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Study objective: Heuristics, or rules of thumb, are hypothesized to influence the care physicians deliver. One such heuristic is the
availability heuristic, under which assessments of an event’s likelihood are affected by how easily the event comes to mind. We
examined whether the availability heuristic influences physician testing in a common, high-risk clinical scenario: assessing
patients with shortness of breath for the risk of pulmonary embolism.

Methods: We performed an event study from 2011 to 2018 of emergency physicians caring for patients presenting with
shortness of breath to 104 Veterans Affairs (VA) hospitals. Our measures were physician rates of pulmonary embolism testing
(D-dimer and/or computed tomography scan) for subsequent patients after having a patient visit with a pulmonary embolism
discharge diagnosis, hypothesizing that physician rates of pulmonary embolism testing would increase after having a recent
patient visit with a pulmonary embolism diagnosis due to the availability heuristic.

Results: The sample included 7,370 emergency physicians who had 416,720 patient visits for shortness of breath. The mean
rate of pulmonary embolism testing was 9.0%. For physicians who had a recent patient visit with a pulmonary embolism
diagnosis, their rate of pulmonary embolism testing for subsequent patients increased by 1.4 percentage points (95% confidence
interval 0.42 to 2.34) in the 10 days after, which is approximately 15% relative to the mean rate of pulmonary embolism testing.
We failed to find statistically significant changes in rates of pulmonary embolism testing in the subsequent 50 days following
these first 10 days.

Conclusion: After having a recent patient visit with a pulmonary embolism diagnosis, physicians increase their rates of pulmonary
embolism testing for subsequent patients, but this increase does not persist. These results provide large-scale evidence that the
availability heuristic may play a role in complex testing decisions. [Ann Emerg Med. 2021;78:650-657.]
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INTRODUCTION
Heuristics, or rules of thumb, are hypothesized to

influence the care physicians deliver.1,2 These heuristics
include the availability heuristic, under which the
assessment of an event’s likelihood is influenced by how
easily the event can be recalled. It is thought to be one of
the most common heuristics influencing physician
decisionmaking.3,4 Recent diagnoses seen may be
particularly salient to physicians.5

However, literature regarding heuristics affecting
physician decisionmaking is largely limited to case
vignettes,6 small samples of patients,1 or small-scale
experiments.2 Some studies that have examined the
influence of heuristics using large databases have found
evidence consistent with the availability heuristic after
adverse events—that is, physicians changing their behavior
after adverse events.7-10 We are not aware of other literature
Emergency Medicine
examining heuristics in complex testing decisions using
clinically rich electronic health record data containing
information such as time-stamped vital signs and testing.

In this study, we used national Veterans Affairs (VA)
electronic health record data from 2011 to 2018 to
examine a common, high-risk clinical scenario: assessing
patients in the emergency department (ED) with shortness
of breath for the risk of pulmonary embolism. We
examined whether physicians who recently had a patient
with a pulmonary embolism diagnosis were more likely to
test their subsequent patients for pulmonary embolism,
controlling for pulmonary embolism risk factors found in
the electronic health record, such as tachycardia, cancer
history, and recent surgery. In sensitivity analyses, we then
examined whether physician rates of pulmonary embolism
testing changed after an unrelated diagnosis
(pneumothorax) and whether rates of testing for conditions
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Editor’s Capsule Summary

What is already known on this topic
Physicians’ recent experiences can alter subsequent
clinical decisions independent of the clinical facts.

What question this study addressed
Does diagnosing a patient with pulmonary embolism
alter emergency department (ED) testing in
subsequent patient encounters?

What this study adds to our knowledge
Examining data for 416,720 ED patient visits for
shortness of breath from 104 Veterans’ Hospitals, a
15% increase in the rate of pulmonary embolism-
specific testing was observed over the first 10 days
after the physician’s index case but no increase was
observed over the next 50 days.

