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Essays on Physician Behavior 

Abstract 
This dissertation comprises three chapters that study the behavioral economics of 

physician decision-making. All three chapters examine the common but high-risk clinical 

scenario of assessing patients in the emergency department (ED) with shortness of breath (SOB) 

for the risk of pulmonary embolism (PE) in the Veterans Affairs (VA). 

Chapter 1 studies the availability heuristic, under which the assessment of an event’s 

probability is influenced by the ease with which such events can be recalled, such as due to the 

recency of the event. I perform an event study that examines whether a recent diagnosis of a PE 

was associated with changes in rates of PE testing for subsequent patients, controlling for other 

PE risk factors like high heart rate. Compared to the 10 days prior to a PE diagnosis, the rate of 

PE testing increases by approximately 10 percent in the 10 days after. I fail to find statistically 

significant changes in composition of the patients after PE diagnosis or in the use of two tests 

unrelated to PE. I also fail to find significant differential changes in testing after PE diagnosis 

between older and younger physicians, arguing against a Bayesian updating interpretation of my 

results. 

Chapter 2 studies how physicians make decisions when communication with patients 

may be difficult, such as with patients with dementia. I first examine whether physicians were 

more likely to test patients for PE when they have known PE risk factors. I then examine whether 
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physicians take these factors less into account when evaluating patients with dementia. I find that 

while each clinical factor examined was associated with an increased probability of testing, 

physicians took three of the four factors examined less into account for patients with dementia, 

even though these clinical factors had inconsistent differential associations with subsequent PE 

for these patients. 

Chapter 3 studies the anchoring bias, or the focus on one—often an initial—piece of 

information. I examine, for patients with congestive heart failure (CHF), how the mention of this 

diagnosis in the patient record field “Patient Visit Reason,” which is entered by a nurse or 

administrator prior to the physician first interacting with the patient, influences PE testing. I find 

that, conditional on CHF severity and PE risk factors, that the mention of CHF in the “Patient 

Visit Reason” is associated with over a third less testing for PE, a longer time to PE testing for 

those tested, and increased use of blood tests for exacerbations of CHF. 
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Introduction 
What influences physician behavior, and more specific to this dissertation, why do 

physicians order (or not order) certain tests or treatments? To maximize profit? Literature shows 

that physicians clearly respond to financial incentives. Increases in payment rates lead to 

increases in health care provision (Clemens and Gottlieb 2014; Coey 2015; Alexander and 

Schnell 2019), and lower reimbursement leads to decreases in health care provision (Coulam and 

Gaumer 1991; Ellis and McGuire 1993; Gruber at al. 1999).  

However, as Fuchs (1998) writes in Who Shall Live? Health, Economics, and Social 

Choice, “A common mistake is to think that the behavior of physicians can be understood only in 

terms of their desire to maximize income, ” while Arrow (1963) notes that physician “behavior is 

supposed to be governed by a concern for the [patient]’s welfare….” Newly-minted physicians 

swear under the Hippocratic Oath, an oath of ethics, to practice “for the benefit of the sick.” 

(History of Medicine Division 2012). Early models of physician utility had as inputs not only 

physician fees but also patient benefit (Ellis and McGuire 1986; McGuire 2000). The coefficient 

on this patient benefit parameter is often interpreted as physician professionalism or altruism 

(Chandra et al. 2012). Few would argue that professionalism does not play a role in testing and 

treatment decisions for most physicians. Instead, the operative question is how physicians weigh 

patient benefit versus their own revenue (Chandra et al. 2012), although there is indirect 

evidence that how physicians weigh the two varies greatly across physicians (Gawande 2009; 

Fisher et al. 2003). 

Physicians, though, do not make decisions in a vacuum. Traditional demand-side factors 

such as prices and preferences are also important. Increased cost-sharing and higher deductibles 

lead to decreases in patient health care utilization (Newhouse & the Insurance Experiment Group 
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1993; Brot-Goldberg et al. 2017). When focusing on the Medicare population for which 

insurance is more uniform, other demand-side factors such as patient health and preferences can 

play a significant part (Finkelstein et al. 2016), although physician beliefs appear to play a larger 

role than patient preferences (Cutler et al. 2019). 

In addition to these supply-side and demand-side factors, Chandra, Cutler, and Song 

(2012) note a third category of factors influencing physician behavior: situational factors. These 

situational factors include heuristics, or rules of thumb, that may “affect clinical decision making 

in similar ways across regions” (Chandra et al. 2012).  Research by Tversky and Kahneman in 

the 1970s explored the influence of these heuristics on judgment under uncertainty. They focused 

initially on three heuristics: 1) representativeness, or estimation of the likelihood of an event by 

comparing it to an existing prototype that already exists in one’s mind; 2) availability, under 

which assessment of event probabilities are influenced by the ease with which such events can be 

recalled; and 3) anchoring, or the focus on one—often an initial—piece of information (Tversky 

and Kahneman 1979). I study these latter two heuristics in my dissertation. Such heuristics, 

although Chandra et al. (2012) note, likely do not play a large part in regional variations in care, 

the authors write that they are “evident in conceivably every decision to prescribe…health care, 

and understanding them may offer the greatest potential improvements for the productivity of 

health care spending.”  

Although Chandra et al. (2012) focus on treatment decisions, these situational factors 

likely also play a role in testing decisions, and the influence of situational factors, including 

heuristics, on testing decisions is the focus of my dissertation. The medical literature is vast 

regarding the use of heuristics in physician decision-making. Earlier studies, however, often 

followed a small sample of cases (Redelmeler 2005; Graber et al. 2005); Graber et al. (2005), for 
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example, examined a hundred cases of diagnostic error and found that many times these cases 

were the result of physicians anchoring on an initial diagnosis. Other early studies examined 

physician decision-making under experimental conditions; Mamede et al. (2010) presented 36 

internal medicine residents with clinical vignettes and found evidence consistent with the 

availability heuristic. One exception to the reliance on small samples or experiments is the study 

by Choudhry et al. (2006). These authors found evidence consistent with the availability 

heuristic due to adverse events; in particular, they find that when the patients of a physician 

suffered a bleeding event when on an anticoagulant, or blood thinner, for atrial fibrillation (a 

medical condition that predisposes patients to strokes), physicians were 21 percent less likely to 

prescribe an anticoagulant to their subsequent patient with atrial fibrillation. 

Before returning to more recent literature, both in economics and health services 

research, on the use of heuristics in physician decision-making, this introduction will highlight 

other important situational factors. One factor, alluded to in McGuire (2000), is physician 

“diligence, care, attentiveness—synonyms…for ‘effort.’” Such effort is beneficial for patients 

and costly for physicians. Such effort is also noticeable to patients; for example, minority 

patients were more likely to report inadequate time with physicians and were less likely to report 

that physicians listened carefully to them (Blendon et al. 2008). A similar study found that 

minority patients undergoing breast cancer treatment were less likely than white patients to 

report that physicians were respectful, adequately explained things, or spent enough time with 

them (White-Means and Osmani 2017). There may also be differences in effort when caring for 

patients with dementia, a group that is the focus of Chapter 2 of my dissertation. One qualitative 

study found that, for several physicians, “the likelihood that a patient could be restored to a state 
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of robust health was a significant motivator to spend time and energy with that patient” (Higashi 

et al. 2012). 

Physician effort may be related to the use of heuristics in physician decision-making. 

Frank and Zeckhauser (2007) write that physicians may deliver heuristics-based (“ready-to-

wear”) care relative to patient-specific (“custom-made”) care because the latter is cognitively 

costly and requires “communication with patients to determine their symptoms, histories, and 

preferences” that “can be both challenging and time-consuming”; that is, patient-specific care 

takes more effort. On one end of a spectrum that Frank and Zeckhauser (2007) propose to 

evaluate physician decisions is “hyper-rationality,” under which “the physician effectively 

optimizes for each patient, given the information available at the time.” This hyper-rationality 

assumes that the effort needed to make such decisions is minimal. This hyper-rationality is also 

in a sense one standard that I use to evaluate the testing decisions for patients with dementia in 

Chapter 2 of my dissertation, abstracting away from the considerations of delivering care to a 

population with a more limited life expectancy. 

The diligence, care, and attentiveness from physicians that McGuire (2000) considers 

may be more difficult with time pressure and fatigue. Chan (2018) finds that, near the end of 

shift, emergency department (ED) physicians shorten the duration of the ED visit and increase 

health care utilization and inpatient admissions for the patients they care for. Linder et al. (2014) 

find that antibiotics are more likely to be prescribed towards the end of the day, while Neprash 

and Barnett (2019) find that opioids were more likely to be prescribed later in the day and when 

appointments started late. One possible future research direction is examining whether fatigue 

and time pressure lead to great use of specific heuristics in physician decision-making (versus the 

general low-value care that is examined here). 
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Another important situational factor for which the literature is growing is physician skill. 

I will focus my discussion here, as I focus on in my dissertation, on diagnosis, acknowledging 

that there is a rich literature on skill in treatment, which roughly can be separated into 

comparative advantage (ability to perform certain treatments; Chandra and Staiger 2007) and 

allocative efficiency (providing the right treatments to the right patients; Chandra and Staiger 

2019). Skill in diagnosis, on the other hand, is more of a question of allocative efficiency 

(providing the right tests to the right patients). This has been examined from the perspective of 

patients in several papers. Abaluck et al. (2016) find that in the scenario of testing for pulmonary 

embolism (PE), the clinical scenario I examine in my dissertation, there is evidence of allocative 

inefficiency—patients at high-risk are often not tested. The data I use in my paper is more 

clinically-rich than the Medicare claims data they use; 1) they focus on CT scans of the chest, 

while I also include a blood test called D-dimer that is also commonly-used to test for PE; 2) I 

have data that they do not on clinical factors that physicians consider when assessing PE risk—

mainly vital signs (oxygen level and heart rate); and 3) I see the reason for visit when they do 

not, so that while they include essentially all those who come into the ED, I am able to exclude 

those who come in, for example, for finger pain, for whom pulmonary embolism likely should 

not be in the set of possible diagnoses to consider. Similarly, using a machine-learning approach, 

Mullainathan and Obermeyer (2020) find a similar failure to target testing for heart attacks to 

many high-risk patients. Again, like Abaluck et al (2016), they mainly use Medicare data. 

Moving from the patient to the physician perspective, we can ask, instead of whether the 

right patients are receiving the right tests, whether certain physicians are better at targeting the 

right tests to the right patients. A study by Doyle et al. (2010) finds that, at a single hospital 

staffed by physicians from two institutions of different rank, patients treated by physicians from 
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the higher ranked institution have similar outcomes but have 10-25% less expensive stays than 

those from the lower ranked institution; the authors find that these cost differences are largely 

due to differences in testing—physicians from the lower ranked institution order more tests and 

take longer to order them. Chan et al. (2019) find tremendous variation in diagnostic skill among 

radiologists; they estimate that almost half of the variation in testing decisions is due to 

differences in skill. In contrast to Doyle et al. (2010), Chan et al. (2019) fail to find a relationship 

between skill and rank of training (at least as measured by rank of the medical school attended); 

in fact, they find evidence of a slightly negative relationship. The chapters of my dissertation, 

with the use of physician fixed effects, can be interpreted as taking differences in physician skill 

(and physician testing thresholds) as given and looking at use of heuristics and other situational 

factors across physicians, but a future avenue of my work will be to look at whether variation in 

testing thresholds and in skill are associated with differences in use of heuristics. 

Finally, one final factor, discussed briefly by Chandra et al. (2012), is risk aversion. Risk 

aversion is not specifically mentioned in the previously-discussed papers on diagnosis, but it is in 

a sense inherent in several of these authors’ measurement of preferences or thresholds. For 

example, Chan et al. (2019), in the clinical situation of diagnosing pneumonia from chest X-rays, 

describe physician preferences as a tradeoff between increasing the rate of true positives and 

decreasing the rate of false positives. That is, physicians try to avoid false negatives and false 

positives. Chandra et al. (2012) write that “the magnitude of risk aversion may depend on the 

clinical scenario.” But even in the same clinical scenario, there may be multiple dimensions of 

risk and risk aversion. In the case of Chan et al. (2019), holding skill constant, it’s the risk of a 

false negative versus the risk of a false positive (or the risk of missing a pneumonia versus the 

risk of diagnosing a pneumonia that is not there and subjecting the patient to the side effects 
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from antibiotics, including antibiotic-associated infections, such as Clostridium difficile). In the 

case of testing for pulmonary embolism, considered by Abaluck et al. (2016) and in this 

dissertation, it’s the risk of missing a pulmonary embolism versus the risk of subjecting the 

patient to radiation, of finding incidental masses that would have otherwise caused no harm but 

now need to be followed with additional testing, and of possible damage to the kidneys from 

intravenous contrast. In addition, although the consequences of an undiagnosed and untreated 

pulmonary embolism can be severe, a decision rule that everyone at a non-zero risk of a 

pulmonary embolism should be tested would overwhelm the testing capacity of almost all 

hospitals. Examining these dimensions of risk aversion and whether they are consistent within 

the same physician across clinical scenarios is another future research avenue of mine. Such risk 

aversion, for example, may help explain why so much “low-value” care is delivered; that is, 

perhaps physicians sometimes prescribe antibiotics for presumed viral sinusitis because they fear 

missing the small probability of a bacterial infection. As learned in Chan et al. (2019), however, 

one must be careful to disentangle skill from risk aversion. 

I now return to the more recent literature on the use of heuristics in physician decision-

making. Some research has found evidence consistent with left digit bias, which is tendency to 

categorize continuous variables based on the left-most digit (Coussens 2017; Olenski et al. 

2020). Left digit bias is why many goods are priced at $4.99 instead of $5.00. Other more recent 

studies have examined the availability heuristic, but they do so in relation to adverse events like 

in Choudhry et al. (2006). Keating et al. (2017) find that, after an adverse event from a 

colonoscopy, rates of colonoscopy temporarily decline for subsequent patients. Singh (2019) 

examining switching behavior between cesarean and vaginal modes of delivery, finding evidence 

that adverse events with one mode leads to switching to the other mode. Singh formalizes a 
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model of Bayesian updating in which physicians match patients to an appropriate mode of 

delivery, higher physician ability results in better matching of patient to delivery mode, and 

physicians update their beliefs on appropriate matching from the clinical outcomes of their past 

patients. This model has two predictions: 1) more experienced physicians, with more clinical 

outcomes to learn from, will converge to a “true” match value and switch less frequently, and 2) 

physicians whose ability to match delivery mode to patient is lower will take longer to converge 

to a “true” match value and therefore will switch more frequently. It is this first test that I use in 

Chapter 1 of my dissertation, although in future iterations I may be able to perform the second 

test. 

