
 

This paper was originally published by Sage as: 
Hertwig, R., Meier, N., Nickel, C., Zimmermann, P.-C., Ackermann, 
S., Woike, J. K., & Bingisser, R. (2013). Correlates of diagnostic 
accuracy in patients with nonspecific complaints. Medical 
Decision Making, 33(4), 533–543. 
https://doi.org/10.1177/0272989X12470975 
 
This publication is with permission of the rights owner freely accessible due to 
an Alliance licence and a national licence (funded by the DFG, German Research 
Foundation) respectively. 
 
 

Nutzungsbedingungen: 
 
Dieser Text wird unter einer Deposit-Lizenz 
(Keine Weiterverbreitung - keine 
Bearbeitung) zur Verfügung gestellt. 
Gewährt wird ein nicht exklusives, nicht 
übertragbares, persönliches und 
beschränktes Recht auf Nutzung dieses 
Dokuments. Dieses Dokument ist 
ausschließlich für den persönlichen, nicht-
kommerziellen Gebrauch bestimmt. Auf 
sämtlichen Kopien dieses Dokuments 
müssen alle Urheberrechtshinweise und 
sonstigen Hinweise auf gesetzlichen 
Schutz beibehalten werden. Sie dürfen 
dieses Dokument nicht in irgendeiner 
Weise abändern, noch dürfen Sie dieses 
Dokument für öffentliche oder 
kommerzielle Zwecke vervielfältigen, 
öffentlich ausstellen, aufführen, vertreiben 
oder anderweitig nutzen. Mit der 
Verwendung dieses Dokuments erkennen 
Sie die Nutzungsbedingungen an. 

Terms of use: 
 
This document is made available under 
Deposit Licence (No Redistribution - no 
modifications). We grant a non-exclusive, 
nontransferable, individual and limited right 
to using this document. This document is 
solely intended for your personal, non-
commercial use. All of the copies of this 
documents must retain all copyright 
information and other information 
regarding legal protection. You are not 
allowed to alter this document in any way, 
to copy it for public or commercial 
purposes, to exhibit the document in public, 
to perform, distribute or otherwise use the 
document in public. By using this particular 
document, you accept the above-stated 
conditions of use. 
 
 

 
 
Provided by: 
Max Planck Institute for Human Development 
Library and Research Information 
library@mpib-berlin.mpg.de 

https://doi.org/10.1177/0272989X12470975
mailto:library@mpib-berlin.mpg.de


Correlates of Diagnostic Accuracy in
Patients with Nonspecific Complaints

Ralph Hertwig, PhD, Nathalie Meier, MSc, Christian Nickel, MD, Pia-Cristina
Zimmermann, MD, Selina Ackermann, MSc, Jan K. Woike, PhD,

Roland Bingisser, MD

Objective. To investigate diagnostic accuracy in patient
histories involving nonspecific complaints and the extent
to which characteristics of physicians and structural prop-
erties of patient histories are associated with accuracy.
Methods. Six histories of patients presenting to the emer-
gency department (ED) with nonspecific complaints were
provided to 112 physicians: 36 ED physicians, 50 intern-
ists, and 26 family practitioners. Physicians listed the 3
most likely diagnoses for each history and indicated
which cue(s) they considered crucial. Four weeks later,
a subset of 20 physicians diagnosed the same 6 histories
again. For each history, experts had previously deter-
mined the correct diagnoses and the diagnostic cues.
Results. Accuracy ranged from 14% to 64% correct diag-
noses (correct diagnosis listed as the most likely) and
from 29% to 87% correct differential diagnoses (correct
diagnosis listed in the differential). Acute care physicians
(ED physicians and internists) included the correct diag-
nosis in the differential in, on average, 3.4 histories,

relative to 2.6 for the family practitioners (P = 0.001, d =
.75). Diagnostic performance was fairly reliable (r = .61,
P \ 0.001). Clinical experience was negatively correlated
with diagnostic accuracy (r = –.25, P = 0.008). Two struc-
tural properties of patient histories—cue consensus and
cue substitutability—were significantly associated with
diagnostic accuracy, whereas case difficulty was not.
Finally, prevalence of diagnosis also proved significantly
correlated with accuracy. Conclusions. Average diagnos-
tic accuracy in cases with nonspecific complaints far ex-
ceeds chance performance, and accuracy varies with
medical specialty. Analyzing cue properties in patient his-
tories can help shed light on determinants of diagnostic
performance and thus suggest ways to enhance physi-
cians’ ability to accurately diagnose cases with nonspe-
cific complaints. Key words: nonspecific complaints;
diagnostic decision making; experience; emergency
department physicians; internists; family practitioners.
(Med Decis Making 2013;33:533–543)

