of the effective clinician.
Diagnostic success leads to more therapeutic success because, with an accu-
rate diagnosis, an appropriate treatment can be offered. Patients have a bet-
ter chance of a cure and improved outcomes. Improved diagnosis means that
a variety of derivative benefits will accrue to clinicians, such as the satisfac-
tion of having helped the patient, the esteem of colleagues, self-gratification,
and perhaps professional success. It has been this way since its primitive
beginnings in the hands of shamans. Over the years, medical diagnosticians
have become increasingly sophisticated in their approach, and advances in
knowledge and technology have allowed remarkable diagnostic differentia-
tion of disease in all areas of medicine with equally sophisticated treatments.
The foci of a cerebrovascular accident or a myocardial ischemic event can be
diagnosed and delineated within millimeters, and timely interventions can
target the offending lesion.

However, before these impressive technologies can be successfully applied,
some differentiation of the disease needs to be made. Therein lies the chal-
lenge. Often, the initial presentation of disease may be incomprehensible,
subtle, obscure, abstruse, and occasionally completely misleading. Critical
signals need to be separated from considerable noise. For example, pneumo-
nia (a respiratory diagnosis) and migraine (a neurological diagnosis) may
both present as abdominal pain, which suggests a gastrointestinal diagnosis.
Patients do not present themselves to doctors with neat labels saying what
they have, instead they have signs and symptoms that may or may not be
helpful in establishing an accurate diagnosis. Diagnosis is not like prospect-
ing for gold where an unambiguous nugget presents itself. The initial mani-
festation of disease may be a fairly thick end of a large wedge that eventually
narrows down to the business end, and that narrowing down process may
be a hazardous journey with signposts along the way that only sometimes
point in the correct direction. Often, physicians are dealing with indistinct,
shadowy possibilities of where the correct path might lie.

The illustration on the cover of this book characterizes the uncertainty of
the diagnostic process. Published in 1855, it depicts Plato’s Allegory of the
Cave, first described in The Republic in 380 BCE. Three prisoners have been
chained at the head and neck since birth so that they can only look at a wall
on which shadows cast by their cave fire reflect the shapes of objects behind
them which they can never directly view. Their reality is only shadows. The
issue for Plato lay in establishing the nature of reality. Can we ever be said to
know true reality if the world that we see is only a shadow of the form that
the world represents?

xi
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So it is with diagnosis. Diseases may be entirely invisible. At the outset,
we rely on signs and symptoms that are one or more steps removed from
the actual nugget. Often what the clinician sees is only a shadow of a covert
process, and if they blindly trust what they see, they may be effectively blind.
As Sir Zachary Cope noted, “Spot diagnosis may be magnificent, but it is not
sound diagnosis. It is impressive but unsafe.” Trusting shadows may be a
dangerous business.

Diagnosticians have to deal with many shadows. They must learn not to
trust shadows that are ill-formed or unfaithful representations of reality, or
shadows that their perceptual processes misrepresent to them, or second-
hand shadows that have been passed on to them from others. Part of being
a well-calibrated diagnostician is treating shadows with the respect they
deserve and, along the way, acquiring some intellectual humility—being
aware of one’s own failings in perceptions and beliefs and the vulnerability
of the human brain toward bias. Bias may distort the shadowy constructs
of reality.

We might well misjudge our abilities and our successes if it weren’t for the
undeniable fact that too often we fail, and too often we err in our efforts at
diagnosis. What is even more difficult is to determine how we arrived at the
wrong conclusion in the first place, and how we can perform better given
similar circumstances again. Although we may analyze and critique these
events, frankly we are often blind to any accurate understanding of why
our clinical reasoning and our system of care failed. We try to learn from
these failures, but without real insight it is likely that we merely appease our
apprehension without necessarily improving our thinking, our science, or
our systems of care.