In Ly (2019), I look at whether injury reports, which are possible precursors to 

malpractice suits, lead practice peers to increase their use of diagnostic imaging, which can be 

interpreted as an availability effect leading to positive defensive medicine. This is a situation in 

which Bayesian updating may be less of an issue because I examine injury reports against one’s 

peer, not against oneself (although care patterns may be correlated within practices) and I 

examine all injury reports, not specifically ones for which more diagnostic imaging may have 

prevented the injury. I find that the rate of advanced diagnostic imaging increases by about a 

third in the quarter immediately after an injury report against one’s peer, but that this increase 

does not persist in subsequent quarters. I also find that results were driven more by reports of 

injuries that resulted in death compared to those that did not, consistent with death being a more 

salient event leading to a stronger availability effect. In Chapter 1 of my dissertation, I examine 

whether diagnoses themselves, rather than adverse events, lead to an availability effect. 

Availability is the first heuristic that Chandra et al. (2012) discuss in their section on situational 

factors, writing that “the availability heuristic suggests that a physician who has just seen a 
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patient with influenza may be more likely to make the diagnosis of influenza for the next patient 

who walks through the door with a cough….” This is essentially what I test for in my 

dissertation. 
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Chapter 1 
The Availability Heuristic in the Evaluation of Patients with Shortness of Breath in the 

Emergency Department 
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Background 

The quality of care physicians deliver is hypothesized to be influenced by cognitive 

biases.1,2 These biases include the availability heuristic, under which the assessment of an event’s 

probability is influenced by the ease with which such events can be recalled, such as due to the 

recency of the event. The availability heuristic was one of the heuristics, or rules of thumb, that 

Tversky and Kahneman originally studied in the 1970s.3 It is thought to be one of the most 

common heuristics influencing physician decision-making.4 In a prototypical example, one 

physician, when describing a patient encounter, noted that “[t]he diagnosis of subclinical 

pneumonia was readily available to [him] because he had recently seen so many cases of the 

infection.”5  

Literature regarding cognitive biases, however, is largely limited to case vignettes,6 small 

samples of patients,1 or small-scale experiments.2 A handful of studies that have examined the 

influence of cognitive biases in non-experimental conditions using large databases have found 

evidence consistent with the availability heuristic after adverse events7,8,9,10 (that is, adverse 

events causing changes in physician behavior) and with left-digit bias, which is tendency to 

categorize continuous variables based on the left-most digit.11,12 We are not aware of other 

literature examining cognitive biases in complex testing decisions using clinically-rich data 

containing information such as vital signs. 

In this study, we used national Veterans Affairs (VA) electronic health record (EHR) data 

from 2011 to 2018 to examine a common, high-risk clinical scenario: assessing patients in the 

emergency department (ED) with SOB for the risk of pulmonary embolism (PE). We examined 

whether a physician, after diagnosing a PE, was more likely to test subsequent patients for PE, 

controlling for objective PE risk factors found in the EHR such as tachycardia and recent 
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surgery. We then examined whether tests for conditions unrelated to PE also changed after PE 

diagnosis. Finally, we considered an alternative hypothesis that increases in PE testing in 

subsequent patients after a PE diagnosis are in part due to physician learning—that is, updating 

their pre-test probabilities for PE—by examining whether older physicians, who due to their 

experience would learn less about PE risk from a single diagnosis of PE than younger 

physicians,10 had a differential change in PE testing after PE diagnosis than younger physicians.  

 

Methods 

Data Sources and Study Population 

We used national EHR data from the VA Corporate Data Warehouse, which includes 

patient demographics, vital signs, diagnosis codes, tests ordered, and surgeries performed; these 

data have been used in prior studies.13,14 We began our study in 2011 when the VA completed 

implementation of Emergency Department Integration Software (EDIS), which was intended to 

improve ED care by making patient data collection and reporting in the ED more systematic;15 

we used ED visit data collected in EDIS.  

We identified all patients aged 21 and over who visited a VA ED for SOB. We excluded 

ED visits with a duration longer than 24 hours, as these visits may be coded in error. We 

excluded ED visits for patients on hospice or who were comfort measures only. We also 

excluded ED visits for patients with an outpatient prescription fill for an anticoagulant within 30 

days prior to ED arrival in order to exclude patients who were possibly being treated for an acute 

PE or were otherwise on a medication that would make PE a much less likely diagnosis. 

Study Measures  
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We included as covariates clinical factors found in a validated16,17 and commonly-taught 

during the examined time period18 clinical prediction rule: Wells’ score for PE (Appendix Table 

1.1). Using EHR data, we are able to observe 4 of the 7 clinical factors in the Wells’ score: prior 

deep venous thrombosis (DVT) or PE, a diagnosis of cancer within the prior 6 months, a surgery 

within the prior 4 weeks, or heart rate greater than 100. Given that there was no time period for 

“prior” DVT or PE, we chose a window of 10 years prior to ED arrival time to look for an 

inpatient or outpatient diagnosis of acute or chronic DVT or PE. For heart rate, we chose the first 

heart rate recorded after ED arrival. We also a priori included 4 other clinical covariates. The 

first was oxygen saturation less than 90%. Because we do not have liters of supplemental oxygen 

provided, we chose the first oxygen saturation recorded after ED arrival, as this may be the 

reading that is most likely to be performed before supplemental oxygen is provided and other 

interventions are performed. The other 3 clinical factors were the presence of diseases whose 

exacerbation may provide a possible alternative diagnosis for shortness of breath: ischemic heart 

disease, congestive heart failure (CHF), and chronic obstructive pulmonary disease (COPD). For 

these diagnoses and the diagnosis of dementia, we a priori chose a 2-year window prior to ED 

arrival time to look for an inpatient or outpatient diagnosis of these diseases. Other patient 

covariates included age, sex, and race and ethnicity. Finally, we included DNR/DNI status.  

Our main outcome of interest was a test for PE either within 8 hours of ED arrival or by 

ED departure, whichever came first; in a sensitivity analysis we removed the 8-hour restriction. 

There are two main recommended tests for PE: a D-dimer blood test or a CT scan of the chest 

with contrast. Because we are 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.  
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Statistical Analysis 

Our main empirical specification was an event study that compared rates of PE testing 

from 60 days before an initial PE diagnosis to 60 days after. This was done by performing a 

multivariable regression using a linear probability model of our testing outcome as a function of 

time (in 10-day intervals) relative to an initial PE diagnosis, controlling for the clinical and 

demographic covariates listed above. Physicians were allowed to diagnose multiple PEs. We 

included physician fixed effects to control for differences in testing thresholds between different 

physicians. 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. We included physicians who did not diagnose a PE during the examined time period to 

obtain more precise estimates of the coefficients of interest, although we excluded such 

physicians in a sensitivity analysis. In order to provide a more easily interpretable measure, we 

then performed a difference-in-differences analysis replacing the event time variables with a 

single post-PE diagnosis variable. We also examined whether the composition of the patients 

seen (age, sex, and race/ethnicity) changed after PE diagnosis. 

In a falsification test, we then performed event studies for two tests (one blood test and 

one imaging test) unrelated to PE that we chose a priori —thyroid stimulating hormone test and 

hand X-rays. Rates of such testing would not be expected to change after a PE diagnosis due to 

the availability heuristic. 

Finally, to examine an alternative hypothesis that increases in PE testing in subsequent 

patients after a PE diagnosis are in part due to physician learning, we performed a difference-in-

differences analysis to examine whether older physicians had a differential change in their PE 

testing after a PE diagnosis compared to younger physicians. In a physician learning model, 
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older, more experienced physicians, with more clinical outcomes that they have learned from, 

would learn less from any individual clinical outcome; therefore the interaction of older 

physician age with a recent PE diagnosis within the prior 60 days would be expected to be 

significantly negative.10 We defined older physicians as physicians who were 55 and older at the 

start of the examined time period (which is approximately the 80th percentile), although in 

sensitivity analyses we examined alternative definitions of older physicians.  

All p-values were from 2-sided tests and results were deemed statistically significant and 

the p<0.05 level. Data were prepared using Microsoft SQL Server and analyzed using Stata 

version 15.1. The VA Boston Healthcare System IRB approved the study.  

 

Results 

Our sample included 414,526 patient visits across 104 VA hospitals. The average age of 

our sample of visits to physicians who diagnosed at least one PE was 64.5; about 64 percent were 

white and about 9 percent were women (Table 1.1). About 13 percent of this sample had a 

diagnosis code of malignancy in the prior 6 months, about 7 percent had a prior DVT or PE, 

about 3 percent had a surgery in the prior 4 weeks, and a fifth had an elevated heart rate. About 7 

percent of this sample had a recorded oxygen saturation under 90 percent. About a third of this 

sample had ischemic heart disease, about a fifth had CHF, and almost half had COPD. Five 

percent were DNR/DNI. About 14 percent of patients in this sample received at least one of the 

examined tests for PE; about 11 percent received a D-dimer test and about 7 percent received a 

CT scan of the chest with contrast. About 2 percent of this sample had PE diagnosed in the ED. 
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Table 1.1: Patient visit characteristics, 2011-2018 

 Overall (n=414,526) Physicians who 
diagnosed at least 1 
PE (n=125,910) 

Physicians who 
diagnosed no PE 
(288,616) 

Age (years) 62.9 64.5 62.2 
21-30 (%) 2.9 2.3 3.2 
31-45 (%) 9.5 7.8 10.3 
46-60 (%) 23.8 21.8 24.7 
61-75 (%) 45.1 46.8 44.4 
76-90 (%) 16.3 18.6 15.3 

91+ (%) 2.2 2.7 2.0 
Female (%) 9.5 8.5 9.9 
Race    

American Indian or 
Alaska Native (%) 

0.8 0.8 0.8 

Asian (%) 1.3 1.1 1.3 
Black (%) 24.9 24.0 25.3 

Hispanic (%) 7.0 6.0 7.5 
Other race or ethnicity 

(%) 
4.2 4.2 4.2 

White (%) 61.8 63.8 60.9 
Malignancy within 6 
months (%) 

11.3 13.0 10.6 

Past deep venous 
thrombosis or 
pulmonary embolism 
(%) 

5.7 7.3 5.1 

Surgery within 4 weeks 
(%) 

2.1 2.5 1.9 

Heart rate>100 (%) 17.5 20.3 16.2 
Oxygen saturation<90% 
(%) 

5.1 6.8 4.4 

Ischemic heart disease 
(%) 

29.0 32.7 27.3 

Congestive heart failure 
(%) 

18.5 22.6 16.7 

Chronic obstructive 
pulmonary disease (%) 

38.9 44.5 36.4 

DNR/DNI (%) 4.1 5.0 3.7 
Pulmonary embolism 
diagnosed in emergency 
department (%) 

0.7 2.2 0 
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Table 1.1 (continued): Patient visit characteristics, 2011-2018 

D-dimer (%) 6.4 10.5 4.6 
CT scan with contrast 
(%) 

4.1 7.2 2.9 

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

8.7 14.1 6.3 
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In our event study specification (Figure 1.1), controlling for other observable PE risk 

factors, there was a statistically significant increase in PE testing for subsequent patients by 1.38 

percentage points (95% CI 0.42 to 2.34) in the first 10 days after a recent PE diagnosis compared 

to the 10 days prior to the PE diagnosis. None of the coefficients for the other 10-day intervals in 

the 120-day window around the PE diagnosis were statistically significantly different from 0 

(Appendix Table 1.2). Patients with recent malignancy, past DVT/PE, recent surgery, 

tachycardia, and low oxygen saturation were more likely to be tested for PE (Appendix Table 

1.2). Those with ischemic heart disease were more likely to be tested for PE, while those with 

CHF were less likely to be tested. Those DNR/DNI were less likely to be tested.  

In a difference-in-differences analysis, PE testing increased 0.87 percentage points (95% 

CI 0.46 to 1.28) in the 60 days after recent PE diagnosis compared to the 60 days before 

(Appendix Table 1.3). Results were unchanged when removing the restriction of examining PE 

testing only in the first 8 hours (Appendix Figure 1.1 and Appendix Table 1.3). For example, 

when removing this restriction, in a difference-in-differences analysis, PE testing increased 0.89 

percentage points (95% CI 0.49 to 1.30) in the 60 days after recent PE diagnosis compared to the 

60 days before (Appendix Table 1.3). Patterns were unchanged when excluding physicians who 

diagnosed no PE during the examined time period (Appendix Figure 1.2), although the 95 

percent confidence intervals were wider. Patterns were similar when examining D-dimer testing 

and CT scans separately (Appendix Figure 1.3 and Appendix Table 1.3). For example, in a 

difference-in-differences analysis, D-dimer testing increased 0.77 percentage points (95% CI 

0.40 to 1.15) in the 60 days after recent PE diagnosis compared to the 60 days before, while CT 

scans increased 0.33 percentage points (95% CI 0.02 to 0.66) in the 60 days after recent PE  
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Figure 1.1: Change in Testing for Pulmonary Embolism in Subsequent Patients after a Diagnosis 
of Pulmonary Embolism, 2011-2018 

 

 

Note: Author’s calculation using VA data from 2011-2018. The bands are 95 percent confidence 
intervals. Testing refers to D-dimer test or CT scan of the chest with contrast performed within 
the first 8 hours of patient arrival. Estimates are from a 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, heart rate>100, oxygen saturation<90%, 
ischemic heart disease, congestive heart failure, and chronic obstructive pulmonary disease, and 
DNR/DNI status. Standard errors were clustered at the hospital level. 
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diagnosis compared to the 60 days before (Appendix Table 1.3). We failed to find statistically 

significant changes in the composition of the patients (as measured by age, sex, or race/ethnicity) 

after a recent PE diagnosis (Appendix Figure 1.4). 

In our falsification test, we failed to find statistically significant changes in rates of TSH 

testing and hand x-rays after a recent PE diagnosis (Figure 1.2). None of the coefficients for the 

10-day intervals in the 120-day window around the PE diagnosis were statistically significantly 

different from 0 for either TSH testing or hand x-rays. We also failed to find statistically 

significant changes in our difference-in-differences analysis for either TSH testing or hand x-rays 

(Appendix Table 1.3). For example, the coefficient on TSH testing was 0.04 (95% CI -0.17 to 

0.24) for the 60 days after recent PE diagnosis compared to the 60 days before, while the 

coefficient on hand x-rays was 0.03 (95% CI -0.04 to 0.09) for the 60 days after recent PE 

diagnosis compared to the 60 days before. 

We failed to find a statistically significant difference in the change in rates of PE testing 

after a recent PE diagnosis between physicians older and younger than age 55 (Table 1.2). The 

coefficient on the interaction term between physician age and PE testing in the 60 days after 

recent PE diagnosis was -0.20 (95% CI -1.24 to 0.84). These results were unchanged when 

examining alternative age cutoffs (Appendix Table 1.4). 