How this is relevant to clinical practice
Availability bias exists but may not be durable or
profound; how this applies across other conditions is
unclear.
unrelated to pulmonary embolism changed after seeing a
patient with pulmonary embolism. Our VA setting allows
us to reduce the influence of malpractice concerns because
VA physicians cannot be sued in civil court for a
malpractice claim.11

MATERIALS AND METHODS
Data Sources and Study Population

We used national electronic health record data from
the VA Corporate Data Warehouse, which includes
patient demographics, vital signs, diagnosis codes, tests
ordered, and surgical procedures performed. These data
have been used in prior studies.12,13 We began our study
in 2011, when the VA completed implementation of
Emergency Department Integration Software.14 We used
ED visit data from Emergency Department Integration
Software. In total, 121 VA EDs provided data. Of these
121 VA EDs, the 17 EDs that did not perform the 2 tests
that compose our main outcome (D-dimer tests and
computed tomography [CT] scans of the chest with
contrast) throughout the examined time period were
dropped.

We identified patients aged 21 and older who visited a
VA ED with a presenting complaint of shortness of breath
between 2011 and 2018. We excluded ED visits for
Volume 78, no. 5 : November 2021
patients on hospice or who had a status of “comfort
measures only.”
Study Measures
We included clinical factors found in a validated clinical

prediction rule that was commonly taught during the
examined time period: Wells’ score for pulmonary embolism
(Table E1, available at http://www.annemergmed.com).15-17

Using electronic health record data, we were able to observe 4
of the 7 clinical factors in the Wells’ score: prior deep venous
thrombosis or pulmonary embolism, a diagnosis of cancer
within the prior 6 months, a surgery within the prior 4
weeks, and pulse rate higher than 100 beats/min. We also a
priori included 4 other clinical covariates. The first was
oxygen saturation less than 90%. The other 3 clinical factors
were the presence of chronic conditions whose exacerbation
may provide a possible alternative diagnosis for shortness of
breath: ischemic heart disease, congestive heart failure, and
chronic obstructive pulmonary disease. Other patient
covariates included age, sex, and race and ethnicity. Finally,
we included DNR/DNI (do not resuscitate/do not intubate)
status.

Our main outcome of interest was a test for pulmonary
embolism either within 8 hours of ED arrival or by ED
departure, whichever came first. Eight hours was chosen to
standardize across ED visits in order to take into account
the possibility that a patient untested in the first 8 hours
later decompensated such that the physician then decided
to test. In a sensitivity analysis, we removed the 8-hour
restriction. There are 2 main recommended tests for
pulmonary embolism: a D-dimer blood test and a CT scan
of the chest with contrast. Because we were missing 3 of the
7 clinical factors in the Wells’ score that may make either a
D-dimer test or a CT scan more appropriate, our outcome
of interest was a composite measure of either or both tests.
We did not include the use of a ventilation/perfusion (V/
Q) scan because these were uncommonly ordered from the
ED (0.2% of ED visits for shortness of breath), but we
included such tests in a sensitivity analysis.

The unit of analysis was at the patient visit–physician
level, with patient visits ordered by arrival time to the
physician. A pulmonary embolism diagnosis was defined as
a physician entering pulmonary embolism as the ED
discharge diagnosis for a patient visit. The main
independent variable was coded as the time relative to this
pulmonary embolism diagnosis patient visit.
Statistical Analysis
Our main empirical specification was an event study