If this book had been written a century ago, most of its content would
probably have focused on how physicians think, reason, and decide. In some
medical curricula, as early as the tenth and eleventh centuries (for example,
at the medical school at Salerno in Italy), philosophy, logic, and critical think-
ing were considered essential elements of training. In contrast, in modern
curricula, these topics receive scant treatment. Similarly, in assessment of
the diagnostic process, there is a bias toward medical orthodoxy. This takes
the form of examining the failure of medical systems in medical terms and
often in the language of medicine. How physicians think is an area that
has attracted less than reasonable attention. There is a perceptible deficit in
addressing some of the cognitive processes that underlay the Salerno tradi-
tion. Readers will notice a distinct emphasis here on cognitive aspects of the
diagnostic process which have typically not received sufficient attention in
modern treatments. This will entail incorporating the language of cognitive
science. If we are to understand and embrace this area in our discussion of
diagnosis, these unfamiliar terms and concepts will need to be introduced
and incorporated into our lexicon. Likewise, we need to acknowledge that
there are invisible traps in diagnostic processes—latent defects that can cre-
ate situations and moments of vulnerability that may be unrecognizable at
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the time, but ultimately manifest with risk and failure due to system and
organizational deficiencies. We cannot afford to remain blind to these faults,
lest they ensnare us and derail the diagnostic process.

The Allegory of the Cave depicts the different responses of those allowed
to escape the cave and view the sun. Some cower in fear, pained by the light
and perhaps confused. Others recover to celebrate the daylight. Similarly,
clinicians may react with distrust and suspicion to ideas that challenge tradi-
tional models of thinking, training, and methods of diagnosis. But we hope
that the ideas shared in this book will enlighten the reader and energize a
renewed interest in and commitment to excellence in diagnosis.

In recent years, several new books have appeared which have made laud-
able contributions to our understanding of the process of clinical reasoning
that underlies diagnosis. Our intention in writing this book is to add to that
burgeoning literature while addressing some of the shadowy areas of the
diagnostic process. Of these, cognitive processes loom large, but we will also
try to flesh out some of the more straightforward areas with which we do
pretend some familiarity. Several topics, not usually part of the medical dis-
cussion on diagnosis, will be addressed for the first time. We hope this book
will spawn further interest and research into some of these areas.
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What Is Diagnosis?

Karen Cosby
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|

Defining Diagnosis

Interested readers who pick up this book do not need the concept of diagno-
sis explained. However, it is likely that each of us has a different perspective
and understanding of what a diagnosis is, and what we mean in our dis-
course about diagnosis. Most would agree that a diagnosis is an explanation
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of a pathological condition with determination of the underlying cause(es)
and pathophysiology. A complete and accurate diagnosis explains physi-
cal manifestations, predicts the natural course and likely outcome, antici-
pates potential complications, and leads to suggested treatment options. An
accurate diagnosis is essential to a successful medical encounter. A missed
or delayed diagnosis may result in diminished opportunity to intervene to
change the natural course of the disease. A misdiagnosis may lead to inef-
fective or even dangerous actions that may complicate the illness.
Depending on the setting and our own particular role in medicine, we
may have widely varying ideas about what constitutes a diagnosis, and the
degree of precision, accuracy, and certainty carried by a diagnostic label;
examples of types of diagnoses are shown in Figure 1.1. An office-based

FIGURE 1.1

Examples of types of diagnoses, reflecting different phases of the diagnostic process, as well as

Initial diagnosis
Preoperative diagnosis
Working diagnosis
Symptom-based diagnosis
Prenatal diagnosis
“Suspected” diagnosis
Admitting diagnosis
Nursing diagnosis
Self-diagnosis

Clinical diagnosis
Laboratory diagnosis
CT diagnosis
Pathology diagnosis
Evolving diagnosis
Alternate diagnosis
Retrospective diagnosis
Principal diagnosis

Confirmed diagnosis

Preliminary diagnosis
Postoperative diagnosis
Differential diagnosis
“Rule-out” diagnosis
Screening diagnosis
Diagnosis of exclusion
Discharge diagnosis
Billable diagnosis
“Diagnosis-by-Internet”
Tissue diagnosis
Computer-aided diagnosis
Radiology diagnosis
Histology diagnosis