 

Conclusions 

Using a national sample of almost half a million VA patient visits to the ED for SOB, this 

study found statistically significant increases in PE testing for subsequent patients immediately  
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Figure 1.2: Change in TSH Testing and Hand X-rays in Subsequent Patients after a Diagnosis of 
Pulmonary Embolism, 2011-2018 

Panel A: TSH Testing 

 

Panel B: Hand X-rays 

 

Note: Author’s calculation using VA data from 2011-2018. The bands are 95 percent confidence 
intervals. Testing refers to each respective test performed within the first 8 hours of patient 
arrival. Estimates are from a 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, heart rate>100, oxygen saturation<90%, ischemic heart  
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Figure 1.2 (continued): Change in TSH Testing and Hand X-rays in Subsequent Patients after a 
Diagnosis of Pulmonary Embolism, 2011-2018 

disease, congestive heart failure, and chronic obstructive pulmonary disease, and DNR/DNI 
status. Standard errors were clustered at the hospital level. 
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Table 1.2: Differences by Physician Age in Change in Testing for Pulmonary Embolism in 
Subsequent Patients after a Diagnosis of Pulmonary Embolism 

Variable Coefficient 
Recent pulmonary embolism 

diagnosis within 60 days 0.0090 (0.0050 to 0.0129) 
Recent pulmonary embolism 
diagnosis x physician 55 and 

over (versus under 55) -0.0020 (-0.0124 to 0.0084) 
Note: Author’s calculation using VA data from 2011-2018. Linear probability models of testing 
(D-dimer and/or CT scan with contrast) as a function of a binary variable for diagnosis of 
pulmonary embolism within 60 days and the interaction of this binary variable with the binary 
variable of being a physician 55 and over were performed; physician fixed effects were included 
to compare differences in testing within the same physician, controlling also 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, heart rate>100, oxygen saturation<90%, ischemic 
heart disease, congestive heart failure, and chronic obstructive pulmonary disease, DNR/DNI 
status, year fixed effects, month fixed effects, and weekend fixed effects. Standard errors were 
clustered at the hospital level. 95% confidence interval in parentheses. 
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after a recent PE diagnosis, but no such increases in testing for other conditions unrelated to PE 

or changes in the composition of the patients. We also failed to find differential changes in PE 

testing after a recent PE diagnosis between older and younger physicians. These results may be 

consistent with physicians being susceptible to the availability heuristic—that is, physicians after 

a recent PE diagnosis may temporarily place higher probabilities of a PE in subsequent patients 

with SOB, and therefore, conditional on objective PE risk factors, may increase their rates of PE 

testing for a short time period.  

Another interpretation to our findings is that increases in testing after a recent PE 

diagnosis represent physician learning or updating. That is, when physicians diagnosis a PE, they 

update their pre-test probabilities for PE for subsequent patients and increase their rates of PE. 

However, our results are largely inconsistent with such an interpretation. First, in a learning 

model, such increases in testing rates should be persistent. We instead find that the increase in 

testing is only statistically significant from zero in the first 10 days. Second, older physicians, 

with their stock of experience, should update their pre-test probabilities much less after a single 

diagnosis of PE than younger physicians. However, we fail to detect a difference in the change in 

PE testing rates after a recent PE diagnosis between older and younger physicians. However, we 

cannot rule out the possibility that some of the increase in PE testing that we observe represents 

physician learning. 

Prior literature that has examined cognitive biases in physician decision-making has often 

examined a relatively small number of cases; one study, for example, performed a review of 100 

cases deemed consistent with diagnostic error and found that cognitive errors contributed to 

about three-quarters of them.1 Some studies that have examined the influence of cognitive biases 
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using large databases have found evidence consistent with left-digit bias,11,12 while other studies 

have found evidence consistent with time pressure influencing physician decision-making.19,20  

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 A similar study found an analogous result in relation to adverse 

events after colonoscopy.8 One study examining cesarean and vaginal modes of delivery found 

that adverse events with one mode led to obstetricians switching to the other mode.10 This study 

also failed to find an association between physician experience and the availability heuristic. 

Another study found that injury reports, which are possible precursors to malpractice suits, 

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 positive defensive medicine.9 This study also found that results 

were driven more by reports of injuries that resulted in death compared to those that did not 

result in death, consistent with death being a more salient event leading to a stronger influence of 

the availability heuristic. Our study is the first that we know of using large, clinically-rich data to 

examine cognitive biases in complex testing decisions, focusing particularly on whether 

diagnoses themselves, rather than recent adverse events, influence testing for subsequent 

patients. 

This study has several limitations. First, the data do not have the actual cognitive 

processes of physicians when evaluating patients, so we can only provide evidence consistent 

with certain cognitive biases—evidence that instead may be consistent with other explanations, 

including other biases or physician learning. Second, due to our research design, where the pre-
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period does not have a PE diagnosis, we are unable to determine whether increases in testing 

after a recent PE diagnosis lead to changes in testing yield; that is, whether this increase in 

testing that we observe represents on average overtesting or an improvement on undertesting. 

Third, we could not fully capture the clinically complexity of each case; particularly, the 

information that was conveyed during the history and physical. However, our use of EHR 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, given that we fail to 

find a change in patient composition after PE diagnosis, differences in the history conveyed by 

the patient should not systematically differ after PE diagnosis. Fourth, the vast majority of the 

VA patient population is male. Therefore, our results are specific to the VA and may not 

generalize to non-VA physicians treating non-VA patient populations. Fifth, we focused on a 

single diagnosis, although we suspect that the availability heuristic occurs after other diagnoses. 

As the literature examining cognitive biases using large databases grows, other evidence 

regarding whether increasing awareness of such biases changes individual behavior is mixed.21 

More promising is improving the decision environment for physicians through decision support 

tools.22, 23 Such decision support tools may help mitigate some physician cognitive biases and 

improve the care physicians deliver. 

In conclusion, we find that ED physicians, after a recent PE diagnosis, increased their 

rates of PE testing for subsequent patients, but that this increase in PE testing did not persist. 

These results are consistent with the availability heuristic influencing physician decision-making. 

Further study is needed to understand the consequences of this and other biases and to examine 

interventions to mitigate such biases. 
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Chapter 2 
How Physicians Evaluate Patients with Dementia who Present with Shortness of Breath 
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Background 

Physicians must integrate information from many sources when making patient care 

decisions. Such evaluations may be more difficult when caring for patients with dementia, who 

may, due to their progressive memory loss, have difficulty conveying what brought them to the 

hospital. Little is known about how physicians care for patients with dementia when they present 

to the hospital with common symptoms such as shortness of breath (SOB). Understanding how 

physicians care for such patients and how dementia may influence the care they receive will 

grow in importance as the population ages.  

Many physician evaluations of patients involve assessing disease risk, such as the risk of 

pulmonary embolism (PE) in patients with SOB. In some situations, such as PE risk assessment, 

clinical prediction rules can help physicians process large amounts of clinical information by 

highlighting a subset of clinical factors that are validated to correlate with disease risk.1,2 The 

literature is limited regarding whether physicians pay attention to this subset of factors because 

several of these factors, such as vital signs, are usually not in the claims data often used in 

studies. 

Prior literature examining non-financial influences of physician decision-making is 

largely limited by small samples3,4 or examines physician decision-making under experimental 

conditions.5 Some studies using large databases have found evidence consistent with 

heuristics,6,7,8 or rules of thumb, and time pressure9,10 influencing physician decision-making. In 

this study, we used national Veterans Affairs (VA) electronic health record (EHR) data from 

2011 to 2018 to examine a common, high-risk clinical scenario: assessing patients in the 

emergency department (ED) with SOB for the risk of PE. We first examined whether physicians 

consider clinical factors highlighted in validated clinical prediction rules1,2 to correlate with PE 
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risk and are also found in the EHR when evaluating patients with SOB. We then examined 

whether physicians took these clinical factors differentially into account when evaluating 

patients with dementia, even after controlling for differences in level of testing for patients with 

dementia. Finally, we examined an alternative possibility—that physicians weighed such 

objective clinical factors less for patients with dementia because they have a lower association 

with PE for such patients compared to patients without dementia. 

 

Methods 

Data Sources and Study Population 

We used national EHR data from the VA Corporate Data Warehouse, which includes 

patient demographics, vital signs (liters of supplemental oxygen are not included in our data), 

tests ordered, and surgeries performed; these data have been used in prior studies.11,12 We began 

our study in 2011 when the VA completed implementation of Emergency Department 

Integration Software (EDIS), which was intended to improve ED care by making patient data 

collection and reporting in the ED more systematic;13 we use ED visit data collected in EDIS.  

We identified all patients aged 40 and over who visited a VA ED for SOB. We excluded 

ED visits with a duration longer than 24 hours, as these visits may be coded in error and one of 

our outcomes is diagnosis of acute PE within 30 days of ED departure. We excluded ED visits 

for patients on hospice or who were comfort measures only. We also excluded ED visits for 

patients with an outpatient prescription fill for an anticoagulant within 30 days prior to ED 

arrival in order to exclude patients who were possibly being treated for an acute PE or were 

otherwise on a medication that would make PE a much less likely diagnosis. 
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Study Measures  

Our primary covariates of interest were clinical factors found in a validated1,2 and 

commonly-taught during the examined time period14 clinical prediction rule: Wells’ score for PE 

(Appendix Table 2.1). Using EHR data, we are able to observe 4 of the 7 clinical factors in the 

Wells’ score: prior deep venous thrombosis (DVT) or PE, a diagnosis of cancer within the prior 

6 months, a surgery within the prior 4 weeks, or heart rate greater than 100. Given that there was 

no time period for “prior” DVT or PE, we chose a window of 10 years prior to ED arrival time to 

look for an inpatient or outpatient diagnosis of acute or chronic DVT or PE. For heart rate, we 

chose the first heart rate recorded after ED arrival. We also a priori included 4 other clinical 

covariates. The first was oxygen saturation less than 90%. Because, as noted above, we do not 

have liters of supplemental oxygen, we chose the first oxygen saturation recorded after ED 

arrival, as this may be the reading that is most likely to be performed before supplemental 

oxygen is provided and other interventions are performed. The other 3 clinical factors were the 

presence of diseases whose exacerbation may provide a possible alternative diagnosis for 

shortness of breath: ischemic heart disease, congestive heart failure (CHF), and chronic 

obstructive pulmonary disease (COPD). For these diagnoses and the diagnosis of dementia, we a 

priori chose a 2-year window prior to ED arrival time to look for an inpatient or outpatient 

diagnosis of these diseases. Other patient covariates included age, sex, and race and ethnicity. 

Finally, we included DNR/DNI status. 

Our main outcome of interest was a test for PE either within 8 hours of ED arrival or by 

ED departure, whichever came first; in a sensitivity analysis we removed the 8-hour restriction. 

There are two main recommended tests for PE: a D-dimer blood test or a CT scan of the chest 

with contrast. Because we are missing 3 of the 7 clinical factors in the Wells’ score that may 
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make either a D-dimer test or a CT scan more appropriate, our outcome of interest is a composite 

measure of either or both tests.  

To examine whether clinical factors found in the Wells’ score may be weighed less for 

patients with dementia because they are less correlated with PE risk in such patients, our second 

outcome of interest was a diagnosis of acute PE in inpatient or outpatient data within 30 days of 

ED departure. This outcome was formed under the assumption that a pulmonary embolism will 

continue to cause the shortness of breath for which patients presented to the ED until discovered 

and treated. To improve the specificity of this outcome, in analyses examining this outcome, we 

excluded patients with a prior acute PE diagnosis. 

 

Statistical Analysis 

In the first specification, we performed a multivariable regression using a linear 

probability model of our testing outcome as a function of the four clinical factors in the Wells’ 

score that we could observe, controlling for the other clinical and demographic covariates listed 

above. We modeled these clinical factors both as a single score (1.5 points for elevated heart 

rate, 1.5 points for surgery in prior 4 weeks, 1.5 points for prior DVT/PE, and 1 point for a 

malignancy diagnosis in the prior 6 months;15 the score was entered categorically as 0, 1, 1.5, 

2.5, and 3+) and including each clinical factor separately. We included physician fixed effects to 

control for differences in testing thresholds between different physicians. 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. 
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In the second specification, to examine whether physicians took the four clinical factors 

differentially into account when evaluating patients with dementia, we included a covariate for 

dementia and the interaction of this covariate either with the Wells’ score or with the four 

clinical factors. The dementia covariate controls for differences in testing levels between patients 

with and without dementia to account for the possibility that patients with dementia on average 

are tested less. The coefficients on the interaction terms, therefore, help examine whether 

physicians take these clinical factors differentially into account when evaluating patients with 

dementia after controlling for differences in testing for patients with dementia. We otherwise 

controlled for the same covariates as in the first specification and clustered our standard errors at 

the hospital level. 

In the third specification, we replaced the testing outcome with our outcome of an acute 

PE diagnosis within 30 days of ED departure. This specification allows us to examine whether 

patients with dementia are on average less likely to have a subsequent acute PE 30 days after ED 

departure and whether the clinical factors are differentially associated with a subsequent acute 

PE for these patients. 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 IRB approved the study.  

 

Results 

Our sample included 829,789 patient visits across 104 VA hospitals. The average age 

was 66.3; about 63 percent were white, non-Hispanic and about 8 percent were women (Table 

2.1). 4.2 percent of patients had dementia. About 13 percent had cancer, about 6 percent had a  
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Table 2.1: Sample Characteristics, 2011-2018 

 All 
(n=829,789) 

Patients with 
dementia diagnosis 
(n=34,736) 

Patients without 
dementia diagnosis 
(n=795,053) 

Age (years) 66.3 78.9 65.8 
40-49 (%) 8.4 0.5 8.8 
50-59 (%) 20.1 3.2 20.8 
60-69 (%) 37.6 18.7 38.4 
70-79 (%) 20.0 25.9 19.8 
80-89 (%) 11.2 37.6 10.1 

90+ (%) 2.6 14.0 2.1 
Female (%) 7.5 2.5 7.7 
Race    
American Indian or Alaska 

Native (%) 
0.8 0.6 0.8 

Asian (%) 1.2 1.3 1.2 
Black (%) 24.4 18.7 24.7 

Hispanic (%) 6.0 11.5 5.7 
Other race or ethnicity (%) 4.3 4.3 4.3 

White (%) 63.4 63.5 63.3 
Dementia (%) 4.2 100 0 
Malignancy within 6 
months (%) 

12.8 15.2 12.7 

Past deep venous 
thrombosis or pulmonary 
embolism (%) 

6.3 12.0 6.1 

Surgery within 4 weeks 
(%) 

2.4 2.3 2.4 

Heart>100 (%) 18.5 17.6 18.6 
Wells’ score (points) 0.5 0.6 0.5 

0 points (%) 66.2 60.9 66.5 
1 point (%) 8.5 10.3 8.4 

1.5 points (%) 19.6 21.5 19.5 
2.5 points (%) 3.9 4.4 3.8 
3+ points (%) 1.9 3.0 1.8 

Oxygen saturation<90% 
(%) 

6.2 9.0 6.1 

Ischemic heart disease (%) 33.3 51.9 32.5 
Congestive heart failure 
(%) 

21.9 40.6 21.1 

Chronic obstructive 
pulmonary disease (%) 

44.9 55.5 44.4 
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Table 2.1 (continued): Sample Characteristics, 2011-2018 

DNR/DNI (%) 5.0 18.1 4.4 
D-dimer (%) 7.3 7.2 7.4 
CT scan with contrast (%) 4.8 4.2 4.9 
D-dimer and/or CT scan 
with contrast (%) 

9.9 9.4 9.9 

Acute pulmonary 
embolism diagnosed within 
30 days of departure from 
emergency department (%) 

0.9 1.1 0.9 

Notes: Author’s calculation using VA data from 2011-2018. For the Wells’ score, malignancy 
within 6 months was given 1 point, past deep venous thrombosis or pulmonary embolism was 
given 1.5 points, surgery within 4 weeks was given 1.5 points, and heart rate>100 was given 1.5 
points. 
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prior DVT or PE, about 2 percent had recent surgery, and almost a fifth had tachycardia. About a 

third had at least one observable clinical factor in the Wells’ score. About 6 percent had an 

oxygen saturation under 90 percent. About a third had ischemic heart disease, a fifth CHF, and 

over 40 percent had COPD. Five percent were DNR/DNI. About 10 percent of patients were 

tested for PE with a D-dimer and/or CT scan of the chest with contrast, with about 7 percent 

receiving a D-dimer and about 5 percent receiving a CT scan with contrast. About 1 percent had 

a subsequent acute PE diagnosis within 30 days of ED departure. 