that compared physician rates of pulmonary embolism
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testing from 60 days before having a patient visit with a
pulmonary embolism diagnosis to 60 days after. This was
done by performing a multivariable regression using a
linear probability model (Gaussian family and identity
link) of our testing outcome as a function of time (in 10-
day intervals) relative to a patient visit with a pulmonary
embolism diagnosis, controlling for the clinical and
demographic covariates listed above. The 10-day interval
prior to the patient visit with a pulmonary embolism
diagnosis was the reference time interval. Physicians were
allowed to diagnose multiple pulmonary embolisms.
However, if in the following 60 days, because of an
increase in testing due to the availability heuristic, a
pulmonary embolism was diagnosed, this pulmonary
embolism remained in the data but did not reset the 60-
day timer. A physician’s next detected pulmonary
embolism that was at least 60 days after the prior initial
pulmonary embolism would then be another pulmonary
embolism observation in the data. We included physician
fixed effects, which essentially examines how testing
changes for a physician before and after a patient visit
with a pulmonary embolism diagnosis. These physician
fixed effects control for differences across physicians, such
as differences in testing thresholds and in specialty
training (such as emergency medicine residency training
versus other residency training). Because physicians
usually work in one VA ED, the use of physician fixed
effects also essentially controls for differences across VA
EDs. However, we also included hospital fixed effects in a
sensitivity analysis to more formally control for
differences across VA EDs, such as in testing capacity. We
also included weekend (versus weekday) fixed effects,
month fixed effects, and year fixed effects to control for
temporal trends. We clustered our standard errors at the
hospital level. Physicians who did not have a patient visit
with a pulmonary embolism diagnosis during the
examined time period were included to help more
precisely estimate the coefficients on the other covariates.
In order to provide a more easily interpretable measure,
we then replaced the event time variable with a single
postpulmonary embolism diagnosis visit variable and
examined the coefficient on this postpulmonary
embolism diagnosis visit variable. This set of analyses
relies on the assumption that patient characteristics and
patient risk do not systematically differ for a physician
before and after having a patient visit with a pulmonary
embolism diagnosis. To test this assumption, we
examined whether the composition of the patients seen
(age, sex, race/ethnicity, and Wells’ score based on
observable clinical covariates) changed after having a
patient visit with a pulmonary embolism diagnosis.
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In sensitivity analyses, we examined whether pulmonary
embolism testing increased after having a patient visit with
an unrelated diagnosis that we chose a
priori—pneumothorax. Rates of pulmonary embolism
testing would not be expected to change after having a
patient visit with a pneumothorax diagnosis due to the
availability heuristic. We also examined whether our results
may have been due to overall testing increases after having a
patient visit with a pulmonary embolism diagnosis by
performing event studies for 2 tests (1 blood test and 1
imaging test) unrelated to pulmonary embolism that we
chose a priori—thyroid stimulating hormone test and hand
radiographs. Rates of such testing would not be expected to
change after a pulmonary embolism diagnosis due to the
availability heuristic.

All p-values were from 2-sided tests, and results were
deemed statistically significant at the p<0.05 level. Data
were prepared using Microsoft SQL Server and analyzed
using Stata version 15.1. The VA Boston Healthcare
System Institutional Review Board approved the study.
This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.
RESULTS
Our sample included 7,370 physicians who had

416,720 patient visits for shortness of breath across 104 VA
hospitals (Figure E1 available at http://www.annemergmed.
com). The average age of our sample of patient visits was
62.9 years; about 62% were White, and about 10% were
women (Table). About 11% of this sample had a diagnosis
of malignancy in the prior 6 months, about 6% had a prior
deep venous thrombosis or pulmonary embolism, about
2% had a surgery in the prior 4 weeks, and about 18% had
an increased pulse rate. Nine percent of this sample
received at least 1 of the examined tests for pulmonary
embolism; about 7% received a D-dimer test, and about
5% received a CT scan of the chest with contrast. About
1% of this sample had a pulmonary embolism diagnosed in
the ED. The average number of years worked during the
examined time period by physicians in our sample was 2.5
years (Table). The average number of patient visits during
the examined time period for physicians was 56.5.

In our adjusted event study specification (Figure 1),
controlling for other observable pulmonary embolism risk
factors, there was a statistically significant increase in
physician pulmonary embolism testing for subsequent
patients of 1.38 percentage points (95% confidence interval
[CI] 0.42 to 2.34) in the first 10 days after having a recent
patient visit with a pulmonary embolism diagnosis
compared to the 10 days prior, which is approximately
Volume 78, no. 5 : November 2021
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Table. Sample characteristics, 2011–2018.

Characteristic No.