Patients presenting to the emergency department
(ED) with nonspecific complaints, such as

weakness, fatigue, or dizziness, pose a challenge to
emergency physicians’ diagnostic decision-making
process. For instance, researchers involved in the
Basel Non-Specific Complaints (BANC) Study1

observed in unpublished data that in the ED, the
misdiagnosis rate in cases involving nonspecific

complaints is about 53%, relative to an overall rate
of less than 10%. This high rate of errors matters
because nonspecific complaints can be associated
with life-threatening conditions that require prompt
intervention to prevent further deterioration of the
patient’s health status.1 Moreover, according to
a large study, up to 20% of elderly patients present-
ing to the ED report nonspecific complaints.2

A key component in the process of diagnosing
patients with nonspecific complaints is the patient
history.3 The information encapsulated therein
guides the diagnostician’s initial decision-making
process. To investigate the properties of patient histo-
ries that affect diagnosticians’ judgment, we pre-
sented original patient histories, as recorded by the
admitting emergency physician,4 to physicians with
various medical specialties. We aimed to investigate
3 questions: First, is diagnosis of nonspecific com-
plaints presenting at the ED better than chance? Sec-
ond, does diagnostic accuracy relate to physicians’

Received 29 August 2011 from Center for Adaptive Rationality, Max
Planck Institute for Human Development, Berlin, Germany (RH, NM,
JKW), and Department of Emergency Medicine, University Hospital,
Basel, Switzerland (CN, PZ, SA, RB). Financial support from the Scien-
tific Fund of the Emergency Department, University Hospital, Basel,
Switzerland. Revision accepted for publication 25 October 2012.

Address correspondence to Ralph Hertwig, Center for Adaptive Ratio-
nality, Max Planck Institute for Human Development, Lentzeallee 94,
14195 Berlin, Germany; e-mail: hertwig@mpib-berlin.mpg.de.

DOI: 10.1177/0272989X12470975

MEDICAL DECISION MAKING/MAY 2013 533



specialty and other physician characteristics? Third,
what structural properties of the clinical case deter-
mine diagnostic accuracy?

THE PROBABILISTIC NATURE OF DIAGNOSTIC
INFERENCE

To appreciate the importance of the structural
properties of patient histories, consider the following
conceptualization of diagnostic inference. Much of
human perception and cognition can be understood
as a probabilistic inference process.5 For instance,
a twitching foot might commonly suggest that a per-
son is nervous, yet this cue can be uninformative or,
worse, misleading because people sometimes twitch
their feet for other reasons (e.g., because they are
excited) or for no particular reason at all.6 Because
cognition and perception are probabilistic and based
on imperfect cues, there is a natural limit to how
accurate they can be. Inevitable though errors may
be, they do not reflect a failure of the inferential sys-
tem but a probabilistic environment that is not per-
fectly predictable from the available cues.7

Diagnostic decision making can also be modeled as
a probabilistic inference. By extension, nonspecific
complaints such as feeling dizzy or fatigued can be
thought of as probabilistic cues, except that their pre-
dictive accuracy—that is, the relationship between
the cue (symptom) and the target (correct diagnosis)—is
likely to be weaker than that between specific symp-
toms and the correct diagnosis. The reason is that a non-
specific symptom such as fatigue is likely to arise in
a wider spectrum of diagnoses than, for instance, chest
pain. Consequently, the natural upper limit on the
accuracy of diagnostic inferences involving nonspe-
cific complaints is likely to be lower than that in spe-
cific complaints.

Taking as our starting point the probabilistic
nature of diagnostic inference, we analyzed 4 struc-
tural properties of patient histories: positive cue val-
idity, negative cue validity, cue consensus, and cue
substitutability. Each piece of information in a patient
history (henceforth cue) has 2 basic important charac-
teristics: its positive and negative validity. The posi-
tive validity of a cue refers to its ability to predict
the criterion (here the correct diagnosis). There exist
various definitions of positive cue validity.8 We define
it pragmatically as follows: the number of times that
a cue was identified as crucial by physicians who diag-
nosed the case correctly, divided by the total number
of times this cue was identified as crucial. By exten-
sion, negative cue validity is as follows: the number

of times that a cue was not identified as crucial by
physicians who misdiagnosed the case, divided by
the total number of times this cue was not identified
as crucial.

Another property of a cue—cue consensus—refers
to its ability to attract physicians’ consensual
endorsement. In many situations, knowledge that is
shared by many people corresponds by and large to
the truth.9 Similarly, a cue that is identified as crucial
by most physicians may also be more likely a valid
cue than a cue identified as crucial by merely a few
physicians. Common knowledge, however, does not
always track truth; sometimes the majority of people
get it wrong. By investigating cue consensus, we can
find out whether the domain of nonspecific com-
plaints is one in which common knowledge tracks
truth (‘‘kind environment’’) or fails to track truth
(‘‘wicked environment’’).10 Cue consensus is defined
as the number of physicians who selected a given cue
as being crucial for their diagnosis divided by the
total number of physicians.

