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Abstract

Objective: To derive and validate a D-dimer cutoff for ruling out pulmonary embolism (PE) in COVID-19 patients presenting to
the emergency department (ED).

Methods: A retrospective cohort study was performed in an integrated healthcare system including 22 adult ED’s between
March 1, 2020, and January 31, 2021. Results were validated among patients enrolled in the RECOVER Registry, representing
data from 154 ED’s from 26 US states. Consecutive ED patients with laboratory confirmed COVID-19, a D-dimer performed
within 48 h of ED arrival, and with objectively confirmed PE were compared to those without PE. After identifying a D-dimer
threshold at which the 95% confidence lower bound of the negative predictive value for PE was higher than 98% in the derivation
cohort, it was validated using RECOVER registry data.

Results: Among 3978 patients with a D-dimer result, 3583 with confirmed COVID-19 infection were included in the derivation
cohort. Overall, PE incidence was 4.1% and a D-dimer cutoff of <2 p/mL (2000 ng/mL) was associated with a NPV of 98.5% (95%
Cl=98.0%—98.9%). In the validation cohort of 13,091 patients with a D-dimer, 7748 had confirmed COVID-19 infection, and
the PE incidence was |.14%. A D-dimer cutoff of <2 p/mL was associated with a NPV of 99.5% (95% Cl=99.3%—99.7%).
Conclusion: A D-dimer cutoff of <2 u/ml was associated with a high negative predictive value for PE among patients with
COVID-19. However, the resultant sensitivity for PE result at that threshold without pre-test probability assessment would
be considered clinically unsafe.
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Introduction

The SARS-CoV-2 virus discovered in Wuhan, China in
December 2019 has since spread across the globe, infecting
more than 146 million people and leading to more than 3.8
million COVID-19 deaths worldwide.'* Severe COVID-19 has
been associated with an increased risk of venous thromboembo-
lism (VTE),*® but the symptoms of pulmonary embolism super-
imposed on this infection may be difficult to distinguish from the
symptoms of the primary viral pneumonia. Pulmonary embolism
(PE) is therefore a common concern for patients presenting to the
emergency department (ED) with COVID-19.

D-dimer is among the inflammatory markers that are ele-
vated in the setting of COVID-19 infection,”~® and is associated
with an increased risk for venous thromboembolic (VTE)
disease.'®"'® Unfortunately, increases in the D-dimer associated
with the infection itself impede the usual application of this sen-
sitive VTE marker as part of pre-test probability pathways
designed to rule out VTE and avoid unnecessary radiation,
intravenous contrast exposure, and costs associated with diag-
nostic imaging.>'*>° Since application of the conventional
D-dimer thresholds produces a high false positive rate, we
hypothesized that an alternative D-dimer threshold could be
derived and validated to safely refute PE among ED patients
with acute COVID-19 infection with negative predictive
value similar to threshold values widely accepted for applica-
tion in non-COVID-19 patients.

Methods

We performed a derivation and validation study to report the
operating characteristics of the serum d-dimer for patients
found to have radiographically confirmed pulmonary embo-
lism. D-dimer values are reported as fibrinogen equivalent
units in both the derivation and validation centers. The
Stago STA-LIATEST®™® D-DI assay was used for all tests
in the derivation cohort. The specific D-dimer assay is
unknown for each of the centers in the validation cohort.
All D-dimer units were converted to p/ml for ease of report-
ing. Retrospective analysis of data from the Intermountain
Healthcare Prospective Observational COVID-19 (IPOC)
Registry was determined to be exempt from review by the
Intermountain Healthcare institutional review board. Use of
data from the registry of suspected COVID-19 in emergency
care (RECOVER) network collaborative registry was
approved by individual site IRBs, without requirement of
individual patient consent.'”