Overall, each observable clinical factor in the Wells’ score was associated with increased 

testing for PE, and higher Wells’ scores were associated with more testing (Figure 2.1 and 

Appendix Table 2.2). For example, physicians were 3.0 percentage points (95% CI 2.6 to 3.4) 

more likely to test those with a score of 1 point than those with 0 points, and they were 10.6 

percentage points (95% CI 9.8 to 11.4) more likely to test those with a score of 3 or more points 

than those with 0 points. Similarly, physicians were 5.1 percentage points (95% CI 4.7 to 5.5) 

more likely to test those with an elevated heart rate and 4.3 percentage points (95% CI 3.6 to 4.9) 

more likely to test those with past DVT/PE. Physicians were 7.0 percentage points (95% CI 6.2 

to 7.8) more likely to test those with a recorded oxygen saturation below 90% (Appendix Table 

2.2). Physicians were 0.4 percentage points (95% CI 0.2 to 0.6) more likely to test patients with 

ischemic heart disease, while they were 0.8 (95% CI -1.2 to -0.4) and 0.8 (95% CI -1.2 to -0.4) 

percentage points less likely to test those with CHF and COPD, respectively. They were 0.7 

percentage points (95% CI -1.2 to -0.2) less likely to test those DNR/DNI. 

When comparing differences in the evaluation of patients with and without dementia by 

the same physician, among those with none of the risk factors in the Wells’ score that we 

examined, physicians were 0.8 percentage points (95% CI -1.2 to -0.4) less likely to test patients  
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Figure 2.1: Testing for Pulmonary Embolism by Wells’ Score and by Clinical Factors, 2011-
2018 

Panel A: Testing by Wells’ Score 

 

Panel B: Testing by Clinical Factors in Wells’ Criteria 

 

Notes: Bars are 95 percent confidence intervals. Author’s calculation using VA data from 2011-
2018. For the Wells’ score, malignancy within 6 months was given 1 point, past deep venous 
thrombosis or pulmonary embolism was given 1.5 points, surgery within 4 weeks was given 1.5 
points, and heart rate >100 was given 1.5 points. Linear probability models of testing (D-dimer 
and/or CT scan with contrast) as a function of Wells’ score or clinical factors in the Wells’ score 
were performed; physician fixed effects were included to compare differences in testing within 
the same physician, controlling also for oxygen saturation below 90, past history of ischemic 
heart disease, past history of congestive heart failure, past history of chronic obstructive  
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Figure 2.1 (continued): Testing for Pulmonary Embolism by Wells’ Score and by Clinical 
Factors, 2011-2018 

pulmonary disease, DNR/DNI, age, female, race and ethnicity, year, month, and weekend. 
Standard errors were clustered at the hospital level.   
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with dementia (Appendix Table 2.3). Even after controlling for this baseline difference in testing 

for patients with dementia, physicians took malignancy, past DVT/PE, and tachycardia less into 

account when evaluating patients with dementia who presented with SOB compared to patients 

without dementia (Appendix Table 2.3). For example, while for patients without dementia, past 

DVT/PE was associated with a 4.5 percentage point (95% CI 3.8 to 5.2) higher likelihood of 

testing, for patients with dementia, past DVT/PE was associated with a 2.0 percentage point 

(95% CI 1.0 to 3.0 [results not shown]) higher likelihood of testing, a difference of 2.4 

percentage points (95% CI -3.6 to -1.3).  

Patterns were similar when examining by Wells’ score (Figure 2.2 and Appendix Table 

2.3). For example, while the difference in testing between patients with and without dementia 

was 0.8 percentage points for those with a Wells’ score of 0, this difference grew by 5.4 

percentage points (95% CI -7.9 to -2.9) for those with a Wells’ score of 3 or more. Figure 2.2 

graphs this difference in testing between patients with and without dementia, with the green line 

representing what the level of PE testing for patients with dementia would be if the difference in 

testing between those with and without dementia for a Wells’ score of 0 persisted for higher 

scores, and with the purple line representing what the level of PE testing for patients with 

dementia would be if testing for such patients was uncorrelated with Wells’ score.  

Results were unchanged when not limiting PE testing to the first 8 hours (Appendix 

Table 2.4) or excluding patients who were DNR/DNI (Appendix Table 2.5). Results were largely 

unchanged when limiting to patients 50 and over or 60 and over, although this decreased the 

sample size and widened confidence intervals (Appendix Table 2.6). There appeared to be a 

monotonic pattern of lower PE testing for longer durations of the dementia diagnosis, although 

standard errors were larger for higher Wells’ score (Appendix Figure 2.1).  
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Figure 2.2: Testing for Pulmonary Embolism for Patients with versus without Dementia by 
Wells’ Score, 2011-2018 

 

Notes: Bars are standard errors clustered at the hospital level. Author’s calculation using VA 
data from 2011-2018. The green line represents what the level of PE testing for patients with 
dementia would be if the difference in testing between those with and without dementia for a 
Wells’ score of 0 persisted for higher scores. The purple line represents what the level of PE 
testing for patients with dementia would be if testing for such patients was uncorrelated with 
Wells’ score. For the Wells’ score, malignancy within 6 months was given 1 point, past deep 
venous thrombosis or pulmonary embolism was given 1.5 points, surgery within 4 weeks was 
given 1.5 points, and heart rate >100 was given 1.5 points. Adjusted probabilities were calculated 
using marginal standardization from linear probability models of testing (D-dimer and/or CT 
scan with contrast) as a function of Wells’ score; physician fixed effects were included to 
compare differences in testing within the same physician, controlling also for oxygen saturation 
below 90, past history of ischemic heart disease, past history of congestive heart failure, past 
history of chronic obstructive pulmonary disease, DNR/DNI, age, female, race and ethnicity, 
year, month, and weekend. Standard errors were clustered at the hospital level.   
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Patients with dementia did not have a lower incidence of diagnosis of acute PE within 30 

days of ED departure (Figure 2.3 and Appendix Table 2.7). When examining by Wells’ score, 

higher scores were not differentially associated with subsequent PE diagnosis for patients with 

dementia compared to patients without. When examining by individual clinical factors, past 

DVT/PE had a lower differential association with PE and recent surgery had a higher differential 

association with PE for patients with dementia. Because those who die from an undiagnosed PE 

would not have a subsequent acute PE diagnosis, we also examined the combined outcome of 

acute PE or death within 30 days; we failed to find a lower incidence of this outcome for any 

Wells’ score for those with dementia (Appendix Figure 2.2). 

 

Conclusions 

Using a national sample of over 800,000 ED visits for SOB, this study has three main 

findings. First, each clinical factor in commonly-taught clinical prediction rule for PE that was 

observable in our EHR data was associated with a higher likelihood of testing for PE. Second, 

after controlling for baseline differences in testing for patients with dementia, physicians 

appeared to take these clinical factors less into account when evaluating patients with dementia. 

Third, neither the presence of dementia itself nor these factors were generally differentially 

associated with a subsequent acute PE for patients with dementia. We are not aware of prior 

literature that examines, using clinically-rich data, how physicians care for patients with 

dementia when they present to the hospital with common symptoms such as SOB. 

Although the overall purpose of our study was not to determine whether physicians were 

placing weights consistent with clinical prediction rules or weights correlated with true PE risk  
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Figure 2.3: Subsequent Diagnosis of Acute Pulmonary Embolism for Patients with versus 
without Dementia by Wells’ Score, 2011-2018 

 

Notes: Bars are 95 percent confidence intervals. Author’s calculation using VA data from 2011-
2018. For the Wells’ score, malignancy within 6 months was given 1 point, past deep venous 
thrombosis or pulmonary embolism was given 1.5 points, surgery within 4 weeks was given 1.5 
points, and heart rate >100 was given 1.5 points. Adjusted probabilities were calculated using 
marginal standardization from linear probability models of subsequent diagnosis of acute 
pulmonary embolism (within 30 days) as a function of Wells’ score; physician fixed effects were 
included to compare differences in testing within the same physician, controlling also for oxygen 
saturation below 90, past history of ischemic heart disease, past history of congestive heart 
failure, past history of chronic obstructive pulmonary disease, DNR/DNI, age, female, race and 
ethnicity, year, month, and weekend. Standard errors were clustered at the hospital level. 
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(neither of which we could do due to the absence in our data of risk factors that could only be 

elicited during a history and physical exam), we do find evidence consistent with physicians 

paying attention to objective factors highlighted in this particular clinical prediction rule learned 

in their medical training. 

Physicians, though, may take these factors less into account when evaluating patients 

with dementia. Patients with dementia may be challenging to evaluate because they may not be 

able to convey important information about their present illness. It is unclear, however, why 

physicians appear to not fully use information available to them in the EHR. There are several 

possibilities: 1) physicians may place less weight on factors found in the EHR they cannot verify 

directly with the patient; 2) physicians may think that the clinical prediction rule does not quite 

apply to this population because they may not be able to obtain all of the factors that the rule 

asks for. In the first case, though, physicians can still verify objective information with family 

members or other caregivers. In addition, we found that tachycardia, which does not need to be 

directly verified with the patient, was also taken less into account for patients with dementia. In 

the second case, the weights physicians place on objective clinical factors for patients with 

dementia a priori may have been higher because, since physicians may be unable to obtain 

subjective information found in the Wells’ score, they may “upweight” objective factors so that 

they don’t systematically undertest patients for whom they could not calculate a full score. The 

results of our study, however, are inconsistent with this hypothesis. We were able to exclude a 

third possibility—that physicians took the Wells’ score less into account for patients with 

dementia because it had a lower association with PE incidence for such patients. A fourth 

possibility is that physicians, due to communication and other challenges, are more likely to miss 

these clinical factors when caring for these patients. 
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This study has several limitations. First, the data do not have the actual cognitive 

processes of physicians when evaluating patients, so it is possible that physicians do notice this 

clinical risk factors for patients with dementia but differentially act on seeing them for such 

patients. Second, we could not directly observe the quality of patient-physician communication. 

Third, the coding of dementia may be inconsistent in the medical record; however, studies have 

shown that the specificity of such coding in claims data is high: approximately 89 percent for 

dementia diagnoses and about 95 percent for Alzheimer’s dementia diagnoses.16 Fourth, we 

could not fully capture the clinically complexity of each case; particularly, the information that 

was conveyed during the history and physical exam, although the inclusion of vital signs is an 

advance on a literature that has often used claims data lacking this information. Fifth, the vast 

majority of the VA patient population is male. Therefore, our results are specific to the VA and 

may not generalize to non-VA physicians treating non-VA patient populations. Sixth, we focused 

on a single clinical scenario, so our results may not extend to other clinical scenarios. 

In conclusion, we find that while physicians do to pay attention to clinical factors 

highlighted in a commonly-taught clinical prediction rule, they may be more likely to mis-weight 

or miss such factors when caring for patients with dementia. As the population ages, delivering 

high-quality care to patients with dementia and identifying barriers to delivering such care will 

continue to grow in importance.  
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Chapter 3 
The Anchoring Heuristic in the Evaluation of Patients with Shortness of Breath in the 

Emergency Department 
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Background 

Cognitive biases are hypothesized to influence the care physicians deliver.1,2 Such biases 

include anchoring bias, under which physicians may focus on one—often an initial—piece of 

information. This anchoring bias was one of the heuristics, or rules of thumb, that Tversky and 

Kahneman first studied in the 1970s.3 It has been thought to be one of the more common 

heuristics that affect physician decision-making.4 Some argue that the possible influence of 

anchoring bias is one reason to avoid use of diagnostic labels when describing cases; for 

example, one physician writes that “the frame ‘return visit for peripheral neuropathy, not 

attending podiatry appointments’ would promote anchoring, whereas the frame ‘unexplained 

progressive left foot pain’ might combat it.”5  

Literature regarding cognitive biases, however, is largely limited to case vignettes,6 small 

samples of patients,1 or small-scale experiments.2 A handful of studies that have examined the 

influence of cognitive biases in non-experimental conditions using large databases have found 

evidence consistent with the availability heuristic (a cognitive bias under which assessments of 

event probabilities are influenced by the ease with which such events can be recalled)7,8,9,10 and 

with left-digit bias, which is tendency to categorize continuous variables based on the left-most 

digit.11,12  We are not aware of other literature examining cognitive biases in complex testing 

decisions using clinically-rich data containing information such as vital signs or literature 

specifically studying the anchoring bias. 

In this study, we used national Veterans Affairs (VA) electronic health record (EHR) data 

from 2011 to 2018 to examine a common, high-risk clinical scenario: assessing patients in the 

emergency department (ED) with SOB for the risk of PE. We examined information contained in 

the patient record field “Patient visit reason” entered on ED arrival by a nurse or administrator 
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prior to the physician encounter. We first examined, for patients with congestive heart failure 

(CHF), whether the mention of this disease in the visit reason was associated with reduced 

testing for PE, a longer time to PE testing, and increased B-type natriuretic peptide (BNP) 

testing, controlling for known PE risk factors, CHF severity, and other patient covariates.  We 

then examined whether the mention of CHF in the visit reason was differentially associated with 

subsequent PE.  

 

Methods 

Data Sources, Study Population, and Study Measures 

We used national EHR data from the VA Corporate Data Warehouse, which includes 

patient demographics, vital signs, diagnosis codes, tests ordered, and surgeries performed; these 

data have been used in prior studies.13,14 We began our study in 2011 when the VA completed 

implementation of Emergency Department Integration Software (EDIS), which was intended to 

improve ED care by making patient data collection and reporting in the ED more systematic;15 

we used ED visit data collected in EDIS. 

We identified all patients aged 30 and over with CHF who visited a VA ED for SOB. 