Phone diagnosis

Remote diagnosis (telemedicine)
Leading diagnosis

Final diagnosis

Postmortem diagnosis

differing degrees of accuracy, certainty, and finality.
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primary care doctor may be comfortable inferring the diagnosis of urinary
tract or kidney infection based on a clinical syndrome of flank pain, fever,
and dysuria. If that same patient visits an Emergency Department, the diag-
nosis may be confirmed by urinalysis. If there is a suspicion of complicated
disease, the clinician may order a computed tomography (CT) scan to rule
out perinephric abscess or infected renal stone with obstruction. If admitted,
a hospitalist might rest his final diagnosis on the results of a urine culture
to identify the exact organism and sensitivities to antibiotics. An infectious
disease researcher might require an immunofluorescence study of urinary
sediment to identify antibody-coated bacteria to distinguish between upper
and lower urinary tract disease. Each of these clinicians is correct, but all
with varying degrees of certainty and precision. Each has a risk of being
wrong if information is incomplete or results are misinterpreted.

The Challenge of Making a Diagnosis

Most medical encounters revolve around screening for diseases or conditions,
solving problems that patients present with, or taking actions on a presumed
or established diagnosis. It is vitally important to recognize the natural limita-
tions in our ability to detect and diagnose disease. There are a number of rea-
sons why the diagnostic process is often challenging, inexact, or even wrong.

Biological Systems Are Complex

Biological systems have limited expressions of disease. The classical descrip-
tion of inflammation defined by the Roman scholar Celsus in the first cen-
tury AD still applies today. The human body has four main ways to respond
to injury or illness: calor (heat, warmth), dolor (pain), rubor (redness), and
tumor (swelling) [1,2]. These general responses are largely nonspecific.

The characterization of most diagnoses begins with recognition of syn-
dromes — signs and symptoms that form recognizable patterns. With time
and further study, we may come to better understand the underlying patho-
physiology. At the bedside, however, diagnosis still tends to rely on pattern
recognition. Unfortunately, many patterns overlap. A classic example is a
patient with a painful, red, swollen leg. The diagnosis may be a fracture or
soft tissue injury, underlying abscess, hematoma, gout, arthritis, venous sta-
sis, deep venous thrombosis, cellulitis, lymphedema, or rash. The symptoms
may be caused by edema from heart failure, nephrotic syndrome, nutritional
deficiency, hypothyroidism, or even a side effect of medications. Some cases
are a combination of problems, such as cellulitis from a minor abrasion in a
leg with chronic edema from heart failure. Experienced physicians may be
able to distinguish between these diagnoses by examination alone, but some
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will require testing to rule in or rule out some possibilities. Eventually, most
diagnoses are confirmed with time, and are often declared by how a patient
responds or fails to respond to various interventions.

Biological organisms are made of multiple systems that exist in equilib-
rium. Perturbation in one system may manifest symptoms or problems in
another. One diseased state can upset that equilibrium, especially in patients
with chronic disease. A minor respiratory ailment may cause decompensa-
tion of heart failure in patients with underlying heart disease. The initial
diagnosis of a simple respiratory ailment may lead to a serious deterioration
and more important diagnosis in another system.

Manifestations of disease may surface distant from the underlying prob-
lem. The painful red eye of iritis may be due to any number of underly-
ing multisystem diseases. Patterns of illness may be incomplete or atypical.
Some presentations are so atypical they defy explanation, such as painless
aortic dissections, pyelonephritis without pyuria, acute coronary syndromes
without chest pain, and asymptomatic pulmonary emboli, to name just a few
examples. Illness is dynamic. Anyone witnessing the fulminant course of
meningococcal meningitis or necrotizing fasciitis can attest to how quickly
initially benign presentations can progress to devastating illness.