Derivation Cohort

Patients presenting to one of 22 hospital emergency depart-
ments within an integrated healthcare system in Utah and
Idaho between March 23, 2020, and February 31, 2021 were
eligible for inclusion in the derivation cohort if they had a pos-
itive PCR or antigen test for COVID-19 during or within the 14
days preceding ED visit and if a serum D-dimer value was

measured within 48 h of ED arrival. PE was identified by
using the natural language processing methodology that we pre-
viously described applied to chest CT, pulmonary perfusion, or
pulmonary ventilation/perfusion scans that were conducted
within 48 h of ED arrival.>® We excluded 28 patients with
DVT and an absence of PE from analysis. Patient demographics
and clinical characteristics were extracted from the electronic
data warehouse using a validated data set that had been adjudi-
cated through manual review by one of the study’s investigators
(IDP).

Validation Cohort

The RECOVER Network collaborative registry database served
as the validation cohort for this study. RECOVER enrolled
patients presenting to one of the 154 community and academic
centers and undergoing testing for SARS-CoV-2 during the ED
encounter or within the preceding 14 days for suspected symp-
tomatic COVID-19.?! Patients who had a positive COVID-19
test and had a D-dimer value recorded during the index ED
encounter were eligible for inclusion in the validation cohort.
Patients enrolled a derivation cohort clinical site were censored
from the validation cohort prior to analysis. Patients with DVT
in the absence of PE were excluded from analysis. Presence of
PE within 30 days was ascertained through a combination of
electronic health record query and manual chart review per pre-
viously reported methods."”

Exposure and Outcome

The primary exposure was the first-available D-dimer within 48
h of ED arrival. The primary outcome was the occurrence of
pulmonary embolism identified per clinical routine on
contrast-enhanced chest CT or either pulmonary ventilation/
perfusion or pulmonary perfusion nuclear medicine testing
within 48 h of ED arrival for the derivation cohort and within
30 days for the wvalidation cohort. The decision to obtain
imaging was at the discretion of the treating ED clinician.
Patients in whom DVT was diagnosed in the absence of PE
were excluded from the analysis.

Statistical Analysis

The predictive performance (sensitivity, specificity, negative
predictive value [NPV] and positive predictive value [PPV])
for PE across a range of D-dimer values was calculated in
the derivation cohort. The study design defined the derivation
cohort D-dimer threshold result that would yield in a negative
predictive value for PE greater than 98% with 95% confi-
dence interval that also had a lower bound greater than
98%. These criteria aimed to minimize the false positive
rate while providing a negative predictive value of at least
98% (ie, a false negative rate of less than 2%), equivalent
to negative predictive values for D-dimer thresholds in
widely used PE pretest probability algorithms.*>2"** For
each D-dimer, the 95% equal tail confidence intervals
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Table I. Patient Characteristics Derivation and Validation Cohorts.

Derivation (Intermountain)

Validation (RECOVER)