SOB was defined using the ED data field “Patient visit reason.” Although this field may read 

“shortness of breath” or “dyspnea,” it may also read “SOB/CHF.” We a priori defined visit 

reasons such as the latter as our primary covariate of interest (a binary dummy variable called 

“Visit reason that mentions CHF”). We excluded ED visits with a duration longer than 24 hours, 

as these visits may be coded in error and one of our outcomes is diagnosis of acute PE within 30 

days after ED departure. We excluded ED visits for patients on hospice or who were comfort 

measures only. We excluded ED visits for patients with an outpatient prescription fill for an 
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anticoagulant within 30 days prior to ED arrival in order to exclude patients who were possibly 

being treated for an acute PE or were otherwise on a medication that would make PE a much less 

likely diagnosis. We also excluded ED visits for patients who also had an outpatient evaluation 

and management visit on the same day as such outpatient visits may have influenced the ED visit 

reason. 

We included as covariates clinical factors found in a validated16,17 and commonly-taught 

during the examined time period18 clinical prediction rule: Wells’ score for PE (Appendix Table 

3.1). Using EHR data, we are able to observe 4 of the 7 clinical factors in this clinical prediction 

rule: prior deep venous thrombosis (DVT) or PE, a diagnosis of cancer within the prior 6 months, 

a surgery within the prior 4 weeks, or heart rate greater than 100. Given that there was no time 

period for “prior” DVT or PE, we chose a window of 10 years prior to ED arrival time to look 

for an inpatient or outpatient diagnosis of acute or chronic DVT or PE. For heart rate, we chose 

the first heart rate recorded after ED arrival. We also a priori included 3 other clinical covariates. 

The first was oxygen saturation less than 90%. Because we do not have liters of supplemental 

oxygen provided, we chose the first oxygen saturation recorded after ED arrival, as this may be 

the reading that is most likely to be performed before supplemental oxygen is provided and other 

interventions are performed. The other 2 clinical factors were the presence of diseases whose 

exacerbation may provide a possible alternative diagnosis for shortness of breath: ischemic heart 

disease and chronic obstructive pulmonary disease (COPD). For these diagnoses, we a priori 

chose a 2-year window prior to ED arrival time to look for an inpatient or outpatient diagnosis of 

these diseases. Other patient covariates included age, sex, and race and ethnicity. Finally, we 

included DNR/DNI status. 
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Our main outcome of interest was a test for PE either within 8 hours of ED arrival or by 

ED departure, whichever came first; in a sensitivity analysis we removed the 8-hour restriction. 

There are two main recommended tests for PE: a D-dimer blood test or a CT scan of the chest 

with contrast. Because we are 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.  

Our second outcome was, for those tested for PE, the time it took to test for PE. Our third 

outcome was BNP testing (within 8 hours of ED arrival or by ED departure, whichever came 

first), a test often ordered to evaluate for CHF exacerbation. Finally, we examined the hypothesis 

that patients with a visit reason including CHF may have been tested less for PE because such 

visit reasons had a lower association with subsequent PE; that is, whether such visit reasons, 

conditional on our covariates, gave additional information about the risk of PE. Therefore, our 

fourth outcome of interest was a diagnosis of acute PE in inpatient or outpatient data within 30 

days of ED departure. This outcome was formed under the assumption that a pulmonary 

embolism will continue to cause the shortness of breath for which patients presented to the ED 

until discovered and treated. To improve the specificity of this outcome, in analyses examining 

this outcome, we excluded patients with a prior acute PE diagnosis. 

Statistical Analysis 

We performed multivariable regressions using a linear probability model of our outcomes 

of interest as a function of our variable “Visit reason that mentions CHF.” We controlled for 

CHF severity by including duration of CHF diagnosis (0-2 years, 2-5 years, 5+ years) and 

number of inpatient admissions for CHF exacerbation in the prior year (0 admissions, 1 

admission, 2 admissions, 3+ admissions). We included the four clinical factors in the Wells’ 
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score that we could observe as well as the other clinical and demographic covariates listed above. 

We included physician fixed effects to control for differences in testing thresholds between 

different physicians. 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. 

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 IRB approved the study. 

 

Results 

Our sample included 108,019 patient visits across 104 VA facilities. The average age was 

71.9; about 63 percent were white, non-Hispanic and about 3 percent were women (Table 3.1). 

About 4 percent of patients had a visit reason that specifically mentioned CHF. About 16 percent 

had a diagnosis code of malignancy in the prior 6 months, about 13 percent had a prior DVT or 

PE, about 3 percent had a surgery in the prior 4 weeks, and about a fifth had an elevated heart 

rate. About 13 percent had a recorded oxygen saturation under 90 percent. About 70 percent had 

ischemic heart disease and about 70 percent had COPD. The average duration of CHF was 4 

years, with a quarter having CHF for 2-5 years and a third having CHF for 5 years or more. The 

average number of inpatient admissions for CHF in the prior year was 0.5, with about a quarter 

having 1 or more admissions. About 14 percent of our sample were DNR/DNI. About 13 percent 

of patients in our sample were tested for PE with either or both a D-dimer or CT scan with 

contrast, with 10 percent receiving a D-dimer and about 5 percent receiving a CT scan with 

contrast. For those tested for PE, the average time to test was about 75 minutes. About 70 percent  
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Table 3.1: Sample Characteristics, 2011-2018 

 Overall 
(n=108,019) 

Visit Reason 
Mentions 
CHF 
(n=4,392) 

Visit Reason 
Does Not 
Mention CHF 
(103,627) 

P-value for 
Difference 
between 
Mentioning 
and Not 
Mentioning 
CHF 

Visit reason mentions 
CHF 

4.1 1 0 - 

Age (years) 71.9 72.0 71.9 0.75 
30-49 (%) 1.6 2.1 1.6 <0.001 
50-59 (%) 10.4 10.8 10.4 
60-69 (%) 36.0 36.4 36.0 
70-79 (%) 26.5 24.2 26.6 
80-89 (%) 19.9 19.9 19.9 

90+ (%) 5.5 6.7 5.4 
Female (%) 2.5 2.0 2.6 0.04 
Race     

American Indian or 
Alaska Native (%) 

0.7 0.7 0.7 0.08 

Asian (%) 0.9 0.9 0.9 
Black (%) 25.7 25.3 25.7 

Hispanic (%) 5.2 5.0 5.2 
Other race or ethnicity 

(%) 
4.1 5.0 4.1 

White (%) 63.3 63.1 63.3 
Malignancy within 6 
months (%) 

15.9 12.8 16.0 <0.001 

Past deep venous 
thrombosis or 
pulmonary embolism 
(%) 

12.5 11.1 12.6 0.004 

Surgery within 4 weeks 
(%) 

3.0 2.5 3.0 0.05 

Heart rate>100 (%) 20.9 13.7 21.2 <0.001 
Oxygen saturation<90% 
(%) 

12.5 8.7 12.7 <0.001 

Ischemic heart disease 
(%) 

71.3 73.2 71.3 0.006 

Chronic obstructive 
pulmonary disease (%) 

68.4 51.7 69.1 <0.001 
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Table 3.1 (continued): Sample Characteristics, 2011-2018 

Duration of CHF 3.8 4.0 3.8 <0.001 
0-2 years (%) 42.0 38.1 42.1 <0.001 
2-5 years (%) 24.5 24.8 24.5 
5+ years (%) 33.5 37.0 33.4  

Number of inpatient 
admissions for CHF 

0.5 0.9 0.5 <0.001 

0 admissions (%) 73.8 56.4 74.5 <0.001 
1 admission (%) 15.4 23.3 15.0 

2 admissions (%) 5.7 9.9 5.5 
3+ admissions (%) 5.1 10.3 4.9 

DNR/DNI 13.9 12.6 13.9 0.02 
D-dimer (%) 10.0 6.0 10.2 <0.001 
CT scan with contrast 
(%) 

5.1 2.0 5.2 <0.001 

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

12.6 7.0 12.8 <0.001 

B-type natriuretic 
peptide (%) 

71.4 81.4 71.0 <0.001 

Time to PE testing 
(minutes) 

75.7 83.9 75.6 0.06 

Acute pulmonary 
embolism diagnosed 
within 30 days of 
departure from 
emergency department 
(%) 

1.1 1.0 1.1 0.30 

Notes: Author’s calculation using VA data from 2011-2018. P-values were calculated using t-
tests for means and chi-square tests for categories. 
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received BNP testing. About 1 percent had a subsequent diagnosis of acute PE with 30 days of 

ED departure. Patients with visit reason mentioning CHF (versus not mentioning CHF) had on 

average a longer duration of CHF (4.0 years versus 3.8 years; p-value <0.001 for the difference) 

and more inpatient admissions for CHF (0.9 admissions versus 0.5 admissions; p-value <0.001 

for the difference). They were less likely to have a recent diagnosis of malignancy, less likely to 

have a prior DVT or PE, less likely to have tachycardia, and less likely to have low recorded 

oxygen saturation. They were also more likely to have ischemic heart disease and less likely to 

have COPD. Patients with a visit reason mentioning CHF were less likely to be tested for PE (7.0 

percent versus 12.8 percent; p-value <0.001 for the difference) and more likely to get BNP 

testing (81.4 percent versus 71.0 percent; p-value <0.001 for the difference). We failed to find a 

statistically significant difference in the rate of acute PE diagnosed within 30 days of ED 

departure (1.0 versus 1.1 percent; p-value 0.30 for the difference). 

In multivariable analysis controlling for CHF severity, clinical factors known to be 

associated with PE risk, other patient clinical and demographic covariates, and differences in 

testing thresholds across physicians, a visit reason specifically mentioning CHF among patients 

with CHF was associated with a 5.1 percentage point (95% CI -6.1 to -4.0) lower likelihood of 

testing for PE (Table 3.2). Longer durations of CHF and more inpatient admissions for CHF in 

the past year were associated with less PE testing. For example, those with CHF for 5 or more 

years were 1.5 percentage points (95% CI -2.0 to -0.9) less likely to be tested for PE, while those 

with 3 or more inpatient admissions for CHF in the past year were 4.3 percentage points (95% CI 

-5.3 to -3.4) less likely to be tested for PE. The presence of each observable clinical factor in the 

Wells’ score was associated with greater PE testing. For example, those with tachycardia were 

3.2 percentage points (95% CI 2.6 to 3.8) more likely to be tested for PE. Low recorded oxygen  
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Table 3.2: PE Testing (D-dimer and/or CT scan with contrast) for Patients with a Visit reason 
that Mentions Versus Does Not Congestive Heart Failure, 2011-2018  

Variable Coefficient 
Visit reason mentions CHF -5.1 (-6.1 to -4.0) 
Duration of CHF  

0-2 years (reference) 
2-5 years -1.2 (-1.7 to -0.7) 
5+ years -1.5 (-2.0 to -0.9) 

Number of inpatient 
admissions for CHF 

 

0 admissions (reference) 
1 admission -2.0 (-2.5 to -1.4) 

2 admissions -3.2 (-4.1 to -2.4) 
3+ admissions -4.3 (-5.3 to -3.4) 

Malignancy within 6 months  2.5 (1.9 to 3.1) 
Past deep venous thrombosis 
or pulmonary embolism  

2.3 (1.6 to 3.0) 

Surgery within 4 weeks  2.7 (1.5 to 4.0) 
Heart rate>100  3.2 (2.6 to 3.8) 
Oxygen saturation<90%  2.0 (1.4 to 2.7) 
Ischemic heart disease -0.5 (-0.9 to -0.06) 
Chronic Obstructive 
Pulmonary Disease 

-1.7 (-2.2 to -1.1) 

DNR/DNI -1.1 (-1.6 to -0.5) 
Age (years)  

30-49  (reference) 
50-59  -0.8 (-2.7 to 1.0) 
60-69  -1.6 (-3.2 to -0.05) 
70-79  -2.3 (-4.0 to -0.5) 
80-89  -3.3 (-4.9 to -1.6) 

90+  -5.1 (-6.8 to -3.4) 
Female 2.2 (0.7 to 3.7) 
Race  

White  (reference) 
American Indian or Alaska 

Native  
0.8 (-1.5 to 3.0) 

Asian  0.2 (-2.4 to 2.7) 
Black  -1.2 (-1.8 to -0.6) 

Hispanic -1.5 (-2.5 to -0.5) 
Other race or ethnicity  0.4 (-0.7 to 1.5) 

Notes: Author’s calculation using VA data from 2011-2018. Linear probability model of PE 
testing (D-dimer and/or CT scan with contrast) as a function of visit reason mentioning CHF was  
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Table 3.2 (continued): PE Testing (D-dimer and/or CT scan with contrast) for Patients with a 
Visit reason that Mentions Versus Does Not Congestive Heart Failure, 2011-2018  

performed; physician fixed effects were included to compare differences in testing within the 
same physician, controlling also for the other covariates listed above (year, month, and weekend 
were also controlled for, but the coefficients on these variables are not reported). Standard errors 
were clustered at the hospital level. 95% confidence interval in parentheses. 
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saturation was also associated with a higher PE testing (2.0 percentage point increase; 95% CI 

1.4 to 2.7). Those with ischemic heart disease were 0.5 percentage points (95% CI -0.9 to -0.06) 

less likely to be tested for PE, while those with COPD were 1.7 percentage points (95% CI -2.2 

to -1.1) less likely to be tested for PE. Those DNR/DNI were 1.1 percentage points (95% CI -1.6 

to -0.5) less likely to be tested. Results were unchanged when not limiting PE testing to the first 

8 hours (Appendix Table 3.1) 

In multivariable analysis, among those tested for PE, a visit reason specifically 

mentioning CHF was associated with 15.5 minute (95% CI 5.7 to 25) longer time to PE testing 

(Table 3.3). Recent surgery (-8.5 minutes less; 95% CI -15 to -1.8) and tachycardia (-6.6 minutes 

less; 95% CI -11 to -2.6) were associated with a shorter time to PE testing. 

In multivariable analysis, a visit reason specifically mentioning CHF was associated with 

a 6.9 percentage point (95% CI 4.3 to 9.4) greater likelihood of BNP testing (Table 3.4). Longer 

durations of CHF and more inpatient admissions for CHF in the past year were associated with 

more BNP testing. For example, those with CHF for 5 or more years were 4.1 percentage points 

(95% CI 3.3 to 4.9) more likely to receive BNP testing, while those with 3 or more inpatient 

admissions for CHF were 12.9 percentage points (95% CI 11.1 to 14.8) more likely to receive 

BNP testing. Those with low oxygen saturation were 6.4 percentage points (95% CI 5.4 to 7.5) 

more likely to receive BNP testing. Those with ischemic heart disease were 4.0 percentage points 

(95% CI 3.0 to 5.0) more likely to receive BNP testing, while those with COPD 6.6 percentage 

points (95% CI -7.6 to -5.6) less likely to receive BNP testing. Those DNR/DNI were 2.2 

percentage points (95% CI -3.4 to -0.9) less likely to receive BNP testing. 