Emerging Infections

Diseases caused by infectious agents inevitably change as organisms evolve.
Just as new strains of influenza emerge each year, new infectious agents may
occur sporadically with little warning or time for preparation, such as Severe
Acute Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome
(MERS). With global travel, clinicians may encounter organisms they have
only read about, such as occurred with the first case of Ebola in the United
States [3]. Fear of vaccination complications has led to the recurrence of once
common diseases that were well controlled by standard preventive care, dis-
eases that many clinicians have never seen and have no experience with,
including polio and measles. Threats of bioterrorism raise the possibility of
manufactured biological weapons and the remote possibilities of conditions
that would likely challenge any clinician or healthcare system. As science
improves, new diagnoses are defined and characterized. The interminable
progress of science and the remarkable variety of infectious diseases make
it difficult to reliably know, let alone recognize, all possible disease states.

Calibration Is Difficult

Clinicians often do not get feedback about their diagnoses [4] and may not
recognize when they are wrong [5]. One of the difficulties in conducting
diagnostic evaluations is that the actual diagnosis is not known upfront,
even when both patient and provider may feel quite certain about it after lim-
ited evaluation. A wrong diagnosis may only be apparent after a condition
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worsens or complications arise. The mismatch between certainty and accu-
racy betrays both provider and patient: the provider experiences the sting
of remorse and failure; the patient experiences (perhaps) avoidable conse-
quences of the delay and, at the very least, inconvenience.

Common Misperceptions about Diagnosis:
What Does My Diagnosis Mean?

The cognitive underpinnings to clinical reasoning and system influences
on the diagnostic process are discussed in detail throughout this book.
However, it is useful to pause to ask how our method of diagnosis impacts
what we mean by a diagnostic label. From one point of view, not all diagno-
ses are equal. In fact, many diagnoses are neither certain nor final.

The Value of “No Diagnosis”

First-line physicians do not always make a formal diagnosis for all complaints.
A patient who presents with chest pain will typically have a clinical evaluation
(history and physical examination) and basic tests (electrocardiogram, chest
x-ray, troponin, d-dimer). Absent any clear explanation, they may be offered
a diagnosis of exclusion, such as nonspecific chest pain, implying a condition
likely of no consequence. No true diagnosis may be reached. Both provider
and patient may be satisfied to accept the absence of significant disease as an
end point itself without reaching a specific diagnosis or explanation for their
symptoms. In fact, the willingness to avoid a premature label for a clinical syn-
drome is desirable, since an inaccurate label may mislead both the patient and
other clinicians at future encounters. In cases where there is no clearly estab-
lished diagnosis, a label of “not yet diagnosed” (NYD) may serve as a marker
of need for future testing should the condition persist or worsen.

Presumed Diagnosis

In some cases, diagnoses are only presumed based on local epidemiology,
a patient’s risk profile (comorbidities, family history, social history), and
how well their symptoms match typical patterns. Formal testing is often
not necessary. When testing is done, it is often ordered to “be safe,” to rule
out something more serious. Many diagnoses are never confirmed. And for
many conditions, testing is unnecessary, since most healthy people recover
from limited illness in spite of lacking a formal, specific diagnosis. Most
benign viral infections are presumed. A classical presentation of a common
condition is often presumed but not tested.
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Diagnostic (and Treatment) Thresholds

At times, a clinical presentation is sufficient to trigger treatment even with-
out testing. The benefits of treatment may simply outweigh the potential
side effects. If the treatment is straightforward and cost-effective, it may be
simply more pragmatic to treat. A diagnostic and treatment threshold has
been met, although few would say that a firm diagnosis has been proven
or tested [6,7]. One example is a decision to treat a febrile patient with an
exudative pharyngitis with antibiotics without formal testing.

The Diagnostic Trajectory

Diagnoses may be made with a single visit for short-lived or self-limited con-
ditions. For others, however, a diagnostic process may evolve over time with
repeated visits and reassessments. It is useful to refine how patients and doc-
tors think about the diagnostic process. Instead of prematurely placing diag-
nostic labels that infer certainty and finality, it is more realistic to think of the
process as a diagnostic trajectory.