Patient visits

Age (years) 62.9

21–30 (%) 2.9

31–45 (%) 9.5

46–60 (%) 23.8

61–75 (%) 45.2

76–90 (%) 16.3

91þ (%) 2.2

Female (%) 9.5

Race

American Indian or Alaska Native (%) 0.8

Asian (%) 1.3

Black (%) 24.9

Hispanic (%) 7.0

Other race or ethnicity (%) 4.2

White (%) 61.8

Malignancy within 6 months (%) 11.4

Past deep venous thrombosis or pulmonary embolism (%) 5.9

Surgery within 4 weeks (%) 2.1

Pulse rate >100 beats/min (%) 17.6

Oxygen saturation <90% (%) 5.1

Ischemic heart disease (%) 29.0

Congestive heart failure (%) 18.5

Chronic obstructive pulmonary disease (%) 38.9

DNR/DNI (%) 4.1

D-dimer (%) 6.6

CT scan with contrast (%) 4.5

D-dimer and/or CT scan with contrast (%) 9.0

Pulmonary embolism diagnosed in ED (%) 1.2

Physicians

Number of years worked 2.5

Number of patient visits 56.5

Author’s calculation using VA data from 2011–2018.
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15% relative to the mean rate of pulmonary embolism
testing. We failed to find that the coefficients for the other
10-day intervals in the 120-day window around the patient
visit with a pulmonary embolism diagnosis were statistically
significantly different from 0 (Table E2, available at http://
www.annemergmed.com), including for the subsequent 50
days following these first 10 days. Patients with recent
malignancy, past deep venous thrombosis/pulmonary
embolism, recent surgery, tachycardia, and low oxygen
saturation were more likely to be tested for pulmonary
embolism (Table E2, available at http://www.
annemergmed.com). Results were unchanged when
Volume 78, no. 5 : November 2021
examining from 30 days before a patient visit with a
pulmonary embolism diagnosis to 30 days after (Figure E2,
available at http://www.annemergmed.com). Results were
substantively unchanged when using a logistic model
(Figure E3, available at http://www.annemergmed.com).
We failed to find statistically significant changes in the
composition of subsequent patients (as measured by age,
sex, race/ethnicity, or Wells’ score calculated using
observable clinical factors) for a physician after having a
recent patient visit with a pulmonary embolism diagnosis
(Figure E4, available at http://www.annemergmed.com).

When replacing the event time variables with a single
postpulmonary embolism diagnosis visit variable,
pulmonary embolism testing increased 0.87 percentage
points (95% CI 0.47 to 1.28) in the 60 days after having a
recent patient with a pulmonary embolism diagnosis
compared to the 60 days before (Table E3, available at
http://www.annemergmed.com). Results were unchanged
when removing the restriction of examining pulmonary
embolism testing only in the first 8 hours (Figure E5 and
Table E3, both available at http://www.annemergmed.
com). Patterns were similar when examining D-dimer
testing and CT scans separately (Figure E6 and Table E3,
both available at http://www.annemergmed.com). Patterns
were unchanged when including hospital fixed effects
(Figure E7, available at http://www.annemergmed.com).
Patterns were unchanged when including V/Q scans in our
measure of testing (Figure E8, available at http://www.
annemergmed.com).

We failed to find statistically significant changes in rates
of pulmonary embolism testing after having a recent patient
visit with a pneumothorax diagnosis (Figure 2). We failed
to find that the coefficients for the 10-day intervals in the
120-day window around the patient visit with a
pneumothorax diagnosis were statistically significantly
different from 0. We failed to find statistically significant
changes in rates of thyroid stimulating hormone testing and
hand radiographs after having a recent patient visit with a
pulmonary embolism diagnosis (Figure 3) (Table E3,
available at http://www.annemergmed.com). We failed to
find that the coefficients for the 10-day intervals in the
120-day window around the patient visit with a pulmonary
embolism diagnosis were statistically significantly different
from 0 for either thyroid stimulating hormone testing or
hand radiographs.
LIMITATIONS
This study has several limitations. First, this study was