Finally, cue substitutability (or vicarious function-
ing11) refers to the fact that different physicians can
arrive at the same diagnostic judgment by using dif-
ferent subsets of cues (symptoms, clinical findings,
etc.) or by attributing different degrees of importance
to the same cues in a patient history. For instance, in
a study of diagnosing streptococcal pharyngitis,
some physicians based the diagnosis almost entirely
on whether the patient had a fever and an inflamed
throat, whereas others made no use of these symp-
toms and instead relied on swollen tonsils and lack
of cough.12 This and related observations13,14 suggest
that medical problems differ in the degree to which
they provide interchangeable paths to the correct diag-
nosis. Metaphorically speaking, although not all roads
lead to Rome, there may be more than one road that
takes one there. Thus, cue substitutability—defined as
the percentage of physicians who arrived at the correct
diagnosis without considering any (or only some) of the
diagnostic cues (as predefined by the consensus judg-
ment of 2 experts) to be crucial—has the potential to
foster diagnostic accuracy.

METHOD

Definition

The diagnostic value of a symptom diminishes with
the number of its potential interpretations. Thus,
a poorly defined symptom has little discriminative
power in establishing a medical diagnosis, and if
physicians are uncertain about the exact nature of
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a symptom, they must take into account multiple com-
peting interpretations of the same set of complaints.15

Material

We used 7 patient histories, 6 with nonspecific
symptoms (target histories) and 1 with specific symp-
toms (control history). The selection of histories was
made in 2 steps: Based on an analysis of a sample of
1210 patients with nonspecific complaints present-
ing to the ED at the University Hospital of Basel (Swit-
zerland), we estimated the prevalence of each final
diagnosis. Across this sample, several dozen diagno-
ses were observed, but 12 diagnostic groups
accounted for more than 50% of all patients. Of those
12, we selected 5 diagnostic groups that accounted for
32% of the total prevalence: urinary tract infection,
pneumonia, congestive heart failure, frailty, and val-
ium intoxication. Including more target diagnoses
would have overtaxed participating physicians’ pre-
cious time. Having thus identified the target diagno-
ses, we next turned to the 686 original patient
histories from the BANC-cohort database1 and
selected 6 histories representing the 5 target diagnoses.
The diagnosis of congestive heart failure was repre-
sented by 2 patient histories, whereas each of the other
diagnoses was represented by 1 history. Each history
was identical to the original, electronically stored
patient history and was presented in written form to
the participating physicians. In addition, the history of
a patient presenting with a specific symptom—namely,
chest pain (with a final diagnosis of myocardial infarc-
tion)—was included. This control history was less
demanding than the target histories, allowing us to
gauge participants’ level of motivation. All histories,
translated from the original German, are listed in Table
1.

For each history, 2 physicians certified in internal
medicine had determined the final diagnosis based
on written 30-day follow-up data from the presenting
patients’ primary care physicians and hospital dis-
charge reports.4 These experts—selected for their
extensive experience in emergency medicine (.10
years) and their involvement as outcome evaluators
in the follow-up of 1210 case histories with nonspe-
cific complaints—also identified the diagnostic
cues for the correct diagnosis. The diagnostic cues
are the pieces of information in the patient history
that, according to these experts, are indicative of the
correct diagnosis. The experts first determined the
diagnostic cues independently and then resolved
their judgment differences in a joint discussion. The
final sets of diagnostic cues also conform to those

reported in established emergency medicine text-
books (e.g., Tintinalli and others,16 pp. 345, 608,
366, 448, and 1904).

Participants

We advertised the study within the University
Hospital of Basel, through the Swiss Society for Emer-
gency Medicine, and through an existing network of
local family practitioners. A total of 112 physicians
(66 male and 46 female) participated. Physicians
received a small token of appreciation (a 25% chance
to win a gift certificate worth 20 Swiss francs [about
$23]). They were also offered feedback regarding the
study’s aggregate results.

Study Procedure

ED physicians and internists completed the ques-
tionnaires in the hospital. Family practitioners com-
pleted it off site and returned it by mail.
Participants were informed that the goal was to inves-
tigate diagnostic inference in patients with nonspe-
cific complaints and were assured that their data
would be anonymized. Four different randomized
presentation orders of the patient histories were cre-
ated. For each history, physicians wrote down 1)
what they believed to be the three most likely diagno-
ses (i.e., the differential diagnoses), ranked according
to their likelihood, and 2) the cues they considered
crucial (separately for each of the 3 most likely diag-
noses). The crucial cues for the most likely diagnosis
were extracted and entered in a spreadsheet. Other
aspects of the histories and all cues for the differential
diagnoses were also recorded but are not included in
the following analyses.