On one end of the trajectory is a single visit at one period of time. The qual-
ity of diagnosis from a limited evaluation is determined by the quality of
information obtained and how typical the illness is. But with limited evalua-
tion, there will always be some degree of uncertainty. For minor conditions,
the consequence of this uncertainty is usually harmless. For persistent or
severe symptoms, a more aggressive approach to diagnosis will need to be
pursued. As the diagnostic trajectory is followed, additional testing, imag-
ing, and consultation may be necessary. The diagnostic trajectory begins
with little information and high uncertainty, but progresses to become a
more refined, accurate, and complete diagnosis. This process works better
if patients are aware of their role in following the path that leads to a more
sophisticated assessment. It also only works when providers recognize when
they need to advance their differential diagnosis to consider alternative pos-
sibilities and if necessary, seek specialty consultation and additional tests. If
the diagnosis does not become progressively more certain and specific over
time, or the patient fails to improve or even worsens unexpectedly, the initial
diagnosis should be reconsidered, because it might be wrong. Discussions
about diagnosis often do not involve communication about where provid-
ers are in this diagnostic trajectory. A diagnosis may be presumed based
on symptoms alone, confirmed by preliminary screening tests or imaging,
or fully established having considered a broad differential and extensive,
specific testing.

It is important to recognize that this process should proceed at a pace dic-
tated by the severity of illness. In patients with acute illness, the trajectory
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may require hospitalization and rapid mobilization of intensive emergency
resources. For others, the process may evolve over weeks and months. It is
essential that patients understand the process; those who don’t may skip
from doctor to doctor, each time finding lack of satisfaction as each provider
duplicates the efforts of previous physicians.

The Patient’s Perspective on Diagnosis

Patients seek a diagnosis in hopes of finding an explanation for their symp-
toms and treatment options to help them feel better and live longer. For
them, a diagnosis may mean relief, reassurance, and hope; for some, a bad
diagnosis may bring despair. Some diagnoses can have profound implica-
tions on personal decisions for career and work (Should I change jobs?),
family (Should we move closer to relatives?), finances (Should we take that
dream vacation now or save more for life insurance?), personal goals (Can I
train for a marathon?), and even reproduction (Can we, or should we, have
a baby?). Patients seek and need clarity and certainty for their diagnoses.
Unfortunately, diagnosis is often not as clear or certain as some expect.
Indeed, patients often think that a diagnosis is a fact, a simple black and
white determination, when it is probably better described as a conclusion
that is based on assumptions and imperfect evidence, and one that can be
challenged, questioned, reassessed, and revised as needed. Patients may not
be informed about how certain their diagnosis is, or aware of the limitations
of diagnostic labels. A change in their diagnosis may be unsettling to them,
and may even cause them to lose trust in their provider or suspect that they
may have been misled. Worse, if patients do not understand how precarious
a diagnosis can be, they may fail to seek reevaluation when needed, or may
make choices they later regret.

Diagnostic Error

Our current understanding of disease and our methods of diagnosis are
imperfect. There is a growing awareness of the frequency and nature of
diagnostic error. The Institute of Medicine report, Improving Diagnosis in
Health Care, defined diagnostic error as “a failure to establish an accurate
and timely explanation of the patient’s health problem(s), or communicate
that explanation to the patient” [8]. Although simply enough stated, crite-
ria for “accurate” and “timely” are not easily defined or standardized. A
diagnosis of “chest pain” is accurate, though imprecise; that label might
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do well enough for a chest wall strain, but will hardly help a patient with
a heart attack. What about “timely”? If we are to intervene successfully, a
heart attack should be recognized within minutes, but we could reasonably
accept a few weeks to figure out a diagnosis of porphyria. Determinations of
diagnostic errors and delays are all contextual and based on a final diagnosis
that often can’t be known with certainty at the outset.