In multivariable analysis, we failed to find a difference in rates of subsequent acute PE 

between ED visits with a visit reason mentioning CHF and those not mentioning CHF (0.06  
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Table 3.3: Time to PE Testing Among Those Tested for Patients with a Visit reason that 
Mentions Versus Does Not Mention Congestive Heart Failure, 2011-2018 

Variable Coefficient 
Visit reason mentions CHF 15.5 (5.7 to 25) 
Duration of CHF  

0-2 years (reference) 
2-5 years 0.8 (-2.9 to 4.5) 
5+ years 0.6 (-2.4 to 3.5) 

Number of inpatient 
admissions for CHF 

 

0 admissions (reference) 
1 admission -3.4 (-7.3 to 0.5) 

2 admissions -1.9 (-7.8 to 4.0) 
3+ admissions -1.6 (-11 to 7.9) 

Malignancy within 6 months  0.06 (-3.2 to 3.3) 
Past deep venous thrombosis 
or pulmonary embolism  

1.6 (-3.6 to 3.7) 

Surgery within 4 weeks  -8.5 (-15 to -1.8) 
Heart rate>100  -6.6 (-11 to -2.6) 
Oxygen saturation<90%  -2.6 (-6.5 to 1.3) 
Ischemic heart disease -1.2 (-4.2 to 1.8) 
Chronic Obstructive 
Pulmonary Disease 

1.5 (-1.5 to 4.5) 

DNR/DNI -3.5 (-8.3 to 1.3) 
Age (years)  

30-49  (reference) 
50-59  -4.5 (-14 to 5.2) 
60-69  1.0 (-8.4 to 10.4) 
70-79  -0.9 (-11 to 9.0) 
80-89  2.0 (-7.4 to 11) 

90+  -0.9 (-11 to 9.3) 
Female -3.0 (-11 to 5.0) 
Race  

White  (reference) 
American Indian or Alaska 

Native  
-12 (-24 to 0.4) 

Asian  -8.0 (-26 to 9.9) 
Black  -3.1 (-8.5 to 0.2) 

Hispanic -4.4 (-11 to 2.6) 
Other race or ethnicity  -1.4 (-7.5 to 4.8) 

Notes: Author’s calculation using VA data from 2011-2018. Linear probability model of time to 
PE testing (D-dimer and/or CT scan with contrast) in minutes as a function of visit reason  
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Table 3.3 (continued): Time to PE Testing Among Those Tested for Patients with a Visit reason 
that Mentions Versus Does Not Mention Congestive Heart Failure, 2011-2018 

mentioning CHF was performed; physician fixed effects were included to compare differences in 
testing within the same physician, controlling also for the other covariates listed above (year, 
month, and weekend were also controlled for, but the coefficients on these variables are not 
reported). Standard errors were clustered at the hospital level. 95% confidence interval in 
parentheses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



64 
 

Table 3.4: B-type Natriuretic Peptide Testing for Patients with a Visit reason that Mentions 
Versus Does Not Mention Congestive Heart Failure, 2011-2018 

Variable Coefficient 
Visit reason mentions CHF 6.9 (4.3 to 9.4) 
Duration of CHF  

0-2 years (reference) 
2-5 years 3.0 (2.1 to 4.0) 
5+ years 4.1 (3.3 to 4.9) 

Number of inpatient 
admissions for CHF 

 

0 admissions (reference) 
1 admission 9.8 (8.7 to 10.9) 

2 admissions 11.7 (10.1 to 13.4) 
3+ admissions 12.9 (11.1 to 14.8) 

Malignancy within 6 months  -2.3 (-3.2 to -1.4) 
Past deep venous thrombosis 
or pulmonary embolism  

-1.3 (-2.6 to 0.06) 

Surgery within 4 weeks  -2.4 (-4.1 to -0.8) 
Heart rate>100  0.6 (-0.2 to 1.3) 
Oxygen saturation<90%  6.4 (5.4 to 7.5) 
Ischemic heart disease 4.0 (3.0 to 5.0) 
Chronic Obstructive 
Pulmonary Disease 

-6.6 (-7.6 to -5.6) 

DNR/DNI -2.2 (-3.4 to -0.9) 
Age (years)  

30-49  (reference) 
50-59  0.7 (-1.6 to 2.9) 
60-69  1.2 (-1.0 to 3.4) 
70-79  2.8 (0.6 to 5.0) 
80-89  5.0 (2.7 to 7.2) 

90+  5.1 (2.6 to 7.6) 
Female -4.7 (-6.8 to -2.6) 
Race  

White  (reference) 
American Indian or Alaska 

Native  
-3.6 (-6.2 to -1.0) 

Asian  1.1 (-1.3 to 3.5) 
Black  -0.4 (-1.1 to 0.3) 

Hispanic -0.1 (-1.7 to 1.4) 
Other race or ethnicity  -2.4 (-5.3 to 0.5) 

Notes: Author’s calculation using VA data from 2011-2018. Linear probability model of BNP 
testing as a function of visit reason mentioning CHF were performed; physician fixed effects was  
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Table 3.4 (continued): B-type Natriuretic Peptide Testing for Patients with a Visit reason that 
Mentions Versus Does Not Mention Congestive Heart Failure, 2011-2018 

included to compare differences in testing within the same physician, controlling also for the 
other covariates listed above (year, month, and weekend were also controlled for, but the 
coefficients on these variables are not reported). Standard errors were clustered at the hospital 
level. 95% confidence interval in parentheses. 
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percentage point difference [95% CI -0.2 to 0.4]) (Table 3.5). Those with longer duration of CHF 

and more inpatient admission for CHF in the past year were less likely to be subsequently 

diagnosed with an acute PE. For example, those with CHF for 5 or more years were 0.3 

percentage points (95% CI -0.4 to -0.1) less likely to have a subsequently diagnosed acute PE, 

while those with 3 or more inpatient admissions for CHF were 0.4 percentage points (95% CI -

0.7 to -0.2) less likely to have a subsequently diagnosed acute PE. The presence of each 

observable clinical factor in the Wells’ score was associated with greater rates of subsequent 

acute PE diagnosis. For example, those with tachycardia were 0.7 percentage points (95% CI 0.5 

to 0.8) more likely to have a subsequent acute PE diagnosis. Low recorded oxygen saturation 

was also associated with greater rates of subsequent acute PE diagnosis, while having ischemic 

heart disease and having COPD were associated with lower rates of subsequent acute PE 

diagnosis. We failed to find an association between DNR/DNI status and subsequent acute PE 

diagnosis.  

 

Discussion 

Using a national sample of over 100,000 VA patients with CHF who presented to the ED 

for SOB, this study found that while a visit reason entered in the EHR specifically mentioning 

CHF was not associated with a lower rate of subsequent acute PE diagnosis, such a visit reason 

was associated with a decrease in PE testing, a longer time to PE testing for those tested, and an 

increase in BNP testing. These results may be consistent with physicians anchoring on mentions 

of specific diagnoses in the visit reason.  

ED visit reasons mentioning CHF among patients with CHF do not appear at random. 

Patients with such visit reasons had greater CHF severity and a lower likelihood of known PE  
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Table 3.5: Subsequent Diagnosis of Acute Pulmonary Embolism for Patients with a Visit reason 
that Mentions Versus Does Not Mention Congestive Heart Failure, 2011-2018 

Variable Coefficient 
Visit reason mentions CHF 0.06 (-0.2 to 0.4) 
Duration of CHF  

0-2 years (reference) 
2-5 years -0.3 (-0.5 to -0.2) 
5+ years -0.3 (-0.4 to -0.1) 

Number of inpatient 
admissions for CHF 

 

0 admissions (reference) 
1 admission -0.2 (-0.3 to -0.008) 

2 admissions -0.5 (-0.8 to -0.3) 
3+ admissions -0.4 (-0.7 to -0.2) 

Malignancy within 6 months  0.7 (0.5 to 0.9) 
Past deep venous thrombosis 
or pulmonary embolism  

0.6 (0.3 to 0.9) 

Surgery within 4 weeks  0.9 (0.3 to 1.4) 
Heart rate>100  0.7 (0.5 to 0.8) 
Oxygen saturation<90%  0.6 (0.3 to 0.8) 
Ischemic heart disease -0.3 (-0.5 to -0.1) 
Chronic Obstructive 
Pulmonary Disease 

-0.2 (-0.4 to -0.02) 

DNR/DNI 0.1 (-0.08 to 0.3) 
Age (years)  

30-49  (reference) 
50-59  0.7 (0.3 to 1.1) 
60-69  0.6 (0.3 to 1.0) 
70-79  0.8 (0.4 to 1.2) 
80-89  0.8 (0.4 to 1.2) 

90+  0.8 (0.3 to 1.2) 
Female -0.3 (-0.6 to -0.1) 
Race  

White  (reference) 
American Indian or Alaska 

Native  
-0.1 (-0.8 to 0.6) 

Asian  -0.08 (-0.8 to 0.6) 
Black  -0.2 (-0.03 to 0.3) 

Hispanic -0.4 (-0.7 to -0.08) 
Other race or ethnicity  -0.04 (-0.4 to 0.4) 

Notes: Author’s calculation using VA data from 2011-2018. Linear probability model of 
subsequent diagnosis of acute pulmonary embolism (within 30 days) as a function of visit reason  
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Table 3.5 (continued): Subsequent Diagnosis of Acute Pulmonary Embolism for Patients with a 
Visit reason that Mentions Versus Does Not Mention Congestive Heart Failure, 2011-2018 

mentioning CHF was performed; physician fixed effects were included to compare differences in 
testing within the same physician, controlling also for the other covariates listed above (year, 
month, and weekend were also controlled for, but the coefficients on these variables are not 
reported). Standard errors were clustered at the hospital level. 95% confidence interval in 
parentheses. 
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risk factors observable in our data. However, both before and after controlling for these and other 

observable differences, such visit reasons did not appear to contain additional information about 

PE incidence. That is, the risk of PE appeared to be the same between visits in which the patient 

visit reason mentioned CHF and visits in which the visit reason was more general, but there were 

substantial differences in testing between both types of visits. 

There are several possible interpretations to our findings. One possibility is that when the 

nurse or administrator entering the patient visit reason mentions CHF, physicians anchor on the 

specific mention of CHF. A second possibility is that patients whose visit reason mentions CHF 

are more likely to hypothesize both to the person entering the visit reason into the EHR and to 

the ED physician caring for them that they are having an exacerbation of their disease, and 

physicians are anchoring on this self-report, not on the visit reason itself. We cannot exclude this 

possibility given our lack of access to clinical conversations or the clinical note, but as noted 

above, if the patient visit reason is instead a proxy for this patient self-report, it does not appear 

to be associated with differential PE incidence.  

Prior studies that have examined the influence of cognitive biases using large databases 

have found evidence consistent with the availability heuristic after adverse events,7,8,9,10 some 

have found evidence consistent with left-digit bias,11,12 and some have found that time pressure 

may influence physician decision-making.19,20 Our study is the first that we know of using large, 

clinically-rich data to examine cognitive biases in complex testing decisions and in particular 

using such data to study the anchoring heuristic. 

This study has several limitations. First, the data do not have the actual cognitive 

processes of physicians when evaluating patients, so we can only provide evidence consistent 

with certain cognitive biases—evidence that instead may be consistent with other explanations, 
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such as the ones discussed above, or with other biases. Second, we could not fully capture the 

clinically complexity of each case; particularly, what was conveyed during the history and 

physical. However, our use of EHR data represents an improvement on prior data used, allowing 

us to include clinical data such as vital signs that physicians use when evaluating patients; for 

example, we show that tachycardia and low oxygen saturation are associated with PE testing. 

Third, the vast majority of the VA patient population is male. Therefore, our results are specific 

to the VA and may not generalize to non-VA physicians treating non-VA patient populations. 

Fourth, we focus on a single clinical case in relation to anchoring, so our results may not extend 

to other clinical scenarios. 

In conclusion, we find that physicians were less likely to test for PE in patients with CHF 

who presented to the ED with SOB when the entered reason for visit specifically mentioned 

CHF. These results are consistent with physicians anchoring on diagnoses mentioned in the visit 

reason. Our results argue for specific diagnoses not to be included in the visit reason presented to 

ED physicians. They also argue for trainees (medical students and residents) and more senior 

physicians to consider broader signs and symptoms rather than starting from specific diagnoses 

when evaluating, assessing, and presenting patient problems. 
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Limitations and Future Directions 
There are several avenues for future work given what I currently do not do in this 

dissertation. First, I examine whether heuristics and other situational factors play a role in 

decision-making across physicians in my sample; I focus much less on heterogeneity in 

responses. I suspect such heterogeneity exists but is not much correlated with physician 

observables like medical training, but I can formally test this.  

Second, although I allude to the possibility, I do not formally examine whether my results 

are consistent with undertesting or overtesting. I cannot do this in my study on availability 

(Chapter 1) because the pre-period mechanically does not include patients diagnosed with PE in 

the ED. I am not able to do this in my study on patients with dementia (Chapter 2) because 

patients with dementia are on average more likely to die after an ED visit, so they may die 

because of an undiagnosed PE or may die because of another reason; I cannot distinguish 

between the two (this would require an autopsy). I am not able to do this in my study on 

anchoring (Chapter 3), because, as it is limited to patients with congestive heart failure, the 

sample is much smaller, reducing my power to detect a statistically significant difference, for 

instance, between the two groups I examine in rates of PE subsequently diagnosed in the 

untested. Undertesting versus overtesting is an important distinction which I hope to be able to 

evaluate in future work. 