We calculated cue consensus, positive cue valid-
ity, negative cue validity, and cue substitutability.
When analyzing cue substitutability, we also exam-
ined the extent to which physicians relied on diag-
nostic cues and how their reliance determined
accuracy. We recorded physicians’ age, sex, spe-
cialty, years of clinical experience, involvement in
research, board certification, and years spent working
in internal medicine and in emergency medicine. On
average, physicians took about 45 minutes to com-
plete the questionnaire.

An average of 4 weeks after participating in the ini-
tial study, a randomly selected subset of 20 partici-
pants was asked again to diagnose the control
history and the 6 target histories. In this retest, a ran-
dom presentation order of the histories was generated
for each participant.

DIAGNOSING NONSPECIFIC COMPLAINTS
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RESULTS

Demographics

Of the 112 physicians, 36, 50, and 26 were emer-
gency physicians, internists, and family practitioners,

respectively. Their average age was 41 years, their
average clinical experience was 13 years, 26%
were involved in clinical research, 66% were
board-certified specialists, and their average post-
graduate experience in hospital-based internal

Table 1 Six Patient Histories Involving Nonspecific Complaints and 1 Control History Involving Specific
Complaints

Final Diagnosis
(Prevalence) Patient History

Urinary tract
infection (9%)

An 88-year-old female patient living in a senior residence, normally very active and at times
expressing discontent, had been subdued for several days. Furthermore, she had almost stopped
eating, and when she ate, she frequently choked. For this reason, her medication (pipamperone and
risperidone) was stopped. In addition, she had intermittent low-grade fever. No cough, no headache,
no abdominal pain. At night, restless and often wandering in the hallway. Day/night reversal.

Congestive heart
failure 1 (6%)

A 74-year-old female patient collapsed because of weakness in both legs. She did not lose
consciousness but was unable to get up from the floor. The daughter found her mother lying on
the floor and brought her to the emergency department. No shortness of breath. Recently, her
thirst had increased and she had become more tired. She also noticed pitting edema, despite
taking torsemide. She had not checked her weight recently. Chest discomfort once daily,
duration of a few minutes, no radiation. According to the daughter, the patient had been suffering
from the flu with a cough recently. Her general practitioner had prescribed 5 days of
moxifloxacin. Furthermore, the patient had difficulty walking. However, she has no problems
moving about in her own home.

Pneumonia (6%) A 78-year-old male patient was brought to the emergency department by ambulance, referred by
his general practitioner. Since the previous weekend, the patient noticed an increasing weakness
in his legs. Furthermore, frequent hiccups. Lives at home with his wife, who is in Germany at
present, and with a female caretaker. Intake of medication this morning not certain. No pains.
History of cough last weekend, but not right now. No expectoration.

Frailty (7%) Referral of an 84-year-old female patient by the general practitioner because of progressive decline
in mobility with virtual immobility despite fully developed help from Spitexa and devoted help
from her husband (caring for his wife for 30 years). According to the husband, his wife’s spastic
paralysis had worsened during the previous 2 weeks. Preexisting hemi-syndrome on the right
side following a stroke in 1978. After 30 years, he is no longer able to provide care for her on his
own, despite the help from Spitex. According to her husband, no pains, no falls, no shortness of
breath. Previous history: arterial hypertension; stroke with right-sided paralysis in 1978.

Valium
intoxication (4%)

Self-referral of a 55-year-old female patient because of tiredness and general weakness, first onset 6
months ago. Moreover, her mouth is very dry and she fears suffocation. The patient reports that
she has trouble with her neighbors about a clothesline, which is located between the two
properties. At the beginning, diazepam tablets helped to resolve the stress, but now she feels
tired. For some time, she has had a prescription for medications, whose names she is unable to
remember. No previous illness is known.

Congestive heart
failure 2 (6%)

Referral of a 78-year-old female patient by a general practitioner because of deterioration of general
health. She does not know exactly why she is in the emergency department. Her husband reports
that she has been getting worse over the past 2 months. She wants neither to eat nor to drink. Her
husband has noticed a gait disturbance. She sleeps a lot and is generally tired. She is unable to
recall how much weight she has lost. Occasional diarrhea, occasional cough, dyspnea on
exertion, feels depressed, no pain, no falls. The husband (homeopathic practitioner) reports
a steady deterioration over the past 10 years. Loss of weight.

Myocardial infarction
(control history)

Admission by ambulance. The 66-year-old male patient reports left-sided chest pain with onset 30
minutes previously. Visual analog scale (VAS) pain intensity of 8/10, of burning nature, radiating
to the jaw and left upper arm. Pain is now tolerable lying on the stretcher. Feeling of impending
doom.

aSpitex is an organization in Switzerland providing home care, nursing, and general help for patients and their caretakers.

HERTWIG AND OTHERS

536 � MEDICAL DECISION MAKING/MAY 2013



medicine and emergency medicine was 4.1 and 1.3
years, respectively.