The topic of diagnostic error is difficult to understand, study, and solve.
Once a diagnosis is known, there is a tendency to judge every evaluation that
preceded the moment of certainty to be wrong or unnecessarily delayed. It
is difficult, perhaps impossible, to reconstruct history to understand how
a diagnosis wasn’t made earlier. It is helpful to recognize that as diseases
and conditions evolve, patterns become more complete and more specific,
abnormal physical findings become more apparent, and the growing body
of evidence adds to a more complete and accurate picture.

Although the numbers may be disputed, physicians may be largely
unaware of how common diagnosis error is, or of limitations in their own
diagnostic accuracy [5]. The Society to Improve Diagnosis in Medicine (SIDM);
Best Doctors, Inc.; and In Need of a Diagnosis are examples of organizations
committed to improving diagnoses [9-11]. In dealing with diagnostic error, it
would be wise for clinicians to remain humble about their diagnostic conclu-
sions, recognizing that diagnoses are too often inaccurate. Patients should
be warned that a diagnosis is only good as long as it advances them toward
health or at least provides a reasonable explanation of their condition; unex-
pected worsening or failure to improve should prompt reassessment and
further inquiry.

The Evolving Science of Diagnosis

Biomedical science and technology are rapidly evolving. Conditions that
once were described only as a clinical syndrome are now characterized and
understood on a genetic, cellular, and molecular basis. Genomic analysis can
now characterize even exceptionally rare conditions. Tumors can be reclas-
sified even as they change in response to treatment. With improvements in
diagnostic tests, conditions can be detected earlier, some even before they
cause symptoms.

Entire industries exist to develop new treatments, and as more effective
treatments arise, standards for screening and diagnosis may need to be
adjusted. Changing recommendations for controlling blood pressure and
blood glucose are just two examples of new definitions for the diagnosis of
hypertension and diabetes driven by changing standards for treatment.

Improved methods of detection and better treatments make previous
diagnostic labels outdated. What might have been unknown, undetectable,
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or untreatable a decade ago might well be labeled a diagnostic error today if
missed or delayed.

Conclusion

While our technology is impressive, it is important to acknowledge that
limitations and challenges in achieving timely, accurate, and complete diag-
noses persist and deserve our attention. Some involve our most basic skills
in thinking and medical reasoning, the purview of providers. Some of the
challenges require that we recruit help from outside traditional domains
of medicine, including those who can help design robust and reliable sys-
tems of care. And increasingly, our efforts at making diagnosis accurate and
timely may benefit from the voices of philosophers and ethicists (How much
diagnosis do we want?) and even considerations about public policy (How
much diagnosis can we afford?). This book is our attempt to grapple with
these concepts.

SUMMARY POINTS

e Diagnosis is often imprecise and imperfect.

* Biological systems are complex and have limited expressions (signs
and symptoms) of disease.

e Providers often make presumptive diagnoses with limited evidence.

¢ Diagnosis may require time and repeat assessments; it is important
for both providers and patients to recognize where they are in the
diagnostic trajectory.

e Diagnostic failure and diagnostic errors are common.

* Although medical science is advanced, the field of diagnosis is still
evolving.
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Introduction

The primary work of diagnosticians involves investigating the source of ill-
ness, collecting evidence, drawing conclusions, and communicating results.
The process of diagnosing typically involves a series of steps requiring a
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variety of specific skill sets and expertise. Diagnosis is not a singular or
necessarily linear process. From patient to patient, the process can differ,
depending on circumstances, how simple the problem is, how direct a cause
is assumed, and whether or not an intervention or treatment is identifiable
and without controversy or contraindications. Although diagnostic path-
ways are sometimes reduced to algorithms, in reality, medical decision mak-
ing is often less ordered, and frankly, even a bit messy. There are endless
variations of illness, and the task of considering, weighing, and testing the
possibilities relies on a foundational knowledge of bioscience and epidemiol-
ogy, reasoning skills, and something we vaguely attribute to clinical reason-
ing and judgment, the skills gained from exposure and practice. This chapter
explores the largely unseen, even unspoken, mental process of clinical rea-
soning and the making of a diagnosis.