PE No PE PE No PE
Total Patients with D-dimer at ED Encounter N=148 N=3435 N=88 N =7660
Age Mean (SD) 65.01 (16.9) 57.05 62.08 (15.5) 63.15 (17)
N (%) N (%) N (%) N (%)
Sex F 69 (46.6) 1786 (52) 40 (45.5) 3416 (44.6)
M 79 (534) 1649 (48) 48 (54.5) 4244 (55.4)
Ethnicity Hispanic, Latinx, or Spanish Origin 15 (10.1) 449 (13.1) 23 (26.1) 1910 (24.9)
Not Hispanic, Latinx, or Spanish Origin 128 (86.5) 2884 (84) 60 (68.2) 4934 (64.4)
Patient Declined I (0.7) 35 (1)
Unavailable 4(2.7) 67 (2) 5(5.7) 816 (10.6)
Race American Indian or Alaska Native 2(1.4) 42 (1.2) 0 (0) 13 (0.17)
Asian 2(1.4) 35(1) 0 (0) 310 (4)
Black or African American 2(1.4) 43 (1.2) 27 (30.7) 2439 (31.8)
Multiple 0 (0) 8 (0.2) - -
Native Hawaiian or Pacific Islander 0 (0) 128 (3.7) 0 (0) 21 (0.3)
Patient Declined 2(1.4) 49 (1.4) - -
Unavailable 534 112 3.2) 31 (35.2) 2677 (34.9)
White 135 (91.2) 3018 (87.9) 30 (24.1) 2200 (28.7)
Religious Yes 99 (66.9) 2140 (62.3) - -
No 29 (19.6) 860 (25) - -
Not Reported 20 (13.5) 435 (12.7) - -
Language Other I (0.7) 34 (1.0) -- --
English 141 (95.3) 3217 (91.7) - -
Spanish 6 (4.1) 184 (5.4) - -
Insurance Commercial 43 (29.1) 1321 (38.5) 20 (22.7) 1900 (24.8)
Government 104 (70.3) 1978 (57.6) 63 (71.6) 5353 (69.9)
Self-Pay I (0.7) 136 (4.0) 334 215 (2.8)
Unknown I (1.1) 186 (2.4)
Tobacco Yes 4(2.7) 315 (9.2) 4 (4.5) 449 (5.7)
No 136 (91.9) 2766 (80.5) 76 (86.4) 6177 (80.6)
Unknown 8 (5.4) 315 (10.3) - -
History VTE  No 92 (62.2) 3162 (92.1) - -
Yes 56 (37.8) 273 (9.2) - -
Cancer No 129 (87.2) 3042 (88.6) 76 (86.4) 6773 (88.4)
Yes 19 (12.8) 393 (11.4) 12 (13.6) 633 (8.3)
Obesity No 51 (34.5) 1033 (30.1) 71 (80.7) 6213 (81.1)
Overweight 52 (35.1) 1297 (37.8) - -
Obese 27 (18.2) 586 (17.1) 17 (19.3) 1150 (15)
Morbidly Obese 18 (12.2) 519 (15.1)
Diabetes No 113 (76.4) 2564 (74.6) 64 (72.3) 5398 (70.5)
Yes 35 (23.6) 871 (25.4) 24 (27.3) 2003 (26.1)
D-dimer Median (IQR)
COVID + Derivation: N = 3585 3.74 (1.71,9.62) 0.73 (0.39, 1.48)  4.64 (1.76, 10.9) 1.21 (0.64, 2.52)
Validation: N =7748
COVID - Derivation: N =367 3.02 (1.74, 5.59) 0.85 (0.46, 1.86) 3.7 (1.63,891) 0.8 (0.4, 1.95)

Validation: N =5286

(--) indicades data not available, Obesity definition: Overweight: Body Mass Index (BMI) 25-29.9, Obese: BMI 30-34.99, Morbidly obese: BMI >34.99,

for test performance characteristic were computed using a
Bayesian posterior based on the binomial likelihood and a

uniform prior distribution. The performance of the candidate

D-dimer threshold for ruling out PE identified in the deriva-
tion cohort was then tested in the validation cohort. Further
logistic regression models were used to explore a possible
relationship with age to find an age adjusted cut-off value

Results

in COVID-19 patients. Analysis was performed using R
Core Team 2020 (Vienna, Austria).’

In the derivation cohort among the 3978 patients with a
D-dimer, 3583 had laboratory confirmed COVID-19 and a
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Table 2. D-Dimer Test Characteristics in Derivation Cohort Patients with COVID-19.