Diagnostic Accuracy

Two measures of diagnostic accuracy were
employed—namely, how often the correct diagnosis
was listed as the most likely one (correct diagnosis)
and how often the correct diagnosis was listed in
the differential (correct differential diagnosis). All
but one of the physicians (99% of the sample) cor-
rectly diagnosed the control problem, suggesting
that they were motivated. Because the physician
who failed to solve the control problem correctly
diagnosed 4 of 6 nonspecific histories, we did not
exclude this physician from further analyses.

Table 2 reports the 2 measures of accuracy across
the 6 patient histories involving nonspecific com-
plaints. The percentage of correct diagnoses ranged
from 14% to 64%, with an average of 34%. The per-
centage of correct differential diagnoses ranged from
29% to 87%, with an average of 53%. The difference
between the percentage of correct diagnoses and the
percentage of correct differential diagnoses for each
history ranged from 11% (frailty) to 31% (pneumonia).

Attributes of Physicians Associated with Diagnostic
Accuracy

Given the scarcity of current knowledge and the
fact that, to the best of our knowledge, the present
study is the first to investigate diagnostic accuracy
in patient histories with nonspecific complaints,
our goal was to generate hypotheses rather than to
test existing ones (because there are none). First, we
assessed performance differences as a function of
medical specialty. As Table 3 shows, we found an
almost identical level of performance for emergency
physicians and internists on both measures of accu-
racy. We therefore collapsed them into 1 group,
which we henceforth refer to as acute care physi-
cians. Acute care physicians’ average number of cor-
rect diagnoses (2.2 out of 6) was higher than that of
family practitioners (1.5; D = .64; 95% confidence
interval [CI], 1.1–0.14; t = 2.5, df = 110, P = 0.01).
This difference corresponds to d = .60 (standardized
difference) and represents a medium to large effect
(d = .2, .5, and .8 represent effects of small, medium,
and large size, respectively).17 The same pattern
emerged on the second measure of accuracy: Acute
care physicians’ average number of correct differen-
tial diagnoses (3.4) exceeded that of family T
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practitioners (2.6; D = .80; 95% CI, 1.3–0.31; t = 3.3, df
= 110, P = 0.001; d = .75).

There was also substantial variability in diagnostic
accuracy within each medical specialty, with 3% of
acute care physicians and 12% of family practitioners
providing only 1 or no correct differential diagnosis
(out of a possible 6) and 47% of acute care physicians
and 23% of family practitioners providing 4 or 5 cor-
rect differential diagnoses. Finally, we found that
across all 112 participants, 3 of the physicians’ attrib-
utes correlated negatively with diagnostic accuracy:
clinical experience (r = –.25, P = 0.007), board certifi-
cation (r = –.22, P = 0.02), and age (Spearman rank
correlation r = –.29, P = 0.002). Relatedly, practi-
tioners were, on average, significantly older than
acute care physicians (54.9 v. 36.8 years; D = 18.1;
95% CI, 14.9–21.2; t = 11.3, df = 110, P \ 0.001; d =
6.6). Finally, we also found that the retest scores of
the randomly selected subset of 20 physicians were
correlated with their initial score (r = .61, P \
0.001); that is, diagnostic performance was not a mat-
ter of chance.

Attributes of Patient Histories Associated with
Diagnostic Accuracy

Beyond physician attributes, structural properties
of patient histories may also account for diagnostic
accuracy. We analyzed 4: positive cue validity, nega-
tive cue validity, cue consensus, and cue substitut-
ability. Table 4 reports for each patient history the
diagnostic cues (as predefined by the consensual
judgment of 2 experts), the crucial cues (as chosen
by at least 5% of participants), cue consensus, and
the cues’ positive and negative validities. The aggre-
gated values are reported in Table 2. Mean positive
cue validity ranged from 19% (congestive heart fail-
ure 2) to 66% (urinary tract infection) compared
with 100% for the control history. Mean negative
cue validity ranged from 39% (urinary tract infection)
to 86% (congestive heart failure 2) compared with 2%
for the control history. Table 2 shows that these

average values are aligned with the number of correct
diagnoses, which is not surprising given that this
quantity is part of the definition of cue validity. Cue
validities are still informative, however, as they tell
us which cues (diagnostic and nondiagnostic) pro-
vide interchangeable paths to correct diagnosis.

As the number of correct diagnoses does not affect
the definition of cue consensus, we also investigated
whether the consensual endorsement of specific cues
is predictive of accuracy. As Table 2 shows, average
cue consensus ranged from 22% (congestive heart
failure 2) to 33% (urinary tract infection) and aver-
aged 28%. We observed a marginally significant cor-
relation between average cue consensus and
percentage of correct diagnoses across the 6 target his-
tories (r = .74, P = 0.09). That is, the more physicians
agreed on which cues are crucial, the more likely the
problem was to be correctly diagnosed.