observational and there may be residual confounding.
Second, we were not able to observe every clinical factor in
Annals of Emergency Medicine 653
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Figure 1. Change in testing for pulmonary embolism in subsequent patients after a diagnosis of pulmonary embolism,
2011–2018. Author’s calculation using VA data from 2011–2018. The bands are 95% confidence intervals. Testing refers to D-
dimer test and/or CT scan of the chest with contrast performed within the first 8 hours of patient arrival. Estimates are from a linear
regression that includes physician fixed effects, year fixed effects, month fixed effects, weekend fixed effects, and controls for
patient age, sex, race/ethnicity, malignancy within the prior 6 months, past deep venous thrombosis or pulmonary embolism,
surgery within the prior 4 weeks, pulse rate >100 beats/min, oxygen saturation <90%, ischemic heart disease, congestive heart
failure, chronic obstructive pulmonary disease, and DNR/DNI status. The comparison group is visits from days -10 to -1. Standard
errors were clustered at the hospital level.
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the Wells’ score. Third, we can only provide evidence
consistent with certain heuristics. Our results may instead
be consistent with other explanations. Fourth, in our
research design, the preperiod, by definition, does not have
a patient visit with a pulmonary embolism diagnosis.
Therefore, comparing the testing yield prepulmonary
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Figure 2. Change in testing for pulmonary embolism in subseque
Author’s calculation using VA data from 2011–2018. The bands are
CT scan of the chest with contrast performed within the first 8 hour
includes physician fixed effects, year fixed effects, month fixed effe
race/ethnicity, malignancy within the prior 6 months, past deep ven
4 weeks, pulse rate >100 beats/min, oxygen saturation <90%, is
obstructive pulmonary disease, and DNR/DNI status. The compari
clustered at the hospital level.
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versus postpulmonary embolism diagnosis would
mechanically result in a higher testing yield in the
postperiod. Consequently, we are unable to determine
whether increases in testing after a recent pulmonary
embolism diagnosis represent on average overtesting or an
improvement on undertesting. Fifth, we could not fully
1 0 to 10 11 to 20 21 to 30 31 to 40 41 to 50 51 to 60

to Diagnosis of Pneumothorax

nt patients after a diagnosis of pneumothorax, 2011–2018.
95% confidence intervals. Testing refers to D-dimer test and/or
s of patient arrival. Estimates are from a linear regression that
cts, weekend fixed effects, and controls for patient age, sex,
ous thrombosis or pulmonary embolism, surgery within the prior
chemic heart disease, congestive heart failure, chronic
son group is visits from days -10 to -1. Standard errors were
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Figure 3. Change in thyroid stimulating hormone testing and hand radiographs in subsequent patients after a diagnosis of
pulmonary embolism, 2011–2018. A, Thyroid stimulating hormone testing. B, Hand radiographs. Author’s calculation using VA data
from 2011–2018. The bands are 95% confidence intervals. Testing refers to each respective test performed within the first 8 hours
of patient arrival. Estimates are from a linear regression that includes physician fixed effects, year fixed effects, month fixed effects,
weekend fixed effects, and controls for patient age, sex, race/ethnicity, malignancy within the prior 6 months, past deep venous
thrombosis or pulmonary embolism, surgery within the prior 4 weeks, pulse rate >100 beats/min, oxygen saturation <90%,
ischemic heart disease, congestive heart failure, chronic obstructive pulmonary disease, and DNR/DNI status. The comparison
group is visits from days -10 to -1. Standard errors were clustered at the hospital level.
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capture the clinical complexity of each case, particularly the
information that was conveyed during the history and
physical examination. However, our use of electronic
health record data represents an improvement on prior data
used, allowing us to include clinical data, such as vital signs,
that are important for physicians when evaluating patients.
In addition, we failed to find that patient characteristics
such as age, sex, race/ethnicity, and Wells’ score change for
physicians after a pulmonary embolism diagnosis. This
provides evidence that the composition and risk of patients
that physicians see do not appear to change after a visit with
a pulmonary embolism diagnosis, and differences in the
Volume 78, no. 5 : November 2021
history conveyed by the patient also likely do not
systematically differ after a visit with a pulmonary
embolism diagnosis. For another factor to explain our
results, that factor would need to change for a physician
right after he or she has a patient visit with a pulmonary
embolism diagnosis. Sixth, the vast majority of the VA
patient population is male. Therefore, our results are
specific to the VA. Our results may not generalize to non-
VA physicians treating non-VA patient populations.
Seventh, we focused on a single diagnosis. Eighth, although
malpractice concerns may explain some of our results, these
concerns are likely smaller in the VA because VA physicians
Annals of Emergency Medicine 655
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cannot be sued in civil court for a malpractice claim.11