Models of Clinical Reasoning: Analytical versus Intuitive

Diagnosis has been described as a sequential process that leads from input
data (patient manifestation of disease) to output (diagnosis) [1]. There are
two intrinsically different models for how clinicians process clinical data
to determine a diagnosis: an analytical model (the rational quantitative
approach) [2,3], and a nonanalytical model (the intuitive approach) [4-6].

The Analytical Model

The rational quantitative analytical approach is based on the hypothetico-deductive
model that resembles the work of scientists who gather facts, then develop
and test hypotheses [2,3]. The process is slow, deliberate, and methodical.
Kassirer and Kopelman describe five phases of an analytical approach to
diagnosis in their classical textbook Learning Clinical Reasoning [3], includ-
ing the gathering of facts, generating hypotheses for a differential diagnosis,
testing, refining, and then finally verifying the final diagnosis (Figure 2.1).
Because of its foundation in the scientific method, the rational analytic
method has enjoyed respect and has been viewed as a method of serious
thinkers. But the analytical approach is tedious and slow, and on a prac-
tical level, too inefficient for the rapid decisions demanded of most clini-
cal settings. An analytical approach is traditionally viewed as a beginner’s
approach, when experience is limited and reasoning must by necessity be
thorough and cautious. Experienced clinicians may use detailed analysis
when working with new or unfamiliar problems. Analytical methods may
also be useful for complex problems that require multiple specialty con-
sultations or in situations where time and circumstances allow, such as for
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Gathering of facts

7

Hypothesis generation
v
Hypothesis testing
v
Hypothesis refinement

7

Hypothesis verification

FIGURE 2.1
Five phases of diagnosis. (Based on Kassirer, ].P. and Kopelman, R.1,, Learning Clinical Reasoning,
Lippincott Williams & Wilkins, Philadelphia, 1991 [3].)

problems referred to tertiary care centers specializing in particularly dif-
ficult or rare cases.

Classically described as an exhaustive method, the hypothetico-deductive
approach need not necessarily be an all-or-nothing technique. Physicians
have adopted abbreviated forms, generating short lists of diagnostic consid-
erations based on prevalence and characteristic features of illness, then rul-
ing out a few alternatives to be sure they don’t miss atypical variants. This
is a practical but reasoned adaptation to the more formal method that helps
catch outliers and mimics of common conditions.

The Intuitive Model

The intuitive model contrasts sharply with the analytical mode [5]. With exper-
tise, and with practice, clinicians begin to recognize common patterns. On
encountering a case, they assess whether or not they recognize the problem.
With time and exposure to a variety of cases, clinicians assimilate similari-
ties and discriminating features that allow them to use pattern recognition
much of the time. The intuitive mode is almost instantaneous. Because it is
quick and energy efficient, most prefer to use the intuitive mode rather than
labor in an analytical mode. While clinicians may not like to admit it, some
have been known to suppress a painful groan when encountering cases that
force them into analytical mode; for example, when needing to evaluate the
weak and dizzy elderly patient.

While clinicians might like to consider themselves rational and believe
they use analytical thought for diagnosis, there is good evidence that most
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diagnoses are made not through a reflective analytical approach, but rather,
simply by rapid pattern recognition [7]. The ability to recognize a diagnosis
with limited information uses cognitive skills similar to those of recogniz-
ing different human faces. The rapid, almost instantaneous recognition of
a familiar face happens with little conscious thought. The judgment is not
based on listing a set of features and drawing the conclusion; rather, there is
an appreciation for the essence of the person (their general appearance but
also their mannerisms, their gait, their smile), characteristics that one may
not even be aware of noticing. Experts perceive something bigger than the
sum of the parts, features that somehow bring recollection of similar cases in
their past and how they relate to the present one before them [5]. The ability
to rapidly recognize a clinical syndrome is sometimes referred to as a hallway
diagnosis, a term aptly describing conditions that clinicians recognize with
a casual glance absent any objective information. The dramatic appearance
of renal colic, a woman in labor, and flash pulmonary edema are a few such
examples common to acute care medicine.