cut sens spec

0.5 99.3 (96.8—100.0) 343 (32.7-35.9)
0.6 96.6 (92.8—98.8) 42.0 (40.4-437)
0.7 94.6 (90.2-97.5) 48.1 (46.5-49.8)
0.8 93.9 (89.3-97.0) 53.5 (51.9-55.2)
0.9 89.2 (83.5-93.5) 58.0 (56.4—-59.7)
| 87.8 (82.0-92.4) 62.0 (60.4—63.6)
Il 85.1 (78.8—90.2) 65.3 (63.7-66.9)
12 82.4 (75.8-88.0) 68.6 (67.1-70.2)
1.3 81.1 (74.3-86.8) 71.1 (69.6-72.6)
| .4 78.4 (71.3-84.5) 732 (71.7-74.7)
15 77.7 (70.6-83.9) 75.3 (73.9-76.8)
1.6 76.4 (69.1-82.7) 77.2 (75.7-78.6)
1.7 75.0 (67.7-81.5) 79.0 (77.7-80.4)
1.8 73.0 (65.5-79.7) 80.1 (78.7-81.4)
1.9 70.9 (63.4-77.8) 81.2 (79.9-82.5)
2 70.3 (62.6-71.2) 82.4 (81.1-83.6)
2.1 68.9 (61.2-76.0) 83.5 (82.2-84.7)
22 67.6 (59.8-74.7) 84.8 (83.5-85.9)
2.3 67.6 (59.8-74.7) 85.7 (84.5-86.8)
2.4 66.9 (59.1-74.1) 86.7 (85.6—87.8)
2.5 64.9 (57.0-72.2) 87.4 (86.2-88.4)
2.6 63.5 (55.6~71.0) 87.9 (86.8—89.0)
27 61.5 (53.5-69.0) 88.5 (87.4—89.6)
2.8 61.5 (53.5-69.0) 89.1 (88.1-90.1)
2.9 61.5 (53.5-69.0) 89.7 (88.6—90.7)
3 60.8 (52.8—68.4) 90.1 (89.1-91.1)

PPV npv
6.1 (52— 7.1) 99.9 (99.6—100.0)
6.7 (5.7-7.8) 99.7 (99.3-99.9)
7.3 (6.2-8.5) 99.5 (99.1-99.8)
8.0 (6.8— 9.4) 99.5 (99.1-99.8)
8.4 (7.1-9.8) 99.2 (98.7-99.5)
9.1 (7.7-10.6) 99.2 (98.7-99.5)
9.6 (8.1-112) 99.0 (98.6-99.4)
10.2 (8.5—12.0) 98.9 (98.4-99.3)
10.8 (9.1—12.7) 98.9 (98.4-99.2)
11.2 (9.4—13.2) 98.7 (98.3-99.1)
12.0 (10.0—14.1) 98.7 (98.3-99.1)
12.6 (10.5—14.9) 98.7 (98.2-99.1)
134 (11.2-15.8) 98.7 (98.2-99.0)
13.6 (11.4—16.1) 98.6 (98.1-99.0)
14.0 (11.6—16.6) 98.5 (98.0—98.9)
14.7 (12.2-17.4) 98.5 (98.0-98.9)
15.2 (12.6—18.1) 98.4 (97.9-98.8)
16.1 (13.3=19.1) 98.4 (97.9-98.8)
16.9 (14.0—20.0) 98.4 (97.9-98.8)
17.8 (14.8-21.2) 98.4 (97.9-98.8)
18.1 (15.0-21.5) 98.3 (97.8-98.7)
18.5 (15.3—22.0) 98.2 (97.7-98.7)
18.8 (15.5-22.4) 98.2 (97.6-98.6)
19.6 (16.2—23.4) 98.2 (97.7-98.6)
20.4 (16.8-24.3) 98.2 (97.7-98.6)
21.0 (17.3-25.0) 98.2 (97.7-98.6)

Cut =D dimer value, sens = sensitivity, spec = specificity, ppv = positive predictive value, npv = negative predictive value

D-dimer that was performed within 48 h of the index ED
encounter. Patients with PE were older (65.0 vs 57.1), more
likely to be male (53.4% vs 48.0%) and had a prior history
of VTE (37.8% vs 7.9%) (Table 1). Among patients with
COVID-19, 53.6% (1920/3583) were admitted to the hospital
on index encounter. CTPA was performed in 3583 patients
and PE was present in 148, for an overall incidence of
4.1%. The median D-dimer among COVID-19 positive
patients with PE was 3.74 p/ml (IQR 1.71-9.62), compared
to 0.73 p/ml (IQR 0.39-1.48) in those without PE present
(Table 1.).