Ninth, although we failed to find that any of the
coefficients outside of the first 10 days after a patient visit
with a pulmonary embolism diagnosis were statistically
significantly different from 0, we may have been
underpowered to find such a difference. Notably, the 95%
confidence intervals for all of the 10-day intervals after the
first 10 days after a patient visit with a pulmonary
embolism diagnosis include the coefficient on these first 10
days, so this study cannot rule out practically important
effects during these subsequent 10-day intervals at the 5%
level. Tenth, our results do not extend to physicians who
see patients infrequently.
DISCUSSION
Using a national sample of almost half a million VA

patient visits to the ED for shortness of breath, this study
found that physicians had a statistically significant increase
in their rate of pulmonary embolism testing of about 15%
relative to the average level of testing immediately after
having a recent patient visit with a pulmonary embolism
diagnosis but failed to find that this increase persisted in
later periods. These results may be consistent with
physicians being influenced by the availability heuristic.
That is, physicians, after having a recent patient visit with a
pulmonary embolism diagnosis, may temporarily place
higher probabilities of a pulmonary embolism in
subsequent patients with shortness of breath and increase
their rates of pulmonary embolism testing for a short period
of time.

Some studies that have examined the influence of
heuristics using large databases have found evidence
consistent with left-digit bias,18,19 or the tendency to focus
on the left-most digit of numbers. Several studies have
examined the availability heuristic in relation to adverse
events. One study found that when patients suffered a
bleeding event when on an anticoagulant for atrial
fibrillation, their physicians were less likely to prescribe an
anticoagulant to their subsequent patients with atrial
fibrillation.7 Another study examining cesarean and vaginal
modes of delivery found that adverse events with one mode
led to obstetricians switching to the other mode.10 Another
study found that reports of injury filed against physicians
led their practice peers to increase their use of diagnostic
imaging immediately after the report, but this increase was
not sustained. This could be interpreted as the availability
heuristic leading to defensive medicine.9 Our study is the
first that we know of using large, clinically rich data to
examine heuristics in complex testing decisions. And we
focus particularly on whether diagnoses themselves, rather
656 Annals of Emergency Medicine
than recent adverse events, influence physician testing for
subsequent patients.

Although we focus on testing decisions after a single
diagnosis, our results regarding the availability heuristic
may extend to other clinical situations. They may extend
to other diagnoses, particularly those that are relatively
less frequent. The availability heuristic may be more
pronounced in situations in which there are no clinical
guidelines like the Wells’ score. They may extend to
treatment decisions; for example, recent positive
experiences after a particular intervention may make it
more likely for a physician to prescribe or perform that
intervention for subsequent patients. And these results
suggest that other common heuristics thought to
influence individual decisionmaking may similarly affect
physicians.

As the literature examining heuristics used by physicians
grows, other evidence regarding whether increasing
awareness of such heuristics changes individual behavior is
mixed.20 More promising is improving the decision
environment for physicians through decision support
tools.21,22 Such decision support tools may improve the
care physicians deliver, particularly when they may be
influenced by heuristics.

In conclusion, we found that emergency physicians,
after having a recent patient visit with a pulmonary
embolism diagnosis, immediately increased their rates of
pulmonary embolism testing for subsequent patients.
However, we did not find that this increase persisted. These
results are consistent with the availability heuristic
influencing physician decisionmaking in relation to
pulmonary embolism diagnoses. Further study is needed to
understand the consequences of this and other heuristics.
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