The acquisition of knowledge in the biosciences (biology, anatomy, pathol-
ogy, and pathophysiology) forms an essential foundation for clinical reason-
ing in medicine; but clinical expertise also requires a kind of diagnostic sixth
sense that arises not so much from medical “book knowledge,” but rather,
from the set of clinical experiences encountered over time [5]. Experts have a
large repository of disease “faces” and thus are able to expand their recogni-
tion of even subtle variations in disease presentation.

In reality, clinicians rely on both analytical and intuitive reasoning [6,8,9].
When cases are simple and straightforward, pattern recognition is efficient
and accurate; when problems are unfamiliar, complex, or difficult, most phy-
sicians downshift to a more methodical, slower, reflective pattern—a practice
that likely improves diagnostic accuracy [7]. The challenge for the clinician
is to know when to use which strategy, and to recognize signals that should
trigger a switch into the alternate mode. This back and forth strategy is also
a feature of the dual process model for clinical reasoning described in depth in
Chapter 3: the analytical mode is analogous to System 2; the intuitive mode
is analogous to System 1 [10-12]. These concepts are now widely recognized
and popularized in recent best-selling books, including Daniel Kahneman’s
Thinking, Fast and Slow [13], Malcolm Gladwell’s Blink: The Power of Thinking
without Thinking [14], and Michael R. Legault’s Think!: Why Crucial Decisions
Can’t Be Made in the Blink of an Eye [15].

Physicians typically don’t think much about which type of reasoning they
use; the choice is natural and largely unconscious. Having concluded that
their patient has acute pulmonary edema, they might be hard pressed to
explain how they know what they know. If questioned, they might describe
the picture they are so familiar with: the patient has dyspnea, frothy sputum,
and diaphoresis, is anxious and sitting upright, and has severe uncontrolled
hypertension; but if urged to explain more, they might be—well, annoyed
with the request. Intuition is easy and energy efficient, and allows them to
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proceed with a course of action with minimal delay. In fact, if asked to slow
down or reconsider the diagnosis, some would argue that the diagnosis is
obvious and doesn’t merit much thinking at all. However, should something
unexpected happen, or a new fact emerge that confounds the diagnosis, cli-
nicians may need to rethink their diagnosis and resort back to analytical
mode.

|
Logical Reasoning in Diagnosis

The formulation of a diagnosis can be viewed as the development of an argu-
ment. Evidence is collected and analyzed, and a conclusion (or diagnosis) is
reached. If diagnoses are rational and objective, rules of logic might inform
us of how valid our conclusions are, how well we reason, and where we
might err in the process [16-20]. There are two principal types of logical rea-
soning: deductive and inductive.

Deductive Logic

Deductive reasoning begins with a general premise, and leads to the specific. If
the premise is true, then the conclusion is certain. Deductive proofs in math
are a good example:

a. Ifx=3
b. Andify=4
c. Then 3x +y =13.

If the premises (a and b) are true, ¢ is necessarily true. Deductive proofs
like this are reliable and accurate, leaving no uncertainty.

Similarly, a deductive syllogism (a natural language equivalent of the math-
ematical example) looks like this:

Premise 1: A treatment ought to be covered by insurance companies if
it has been proved to save lives.

Premise 2: Treating hepatitis with antivirals saves lives.

Conclusion: Insurance companies ought to cover the cost of treating
hepatitis.

The conclusion is valid (it follows from the premises); however, one can
question the premise and thereby refute the conclusion: should insurance
companies cover the cost of treatment for all conditions, independent of the
burden of the cost and availability of treatments?
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While deductive logic is certain and accurate, it is not generative; that is,
it does not improve understanding or generate new theories or knowledge.
Thus, deductive reasoning does not adequately describe or fit the clinical work
of diagnosis, and it cannot solve diagnostic questions. In diagnostic reasoning,
we don’t start our reasoning from premises of known general scientific knowl-
edge. We start with a problem, an ill-defined set of signs and symptoms, and
reason backward to postulate a cause. Thus, diagnosis needs a different logic;
our initial steps 