Third, I hope to ask two related questions. First, are there particular physicians who 

especially drive my results for each heuristic, or are most physicians somewhat susceptible to 

these heuristics. Second, is susceptibility to heuristics correlated across heuristics; that is, for 

example, are particular physicians susceptible to both anchoring and availability?  
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Fourth, does time pressure influence susceptibility to heuristics? Time pressure can be 

proxied by such things as census size and number of days worked. 
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Appendix 1 
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Appendix Table 1.1: Wells’ Criteria for Pulmonary Embolism 

Clinical Factor Points 
Clinical signs and symptoms of deep venous 

thrombosis 
3 

Pulmonary embolism is #1 or equally likely 3 
Heart rate>100 1.5 

Immobilization at least 3 days or surgery in 
the previous 4 weeks 

1.5 

Previous, objectively diagnosed pulmonary 
embolism or deep venous thrombosis 

1.5 

Hemoptysis 1 
Malignancy with treatment within 6 months 

or palliative 
1 
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Appendix Table 1.2: Testing for Pulmonary Embolism in Subsequent Patients after a Diagnosis 
of Pulmonary Embolism, 2011-2018 

Variable Coefficient 
-60 to -51 days -0.0012 (-0.0104 to 0.0079) 
-50 to -41 days -0.0048 (-0.0132 to 0.0035) 
-40 to -31 days 0.0045 (-0.0046 to 0.0136) 
-30 to -21 days -0.0024 (-0.0107 to 0.0059) 
-20 to -11 days -0.00007 (-0.0098 to 0.0097) 

-10 to 0 days (reference) 
0-10 days 0.0138 (0.0042 to 0.0234) 

11-20 days 0.0078 (-0.0029 to 0.0184) 
21-30 days 0.0088 (-0.00005 to 0.01775) 
31-40 days 0.0060 (-0.0036 to 0.0155) 
41-50 days 0.0050 (-0.0039 to 0.0139) 
51-60 days 0.0049 (-0.0049 to 0.0148) 

Age (years)  
21-30  (reference) 
31-45  0.0078 (0.0031 to 0.0125) 
46-60  0.0196 (0.0135 to 0.0256) 
61-75  0.0264 (0.0205 to 0.0323) 
76-90  0.0226 (0.0153 to 0.0300) 

91+  0.0017 (-0.0063 to 0.0098) 
Female 0.0046 (0.0013 to 0.0080) 
Race  

American Indian or Alaska 
Native  

-0.0059 (-0.0165 to 0.0047) 

Asian  -0.0090 (-0.0164 to 0.0017) 
Black  -0.0162 (-0.0201 to 0.0123) 

Hispanic -0.0117 (-0.0168 to 0.0065) 
Other race or ethnicity   0.0043 (-0.0012 to 0.0097) 

White  (reference) 
Malignancy within 6 months  0.0281 (0.0235 to 0.0327) 
Past deep venous thrombosis 
or pulmonary embolism  

0.0382 (0.0307 to 0.0456) 

Surgery within 4 weeks  0.0344 (0.0196 to 0.0493) 
Heart rate >100  0.0442 (0.0398 to 0.0487) 
Oxygen saturation<90%  0.0702 (0.0616 to 0.0788) 
Ischemic heart disease 0.0064 (0.0039 to 0.0088) 
Congestive heart failure  -0.0056 (-0.0102 to -0.0011) 
Chronic obstructive pulmonary 
disease  

-0.0037 (-0.0081 to 0.0006) 

DNR/DNI -0.0096 (-0.0144 to -0.0047) 
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Appendix Table 1.2 (continued): Testing for Pulmonary Embolism in Subsequent Patients after a 
Diagnosis of Pulmonary Embolism, 2011-2018 

Notes: Author’s calculation using VA data from 2011-2018. Linear probability models of testing 
(D-dimer and/or CT scan with contrast) as a function of time relative to a diagnosis of pulmonary 
embolism were performed; physician fixed effects were included to compare differences in 
testing within the same physician, controlling also for the other covariates listed above (year, 
month, and weekend were also controlled for, but the coefficients on these variables are not 
reported). Standard errors were clustered at the hospital level. 95% confidence interval in 
parentheses. 
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Appendix Table 1.3: Difference-in-Differences Results for Change in Testing for Pulmonary 
Embolism in Subsequent Patients after a Diagnosis of Pulmonary Embolism 

Variable Coefficient 
Overall PE testing (D-dimer and CT scan) in first 8 hours 

Recent pulmonary embolism 
diagnosis within 60 days 0.0087 (0.0047 to 0.0128) 

Overall PE testing (D-dimer and CT scan)—no restriction 
Recent pulmonary embolism 

diagnosis within 60 days 0.0089 (0.0049 to 0.0130) 
D-dimer 

Recent pulmonary embolism 
diagnosis within 60 days 0.0077 (0.0040 to 0.0115) 

CT scan 
Recent pulmonary embolism 

diagnosis within 60 days 0.0033 (0.0002 to 0.0066) 
TSH 

Recent pulmonary embolism 
diagnosis within 60 days 0.0004 (-0.0017 to 0.0024) 

Hand x-ray 
Recent pulmonary embolism 

diagnosis within 60 days 0.0003 (-0.0004 to 0.0009) 
Note: Author’s calculation using VA data from 2011-2018. Linear probability models of testing 
as a function of a binary variable for diagnosis of pulmonary embolism within 60 days were 
performed; physician fixed effects were included to compare differences in testing within the 
same physician, controlling also 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, heart rate>100, oxygen saturation<90%, ischemic heart disease, congestive heart failure, 
and chronic obstructive pulmonary disease, DNR/DNI status, year fixed effects, month fixed 
effects, and weekend fixed effects. Standard errors were clustered at the hospital level. 95% 
confidence interval in parentheses. 
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Appendix Figure 1.1: Change in Testing for Pulmonary Embolism in Subsequent Patients after a 
Diagnosis of Pulmonary Embolism (Not Limited to First 8 Hours in the Emergency Department), 
2011-2018 

 

Note: Author’s calculation using VA data from 2011-2018. The bands are 95 percent confidence 
intervals. Testing refers to D-dimer test or CT scan of the chest with contrast performed by 
patient departure. Estimates are from a 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, heart rate>100, oxygen saturation<90%, ischemic 
heart disease, congestive heart failure, and chronic obstructive pulmonary disease, and DNR/DNI 
status. Standard errors were clustered at the hospital level. 
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Appendix Figure 1.2: Change in Testing for Pulmonary Embolism in Subsequent Patients after a 
Diagnosis of Pulmonary Embolism (Excluding Physicians who Did Not Diagnosis Pulmonary 
Embolism during the Examined Time Period), 2011-2018 

 

Note: Author’s calculation using VA data from 2011-2018. 95 percent confidence intervals. 
Testing refers to D-dimer test or CT scan of the chest with contrast performed within the first 8 
hours of patient arrival. Estimates are from a 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, heart rate>100, oxygen saturation<90%, ischemic 
heart disease, congestive heart failure, and chronic obstructive pulmonary disease, and DNR/DNI 
status. Standard errors were clustered at the hospital level. 
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Appendix Figure 1.3: Change in Testing for Pulmonary Embolism in Subsequent Patients after a 
Diagnosis of Pulmonary Embolism by Type of Test, 2011-2018 

Panel A: D-dimer test 

 

Panel B: CT scan of the chest with contrast 

 

Note: Author’s calculation using VA data from 2011-2018. 95 percent confidence intervals. 
Testing refers to each respective test performed within the first 8 hours of patient arrival. 
Estimates are from a 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, heart rate>100, oxygen saturation<90%, ischemic heart disease, congestive  
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Appendix Figure 1.3 (continued): Change in Testing for Pulmonary Embolism in Subsequent 
Patients after a Diagnosis of Pulmonary Embolism by Type of Test, 2011-2018 

heart failure, and chronic obstructive pulmonary disease, and DNR/DNI status. Standard errors 
were clustered at the hospital level. 
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Appendix Figure 1.4: Change in Composition of Patients in Subsequent Patients after a 
Diagnosis of Pulmonary Embolism, 2011-2018 

Panel A: Age>75 

 

Panel B: Female 

 

Panel B: White non-Hispanic 
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Appendix Figure 1.4 (continued): Change in Composition of Patients in Subsequent Patients 
after a Diagnosis of Pulmonary Embolism, 2011-2018 

 

 

Note: Author’s calculation using VA data from 2011-2018. The bands are 95 percent confidence 
intervals. Estimates are from a regression that includes physician fixed effects, year fixed effects, 
month fixed effects, and weekend fixed effects. Standard errors were clustered at the hospital 
level. 
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Appendix Table 1.4: Differences by Physician Age in Change in Testing for Pulmonary 
Embolism in Subsequent Patients after a Diagnosis of Pulmonary Embolism 

Variable Coefficient 
50 and over 

Recent pulmonary embolism 
diagnosis within 60 days 0.0079 (0.0032 to 0.0127) 

Recent pulmonary embolism 
diagnosis x physician 50 and 

over (versus under 50) 0.0017 (-0.0066 to 0.0100) 
45 and over 

Recent pulmonary embolism 
diagnosis within 60 days 0.0079 (0.0023 to 0.0136) 

Recent pulmonary embolism 
diagnosis x physician 45 and 

over (versus under 45) 0.0013 (-0.0072 to 0.0099) 
Note: Author’s calculation using VA data from 2011-2018. Linear probability models of testing 
(D-dimer and/or CT scan with contrast) as a function of a binary variable for diagnosis of 
pulmonary embolism within 60 days and the interaction of this binary variable with the binary 
variable of being a physician 50 and over or 45 and over were performed; physician fixed effects 
were included to compare differences in testing within the same physician, controlling also 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, heart rate>100, oxygen 
saturation<90%, ischemic heart disease, congestive heart failure, and chronic obstructive 
pulmonary disease, DNR/DNI status, year fixed effects, month fixed effects, and weekend fixed 
effects. Standard errors were clustered at the hospital level. 95% confidence interval in 
parentheses. 
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Appendix 2 
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Appendix Table 2.1: Wells’ Criteria for Pulmonary Embolism 

Clinical Factor Points 
Clinical signs and symptoms of deep venous 

thrombosis 
3 

Pulmonary embolism is #1 or equally likely 3 
Heart rate>100 1.5 

Immobilization at least 3 days or surgery in 
the previous 4 weeks 

1.5 

Previous, objectively diagnosed pulmonary 
embolism or deep venous thrombosis 

1.5 

Hemoptysis 1 
Malignancy with treatment within 6 months 

or palliative 
1 
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Appendix Table 2.2: Testing for Pulmonary Embolism by Wells’ Score and by Clinical Factors, 
2011-2018 

 By Wells’ Score By Clinical Factors 
Wells’ score (points)   

0  (reference) - 
1  3.0 (2.6 to 3.4) - 

1.5  4.5 (4.1 to 4.9) - 
2.5  8.5 (7.8 to 9.2) - 
3+  10.6 (9.8 to 11.4) - 

Malignancy within 6 months  - 3.3 (3.0 to 3.7) 
Past deep venous thrombosis 
or pulmonary embolism  

- 4.3 (3.6 to 4.9) 

Surgery within 4 weeks  - 3.5 (2.3 to 4.6) 
Heart rate >100  - 5.1 (4.7 to 5.5) 
Oxygen saturation<90%  7.0 (6.2 to 7.8) 6.9 (6.2 to 7.7) 
Ischemic heart disease 0.4 (0.2 to 0.6) 0.5 (0.2 to 0.6) 
Congestive heart failure  -0.8 (-1.2 to -0.4) -0.8 (-1.2 to -0.4) 
Chronic obstructive 
pulmonary disease  

-0.8 (-1.2 to -0.4) -0.8 (-1.2 to -0.4) 

DNR/DNI -0.7 (-1.2 to -0.2) -0.7 (-1.2 to -0.2) 
Age (years)   

40-49  (reference) (reference) 
50-59  1.1 (0.8 to 1.5) 1.1 (0.8 to 1.5) 
60-69  1.7 (1.3 to 2.1) 1.7 (1.3 to 2.1) 
70-79  1.5 (1.1 to 2.0) 1.6 (1.1 to 2.0) 
80-89  0.7 (0.1 to 1.3) 0.8 (0.2 to 1.3) 

90+  -0.9 (-1.6 to -0.08) -0.8 (-1.6 to -0.06) 
Female 0.3 (-0.03 to 0.6) 0.3 (-0.03 to 0.6) 
Race   

American Indian or Alaska 
Native  

-0.8 (-1.8 to 0.2) -0.8 (-1.8 to 0.2) 

Asian  -1.1 (-1.8 to -0.4) -1.1 (-1.8 to -0.4) 
Black  -1.9 (-2.2 to -1.6) -1.9 (-2.2 to -1.6) 

Hispanic -1.6 (-2.0 to -1.2) -1.6 (-2.0 to -1.2) 
Other race or ethnicity  0.07 (-0.5 to 0.7) 0.06 (-0.5 to 0.7) 

White  (reference) (reference) 
Notes: Author’s calculation using VA data from 2011-2018. For the Wells’ score, malignancy 
within 6 months was given 1 point, past deep venous thrombosis or pulmonary embolism was 
given 1.5 points, surgery within 4 weeks was given 1.5 points, and heart rate >100 was given 1.5 
points. Linear probability models of testing (D-dimer and/or CT scan with contrast) as a function 
of Wells’ score or clinical factors in the Wells’ score were performed; physician fixed effects  
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Appendix Table 2.2 (continued): Testing for Pulmonary Embolism by Wells’ Score and by 
Clinical Factors, 2011-2018 

were included to compare differences in testing within the same physician, controlling also for 
the other covariates listed above (year, month, and weekend were also controlled for, but the 
coefficients on these variables are not reported). Standard errors were clustered at the hospital 
level. 95% confidence interval in parentheses. 
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Appendix Table 2.3: Testing for Pulmonary Embolism for Patients with versus without 
Dementia, 2011-2018 

 By Wells’ Score By Clinical Factors 
Wells’ score (points)   

0  (reference) - 
1  3.0 (2.6 to 3.4) - 

1.5  4.6 (4.2 to 5.0) - 
2.5  8.7 (8.0 to 9.4) - 
3+  10.9 (10.1 to 11.8) - 

Malignancy within 6 months  - 3.4 (3.0 to 3.8) 
Past deep venous thrombosis 
or pulmonary embolism  

- 4.5 (3.8 to 5.2) 

Surgery within 4 weeks  - 3.5 (2.3 to 4.7) 
Heart rate >100  - 5.2 (4.8 to 5.6) 
Dementia -0.8 (-1.2 to -0.4) -0.8 (-1.2 to -0.4) 
Dementia x Wells’ score of 1 -1.2 (-2.3 to -0.08) - 

Dementia x Wells’ score of 
1.5 

-2.5 (-3.4 to -1.6) - 

Dementia x Wells’ score of 
2.5 

-4.1 (-5.7 to -2.5) - 

Dementia x Wells’ score of 
3+ 

-5.4 (-7.9 to -2.9) - 

Dementia x malignancy - -1.4 (-2.4 to -0.4) 
Dementia x past DVT/PE - -2.4 (-3.6 to -1.3) 

Dementia x recent surgery - -1.3 (-3.9 to 1.3) 
Dementia x high heart rate - -2.6 (-3.5 to -1.6) 

Notes: Author’s calculation using VA data from 2011-2018. For the Wells’ score, malignancy 
within 6 months was given 1 point, past deep venous thrombosis or pulmonary embolism was 
given 1.5 points, surgery within 4 weeks was given 1.5 points, and heart rate >100 was given 1.5 
points. Linear probability models of testing (D-dimer and/or CT scan with contrast) as a function 
of Wells’ score or clinical factors in the Wells’ score, dementia, and the Wells’ score or clinical 
factors interacted with dementia were performed; physician fixed effects were included to 
compare differences in testing within the same physician, controlling also for oxygen saturation 
below 90, past history of ischemic heart disease, past history of congestive heart failure, past 
history of chronic obstructive pulmonary disease, DNR/DNI, age, female, race and ethnicity, 
year, month, and weekend. Standard errors were clustered at the hospital level. 95% confidence 
interval in parentheses. 
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Appendix Table 2.4: Testing for Pulmonary Embolism for Patients with versus without 
Dementia (Not Limited to First 8 Hours in the Emergency Department), 2011-2018 

 By Wells’ Score By Clinical Factors 
Wells’ score (points)   