In terms of cue substitutability, we investigated the
extent to which exclusive reliance on the diagnostic
cues (identified by the experts) is necessary to arrive
at the correct diagnosis or whether diagnosticians can
make use of other cues and still diagnose accurately.
Half of our target histories included 1 diagnostic cue,
the other half 2 diagnostic cues. Table 2 reports the
percentage of correct diagnoses separately for ‘‘no
reliance’’ on these diagnostic cues (i.e., physicians
failed to consider the diagnostic cue(s) to be crucial),
‘‘medium reliance’’ (i.e., physicians considered 1 of
the 2 diagnostic cues to be crucial), and ‘‘full reli-
ance’’ (i.e., physicians considered the diagnostic
cue(s) to be crucial). Several results are noteworthy.
First, the more physicians relied on diagnostic cues,
the better, on average, was diagnostic accuracy (in 5
of the 6 histories, accuracy is significantly higher
for full than for no reliance). Second, some histories
were ‘‘unforgiving’’ when physicians failed to iden-
tify the diagnostic cue(s)—namely, the histories of
congestive heart failure 2 and pneumonia (no reli-
ance: 3% and 8% correct diagnoses, respectively).
In contrast, the history of urinary tract infection
allowed 36% of the physicians to arrive at correct

Table 3 Correct (Differential) Diagnoses across 6 Patient Histories with Nonspecific Complaints

Correct Diagnosis Correct Differential Diagnosis

Meana SD 95% CI Meana SD 95% CI

ED physicians (n = 36) 2.2 1.1 1.8–2.6 3.4 1.3 2.9–3.8
Internists (n = 50) 2.1 1.2 1.8–2.4 3.4 1.0 3.2–3.7
Family practitioners (n = 26) 1.5 1.1 1.1–2.0 2.6 1.1 2.1–3.0

CI, confidence interval; ED, emergency department.
aThe highest possible level of accuracy is 6.
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diagnoses even if they made no use of the diagnostic
cues. The cues in this history that provide inter-
changeable paths to the correct diagnosis are, for
instance, loss of appetite and behavioral change
(cues with high positive validity; Table 4). In con-
trast, the cues in the history of pneumonia, for
instance, such as hiccupping and leg weakness, point
to wrong diagnoses such as cerebrovascular and other
neurological disease (note these cues’ negative cue
validity; Table 4). Third, some histories remained dif-
ficult even when the physicians identified all diag-
nostic cues. In the history of Valium intoxication,
for instance, physicians who relied on both diagnos-
tic cues (including the cue ‘‘intake of Valium’’)
attained a 36% level of accuracy (Table 2). The reason
is likely to be that in combination with symptoms
such as fear and trouble with neighbors, Valium
intake colludes to indicate a psychiatric disorder
(Table 4; most frequently named wrong diagnosis).

Finally, when physicians reported all diagnostic
cues to be crucial, their average performance was
only 69% (Table 2). Why? This group includes 2
groups of diagnosticians, one that considered only
the diagnostic cues to be crucial and another that con-
sidered both the diagnostic cues and the other cues to
be crucial. The former group reached an average per-
formance of 93%, the latter 65%; in each of the 5 his-
tories in which the performance of these 2 groups
differed, the former group achieved higher accuracy
(P = 0.03, exact binomial test). In other words, the
key to diagnostic performance in histories with non-
specific complaints is not just the ability to identify
all diagnostic cues but also the ability to discard other
cues (although sometimes there are interchangeable
paths to the correct diagnosis).

Beyond the structural properties analyzed, other
aspects may influence diagnostic accuracy. There-
fore, we investigated 2 additional aspects: difficulty
and disease prevalence. Specifically, we asked
a group of 15 experts—ED physicians with daily
exposure to patients with nonspecific symptoms
and average experience of 8 years in the ED—to judge
the diagnostic difficulty of our 6 target patient histo-
ries. Their judgments were uncorrelated with the per-
centage of correct diagnoses (r = –.44, P = 0.38), cue
consensus (r = .04, P = 0.94), and cue substitutability
(r = –.71, P = 0.11), respectively. Furthermore, their
judgment of difficulty was not significantly corre-
lated with how frequently they thought the respective
diagnostic groups presented to the ED (r = –.42, P =
0.41). In contrast, disease prevalence (in the ‘‘Mate-
rial’’ section, we describe how we arrived at preva-
lence) proved to be strongly associated with

accuracy (r = .82, P = 0.05). Yet, one should not over-
rate this association as it is strongly influenced by the
patient history of urinary tract infection, which was
diagnosed accurately more frequently that any other
patient history. Among our set of histories, it was
also the most prevalent one. Once this history is
removed, the correlation drops to r = .45 (P = 0.45).

DISCUSSION

Because of the weaker relationship between non-
specific complaints and diagnoses relative to that
between specific complaints and diagnoses, the for-
mer represents an objectively difficult-to-predict
environment.18 Histories with nonspecific com-
plaints proved to be substantially more difficult to
diagnose than a control history. Yet the patient histo-
ries with nonspecific complaints were not invariably
difficult to diagnose. We observed large variability,
with some histories being correctly diagnosed by
a majority and others by only few physicians (for a sim-
ilar finding, see Funder6). A history of urinary tract
infection, for instance, was correctly diagnosed by
64% of physicians, and 87% of physicians included
this diagnosis in their differential diagnoses. About
a third of physicians (30%) correctly diagnosed frailty
(prevalence of 7%), and 41% included the correct
diagnosis in their differential diagnoses. Even for the
most difficult patient history, congestive heart failure
2, 14% of physicians gave the correct diagnosis and
29% included it in their differential diagnoses.

In our prevalence analysis of 1210 case histories
with nonspecific complaints (see ‘‘Material’’), con-
gestive heart failure proved to be only slightly less fre-
quent (6%) than urinary tract infection (9%), with the
latter being the most prevalent diagnosis overall. This
suggests that the difficulty of a patient history cannot
be simply reduced to the diagnosis’ prevalence. A
simple base-rate strategy (i.e., always predict the
most prevalent diagnosis), for instance, would be
wrong most of the time.

The level of performance we observed suggests
that correctly diagnosing nonspecific complaints is
not out of reach. Yet, it clearly is not a trivial task
either. Across cases with nonspecific complaints,
hundreds of diagnoses can be observed,19,20 and in
a previous study,4 the diagnostic spectrum in this
presentation extended over 16 chapters of the Inter-
national Classification of Diseases, Tenth Revision
(ICD-10). Finally, we also found that good perfor-
mance was not a matter of luck. If it were, physicians’
diagnostic reliability would be nil. In contrast, we
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observed a retest reliability of r = .61 in the subset of
physicians who diagnosed the same set of histories
again about 4 weeks after the initial study.

These findings raise the question of what proper-
ties of physicians and patient histories can explain
diagnostic accuracy.

What Physician Properties Foster Accurate Diag-
nostic Performance?

Among physician properties, medical specialty
proved to be indicative of diagnostic accuracy. Fam-
ily practitioners’ diagnostic performance was signifi-
cantly lower than that of emergency physicians and
hospital internists (Table 3). One possible explana-
tion for this difference (of medium to large size17) is
that family practitioners work in a medical environ-
ment in which they are less likely to be exposed to
the kind of cases that are ultimately admitted to the
hospital via the emergency department. Furthermore,
family practitioners were, on average, significantly
older than acute care physicians, and so their training
may be less up-to-date than that of acute care physi-
cians; indeed, acrossallphysicians,weobserveda neg-
ative correlation of accuracy with age. Importantly, it
deserves to be pointed out that the patient histories
were originally collected in an emergency department,
by emergency physicians, and were adjudicated by
emergency physicians (our experts). Therefore, the
experimental design may have favored acute care
physicians. Variation in performance between the
medical specialties might have turned out quite differ-
ently if cases had been sampled from the population of
patient histories involving nonspecific complaints
that family practitioners typically experience.

We also observed that clinical experience (and
board certification) proved to be negatively correlated
with diagnostic performance. Intuitively, one might
have expected the opposite—namely, that clinical
experience (and thus learning opportunities) with
cases of nonspecific complaints would allow diag-
nosticians to practice and fine-tune their skills. How-
ever, there is evidence that diagnostic accuracy does
not necessarily improve with clinical experi-
ence,3,21,22 and clinical experience may be even
inversely correlated with quality of health care.23 It
could be that a physician’s illness scripts, built up
during training, are not sufficiently updated by later
experience. One reason for insufficient updating
might be a learning environment that is not condu-
cive to accurate learning.24 Specifically, due to the
extremely heterogeneous diagnostic spectrum in

this presentation,4 the ns per diagnosis (and related
outcome feedback) experienced by even a seasoned
physician may simply be too small for him or her
to hone his or her craft. But this explanation is
speculative and needs to be explored further (as
does the robustness of the observed negative correla-
tion between clinical experience and diagnostic
performance).

Cue Consensus and Cue Substitutability: Two
Properties Correlated with Accuracy

Both cue consensus and cue substitutability were
correlated with diagnostic accuracy. Cue consensus
need not be associated with accuracy. Take, for
instance, the patient history in which the correct final
diagnosis is frailty. The cue that most physicians
considered crucial was ‘‘rapid decline in past
2 weeks’’—this popular cue, however, led them
toward a wrong diagnosis (cerebrovascular disease;
Table 4). Cue consensus and accuracy can thus
diverge, but across histories, we found a relatively
high correlation (r = .74) between both.