0  (reference) - 
1  3.1 (2.7 to 3.5) - 

1.5  4.7 (4.2 to 5.1) - 
2.5  8.7 (8.0 to 9.5) - 
3+  10.9 (10.1 to 11.8) - 

Malignancy within 6 months  - 3.4 (3.0 to 3.8) 
Past deep venous thrombosis 
or pulmonary embolism  

- 4.5 (3.9 to 5.2) 

Surgery within 4 weeks  - 3.5 (2.3 to 4.7) 
Heart rate >100  - 5.2 (4.8 to 5.6) 
Dementia -0.8 (-1.2 to -0.4) -0.8 (-1.2 to -0.4) 
Dementia x Wells’ score of 1 -1.2 (-2.3 to -0.07) - 

Dementia x Wells’ score of 
1.5 

-2.5 (-3.3 to -1.6) - 

Dementia x Wells’ score of 
2.5 

-4.1 (-5.7 to -2.6) - 

Dementia x Wells’ score of 
3+ 

-5.4 (-7.9 to -2.9) - 

Dementia x malignancy - -1.4 (-2.4 to -0.4) 
Dementia x past DVT/PE - -2.5 (-3.6 to -1.3) 

Dementia x recent surgery - -1.3 (-4.0 to 1.3) 
Dementia x high heart rate - -2.5 (-3.4 to -1.6) 

Notes: Author’s calculation using VA data from 2011-2018. For the Wells’ score, malignancy 
within 6 months was given 1 point, past deep venous thrombosis or pulmonary embolism was 
given 1.5 points, surgery within 4 weeks was given 1.5 points, and heart rate >100 was given 1.5 
points. Linear probability models of testing (D-dimer and/or CT scan with contrast) as a function 
of Wells’ score or clinical factors in the Wells’ score, dementia, and the Wells’ score or clinical 
factors interacted with dementia were performed; physician fixed effects were included to 
compare differences in testing within the same physician, controlling also for oxygen saturation 
below 90, past history of ischemic heart disease, past history of congestive heart failure, past 
history of chronic obstructive pulmonary disease, DNR/DNI, age, female, race and ethnicity, 
year, month, and weekend. Standard errors were clustered at the hospital level. 95% confidence 
interval in parentheses. 
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Appendix Table 2.5: Testing for Pulmonary Embolism for Patients with versus without 
Dementia excluding Patients who are DNR/DNI, 2011-2018 

 By Wells’ Score By Clinical Factors 
Wells’ score (points)   

0  (reference) - 
1  3.0 (2.6 to 3.4) - 

1.5  4.7 (4.3 to 5.1) - 
2.5  8.9 (8.1 to 9.7) - 
3+  11.2 (10.2 to 12.2) - 

Malignancy within 6 months  - 3.4 (3.0 to 3.8) 
Past deep venous thrombosis 
or pulmonary embolism  

- 4.6 (3.9 to 5.4) 

Surgery within 4 weeks  - 3.5 (2.2 to 4.7) 
Heart rate >100  - 5.3 (4.9 to 5.7) 
Dementia -0.8 (-1.2 to -0.4) -0.8 (-1.2 to -0.4) 
Dementia x Wells’ score of 1 -0.6 (-1.8 to 0.6) - 

Dementia x Wells’ score of 
1.5 

-2.8 (-3.7 to -1.8) - 

Dementia x Wells’ score of 
2.5 

-3.9 (-5.6 to -2.2) - 

Dementia x Wells’ score of 
3+ 

-5.0 (-8.1 to -1.9) - 

Dementia x malignancy - -0.9 (-2.1 to 0.2) 
Dementia x past DVT/PE - -2.8 (-4.2 to -1.5) 

Dementia x recent surgery - -1.3 (-4.2 to 1.5) 
Dementia x high heart rate - -2.5 (-3.5 to -1.5) 

Notes: Author’s calculation using VA data from 2011-2018. For the Wells’ score, malignancy 
within 6 months was given 1 point, past deep venous thrombosis or pulmonary embolism was 
given 1.5 points, surgery within 4 weeks was given 1.5 points, and heart rate >100 was given 1.5 
points. Linear probability models of testing (D-dimer and/or CT scan with contrast) as a function 
of Wells’ score or clinical factors in the Wells’ score, dementia, and the Wells’ score or clinical 
factors interacted with dementia were performed; physician fixed effects were included to 
compare differences in testing within the same physician, controlling also for oxygen saturation 
below 90, past history of ischemic heart disease, past history of congestive heart failure, past 
history of chronic obstructive pulmonary disease, DNR/DNI, age, female, race and ethnicity, 
year, month, and weekend. Standard errors were clustered at the hospital level. 95% confidence 
interval in parentheses. 
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Appendix Table 2.6: Testing for Pulmonary Embolism for Patients with versus without 
Dementia using Different Age Cutoffs, 2011-2018 

 Age>=40 
(n=829,789) 

Age>=50 
(n=759,680) 

Age>=60 
(n=593,001) 

Wells’ score (points)    
0  (reference) (reference) (reference) 
1  3.0 (2.6 to 3.4) 3.0 (2.6 to 3.4) 2.9 (2.5 to 3.3) 

1.5  4.6 (4.2 to 5.0) 4.6 (4.2 to 5.1) 4.4 (4.0 to 4.8) 
2.5  8.7 (8.0 to 9.4) 8.7 (7.9 to 9.4) 8.4 (7.7 to 9.1) 
3+  10.9 (10.1 to 11.8) 10.8 (10.0 to 11.7) 10.4 (9.5 to 11.2) 

Dementia -0.8 (-1.2 to -0.4) -0.8 (-1.2 to -0.4) -0.9 (-1.2 to -0.5) 
Dementia x Wells’ score of 

1 
-1.2 (-2.3 to -0.08) -1.2 (-2.3 to -0.07) -1.1 (-2.2 to 0.05) 

Dementia x Wells’ score of 
1.5 

-2.5 (-3.4 to -1.6) -2.5 (-3.4 to -1.6) -2.2 (-3.1 to -1.3) 

Dementia x Wells’ score of 
2.5 

-4.1 (-5.7 to -2.5) -4.1 (-5.7 to -2.5) -3.7 (-5.3 to -2.1) 

Dementia x Wells’ score of 
3+ 

-5.4 (-7.9 to -2.9) -5.3 (-7.8 to -2.8) -4.8 (-7.3 to -2.3) 

Notes: Author’s calculation using VA data from 2011-2018. For the Wells’ score, malignancy 
within 6 months was given 1 point, past deep venous thrombosis or pulmonary embolism was 
given 1.5 points, surgery within 4 weeks was given 1.5 points, and heart rate >100 was given 1.5 
points. Linear probability models of testing (D-dimer and/or CT scan with contrast) as a function 
of Wells’ score, dementia, and the Wells’ score interacted with dementia were performed; 
physician fixed effects were included to compare differences in testing within the same 
physician, controlling also for oxygen saturation below 90, past history of ischemic heart disease, 
past history of congestive heart failure, past history of chronic obstructive pulmonary disease, 
DNR/DNI, age, female, race and ethnicity, year, month, and weekend. Standard errors were 
clustered at the hospital level. 95% confidence interval in parentheses. 
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Appendix Figure 2.1: Testing for Pulmonary Embolism for Patients by Duration of Dementia 
Diagnosis, 2011-2018 

 

Notes: Bars are 95 percent confidence intervals. Author’s calculation using VA data from 2011-
2018. For the Wells’ score, malignancy within 6 months was given 1 point, past deep venous 
thrombosis or pulmonary embolism was given 1.5 points, surgery within 4 weeks was given 1.5 
points, and heart rate >100 was given 1.5 points. Adjusted probabilities were calculated using 
marginal standardization from linear probability models of testing (D-dimer and/or CT scan with 
contrast) as a function of Wells’ score, duration of dementia, and the Wells’ score interacted with 
duration of dementia; physician fixed effects were included to compare differences in testing 
within the same physician, controlling also for oxygen saturation below 90, past history of 
ischemic heart disease, past history of congestive heart failure, past history of chronic obstructive 
pulmonary disease, DNR/DNI, age, female, race and ethnicity, year, month, and weekend. 
Standard errors were clustered at the hospital level.  
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Appendix Table 2.7: Subsequent Diagnosis of Acute Pulmonary Embolism for Patients with 
versus without Dementia by Wells’ Score and by Clinical Factors, 2011-2018 

 By Wells’ Score By Clinical Factors 
Wells’ score (points)   

0  (reference) - 
1  0.5 (0.4 to 0.6) - 

1.5  0.8 (0.8 to 0.9) - 
2.5  2.1 (1.9 to 2.4) - 
3+  2.8 (2.4 to 3.2) - 

Malignancy within 6 months  - 0.8 (0.7 to 0.9) 
Past deep venous thrombosis 
or pulmonary embolism  

- 1.0 (0.8 to 1.3) 

Surgery within 4 weeks  - 0.9 (0.6 to 1.1) 
Heart rate >100  - 1.0 (1.0 to 1.1) 
Dementia 0.02 (-0.1 to 0.1) 0.03 (-0.1 to 0.2) 
Dementia x Wells’ score of 1 -0.1 (-0.5 to 0.3) - 

Dementia x Wells’ score of 
1.5 

-0.2 (-0.5 to 0.2) - 

Dementia x Wells’ score of 
2.5 

-0.7 (-1.5 to 0.04) - 

Dementia x Wells’ score of 
3+ 

-0.01 (-1.6 to 1.6) - 

Dementia x malignancy - -0.2 (-0.6 to 0.1) 
Dementia x past DVT/PE - -0.6 (-1.2 to -0.1) 

Dementia x recent surgery - 1.5 (0.1 to 2.9) 
Dementia x high heart rate - -0.1 (-0.5 to 0.2) 

Notes: Author’s calculation using VA data from 2011-2018. For the Wells’ score, malignancy 
within 6 months was given 1 point, past deep venous thrombosis or pulmonary embolism was 
given 1.5 points, surgery within 4 weeks was given 1.5 points, and heart rate >100 was given 1.5 
points. Linear probability models of subsequent diagnosis of acute pulmonary embolism (within 
30 days) as a function of Wells’ score or clinical factors in the Wells’ score, dementia, and the 
Wells’ score or clinical factors interacted with dementia were performed; physician fixed effects 
were included to compare differences in testing within the same physician, controlling also for 
oxygen saturation below 90, past history of ischemic heart disease, past history of congestive 
heart failure, past history of chronic obstructive pulmonary disease, DNR/DNI, age, female, race 
and ethnicity, year, month, and weekend. Standard errors were clustered at the hospital level. 
95% confidence interval in parentheses. 
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Appendix Figure 2.2: Subsequent Diagnosis of Acute Pulmonary Embolism or Death for Patients 
with versus without Dementia by Wells’ Score, 2011-2018 

 

Notes: Bars are 95 percent confidence intervals. Author’s calculation using VA data from 2011-
2018. For the Wells’ score, malignancy within 6 months was given 1 point, past deep venous 
thrombosis or pulmonary embolism was given 1.5 points, surgery within 4 weeks was given 1.5 
points, and heart rate >100 was given 1.5 points. Adjusted probabilities were calculated using 
marginal standardization from linear probability models of subsequent diagnosis of acute 
pulmonary embolism or death (within 30 days) as a function of Wells’ score; physician fixed 
effects were included to compare differences in testing within the same physician, controlling 
also for oxygen saturation below 90, past history of ischemic heart disease, past history of 
congestive heart failure, past history of chronic obstructive pulmonary disease, DNR/DNI, age, 
female, race and ethnicity, year, month, and weekend. Standard errors were clustered at the 
hospital level. 
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Appendix 3 
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Appendix Table 3.1: Wells’ Criteria for Pulmonary Embolism 

Clinical Factor Points 
Clinical signs and symptoms of deep venous 

thrombosis 
3 

Pulmonary embolism is #1 or equally likely 3 
Heart rate>100 1.5 

Immobilization at least 3 days or surgery in 
the previous 4 weeks 

1.5 

Previous, objectively diagnosed pulmonary 
embolism or deep venous thrombosis 

1.5 

Hemoptysis 1 
Malignancy with treatment within 6 months 

or palliative 
1 
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Appendix Table 3.2: PE Testing (D-dimer and/or CT scan with contrast) for Patients with a Visit 
reason that Mentions Versus Does Not Congestive Heart Failure (Not Limited to First 8 Hours in 
the Emergency Department), 2011-2018 

Variable Coefficient 
Visit reason mentions CHF -5.0 (-6.0 to -4.0) 
Duration of CHF  

0-2 years (reference) 
2-5 years -1.2 (-1.7 to -0.7) 
5+ years -1.5 (-2.0 to -0.9) 

Number of inpatient 
admissions for CHF 

 

0 admissions (reference) 
1 admission -2.0 (-2.5 to -1.4) 

2 admissions -3.3 (-4.1 to -2.4) 
3+ admissions -4.4 (-5.4 to -3.4) 

Malignancy within 6 months  2.5 (1.9 to 3.1) 
Past deep venous thrombosis 
or pulmonary embolism  

2.3 (1.6 to 3.0) 

Surgery within 4 weeks  2.7 (1.5 to 3.9) 
Heart rate>100  3.2 (2.7 to 3.8) 
Oxygen saturation<90%  2.0 (1.3 to 2.7) 
Ischemic heart disease -0.5 (-0.9 to -0.06) 
Chronic Obstructive 
Pulmonary Disease 

-1.7 (-2.2 to -1.1) 

DNR/DNI -1.1 (-1.6 to -0.6) 
Age (years)  

30-49  (reference) 
50-59  -0.9 (-2.8 to 1.0) 
60-69  -1.7 (-3.3 to -0.06) 
70-79  -2.3 (-4.1 to -0.5) 
80-89  -3.3 (-5.0 to -1.6) 

90+  -5.2 (-6.9 to -3.4) 
Female 2.2 (0.7 to 3.7) 
Race  

White  (reference) 
American Indian or Alaska 

Native  
0.7 (-1.6 to 2.9) 

Asian  0.3 (-2.2 to 2.7) 
Black  -1.3 (-1.8 to -0.7) 

Hispanic -1.5 (-2.5 to -0.5) 
Other race or ethnicity  0.3 (-0.8 to 1.4) 
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Appendix Table 3.2 (continued): PE Testing (D-dimer and/or CT scan with contrast) for Patients 
with a Visit reason that Mentions Versus Does Not Congestive Heart Failure (Not Limited to 
First 8 Hours in the Emergency Department), 2011-2018 

Notes: Author’s calculation using VA data from 2011-2018. Linear probability model of PE 
testing (D-dimer and/or CT scan with contrast) as a function of visit reason mentioning CHF was 
performed; physician fixed effects were included to compare differences in testing within the 
same physician, controlling also for the other covariates listed above (year, month, and weekend 
were also controlled for, but the coefficients on these variables are not reported). Standard errors 
were clustered at the hospital level. 95% confidence interval in parentheses. 

 

 

 

 

 