Cue substitutability denotes the extent to which
a patient history allows diagnosticians to rely on
cues other than the diagnostic ones and still arrive
at the correct diagnosis. Although our physicians
who relied exclusively on the diagnostic cues
attained by far the highest level of accuracy (Table
2), it was possible for them to arrive at the same (cor-
rect) diagnosis via different paths.12–14 This is possi-
ble to the extent that some of the cues could substitute
for one another—a phenomenon called vicarious
functioning, where one can reach the same end by
a variety of means.25 Indeed, cue substitutability
was highly correlated with diagnostic accuracy. For
instance, in the most often correctly diagnosed
patient history, urinary tract infection, 4 (of the total
5) cues had high positive cue validity (Table 4). Apart
from the 2 cues deemed diagnostic by the experts, 2
other cues were positively associated with the correct
diagnosis. In contrast, in the most difficult patient
history, congestive heart failure 2, only 1 cue, exer-
tional dyspnea, was associated with the correct diag-
nosis (positive cue validity = 76%). However, only
a few physicians (17%) considered the diagnostic
cue to be crucial, and those who failed to do so ended
up misdiagnosing the patient history (negative cue
validity of 97%; Table 4). This history was thus
‘‘unforgiving,’’ as no other cue afforded a pathway
to the correct diagnosis (i.e., the other cues’ positive
cue validity was very low; Table 4).
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The Limitations of This Exploratory Investigation

We calculated the predictive value of cues (i.e.,
their validity) by analyzing how physicians used (or
failed to use) them. A more standard approach is to
analyze a representative corpus of patient histories
so as to determine how frequently single nonspecific
symptoms (e.g., loss of appetite, dizziness) are associ-
ated with specific diagnoses (e.g., depression, uri-
nary tract infections), thereby also gauging the cues’
sensitivity and specificity. One could thus determine
the predictive value of nonspecific symptoms inde-
pendently of how physicians use and interpret such
symptoms as cues. Due to the scarcity of such infor-
mation in the literature, we determined positive cue
validity instead by counting the number of physi-
cians (in our sample) who indicated a cue as crucial
for their diagnosis and whose diagnosis was correct.
Our analysis of cue consensus, positive cue validity,
and negative cue validity tells us, among other things,
what cues attracted physicians’ attention and to what
extent the cues to which they attended enabled them
to arrive at the correct diagnosis—or led them to the
wrong one. As soon as a representative reference class
of histories with nonspecific symptoms becomes
available, however, future investigations should ana-
lyze validities using the standard approach.

A second limitation of our study is that although
we found that cue consensus and cue substitutability
are correlated with diagnostic performance, we can-
not say to what extent this is a causal relationship.
Informed by our correlation analysis, however, future
studies can construct patient histories by varying
both these properties to determine their causal
impact on diagnostic accuracy. Such an approach
could also investigate the extent to which physicians
take advantage of combinations of nonspecific com-
plaints rather than individual complaints.

A third limitation is that patient histories, drafted
by admitting emergency physicians, were notably
brief (Table 1). In preparing them, the attending
physicians presumably selected the information
they considered to be important and omitted what
they thought to be irrelevant for the further diagnostic
process. A brief, selective patient history represents
good clinical practice and reflects the time constraints
under which a busy urban emergency department is
bound to operate. We chose to use these original
(unedited) notes because they are the kind of histories
that ED physicians work with every day. Admittedly,
however, pondering such prefiltered histories, as our
participants did, can only approximate but is not iden-
tical to the process through which the admitting

emergency physician goes when sifting in real time
through a patient history with nonspecific complaints.

A final limitation concerns our use of only 1 con-
trol history (myocardial infarction), which obviously
does not represent the whole universe of patient his-
tories involving specific symptoms. Our comparisons
between the control history and the target histories
are therefore only tentative in nature, and the sugges-
tive differences we observed need to be explored in
more detail using more comprehensive sets of patient
histories.

CONCLUSIONS

We identified 2 correlates of diagnostic accuracy
in patient histories involving nonspecific com-
plaints: cue consensus and cue substitutability. To
take advantage of the latter, diagnosticians should
be aware that, particularly in nonspecific complaints,
valid cues might initially be overlooked because they
seem insignificant. This can hamper diagnostic accu-
racy because it is difficult to foretell which combina-
tion of cues will provide a path to the correct
diagnosis. Therefore, one tentative recommendation
from our study is that, in a case involving nonspecific
complaints, all possible cues should be acknowl-
edged and the decision about which cues are crucial
made only after the complete history is taken. In con-
junction, several nonspecific cues can form an infor-
mative cluster of intercorrelated (redundant) cues.
Looking for clusters of nonspecific cues that point
in the same direction, rather than a ‘‘silver bullet’’
cue that may not exist in such patient histories, offers
one possible route to diagnostic success.
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