A D-dimer cutoff of <2 p/ml was present in 2878 (80.3%)
patients and identified to be the highest candidate threshold
value meeting study criteria (Table 2) with a sensitivity of
70.3% (95% Cl=62.6%—77.2%), specificity of 82.4% (95%
CI=81.1%-83.6%), and a NPV of 98.5% (95% CI=98.0%
—98.9%). Comparatively, a D-dimer threshold of <0.5 p/ml
was present in 1205 (33.6%) of patients and yielded a sensitiv-
ity of 99.3% (95% CI=96.8%—100%), a specificity of 34.3%
(95%CI1=32.7%—-35.9%), and a NPV of 99.9% (95% Cl=
99.6%—100%). Figure 1 demonstrates the D-dimer values
for those with and without PE with respect to the traditional
and derived D-dimer cutoffs. Age-adjusted D-dimer values
(age >50 x 10) were not linear with respect to age, so further
analysis was not performed (Figure 2).

Patient characteristics in the validation cohort were similar to
the derivation cohort. (Table 1). In the validation cohort of

13,091 with D-dimer values available 7748 patients had con-
firmed COVID-19 infection, of those 85.7% (6640/7748)
were admitted to the hospital on index encounter, and PE was
diagnosed in 88 of the 7748 that yielded an incidence of 1.14%.
For the outcome of PE the D-dimer cutoff of <2 p/ml compared
to a traditional cutoff of 0.5 p/ml was associated with a sensitivity
of 70.5% (95% CI=60.5%—79.2%) versus 92.0% (95% Cl=
85.2%-96.5%), a specificity of 67.8% (95%Cl=66.7%
—68.8%) versus 17.0% (95%CI=16.2%—17.8%) and a NPV of
99.5% (95% CI=99.3%—-99.7%) versus 99.5% (95% Cl=
99.0%—99.8%), respectively (Table 3).

Discussion

Among ED patients with COVID-19, we determined that a
D-dimer threshold of 2 p/ml provided a high NPV?? while min-
imizing the false positive rate. This value is 4 times higher than
the traditional cutoff of <0.5 p/ml, the upper limit of normal for
this assay, commonly used to justify avoidance of diagnostic
imaging in patients without COVID-19. However, the sensitiv-
ity for PE associated with the D-dimer threshold of <2 p/ml was
70.5%. Similar to recent findings,”® our study found that
D-dimer sensitivity associated with higher than traditional
thresholds appear to have limited clinical applicability despite
a high NPV.

VTE is a common concern among patients presenting to the
ED with hypoxia or dyspnea. This is especially true for patients
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Age at test date
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Figure |. Distribution of D-dimer values stratified by age in the derivation cohort. Blue dot =PE absent, Red dot =PE present, D-dimer

reported as pw/ml.
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Figure 2. D-dimer value stratified by presence or absence of PE in the derivation cohort with COVID-19. Green bars represent D-dimer
thresholds of 0.5, I, and 2mcg/ml from left to right on a logarithmic scale.

Table 3. COVID-19 Adjusted D-Dimer Threshold Test Characteristics.

Intermountain

RECOVER

Reference Range

COVID Adjusted

Reference Range

COVID Adjusted

D dimer threshold (0.5 p/ml) (2.0 p/ml) (0.5 p/ml) (2.0 p/ml)
N= 1205 2878 1343 5231
Sensitivity 99.3% (96.8%—100%) 70.3% (62.6%—77.2%)  92.0% (85.2%—96.5%)  70.5% (60.5%—79.2%)
Specificity 34.3% (32.7%—35.9%)  82.4% (81.1%—83.6%) 17.0% (16.2%—17.8%)  67.8% (66.7%—68.8%)
NPV 99.9% (99.6%—100%) 98.5% (98.0%—98.9%)  99.5% (99.0%—99.8%)  99.5% (99.3%—99.7%)
PPV 6.1% (5.2%—7.1%) 14.7% (12.2%—17.4%) 1.3% (1.0%—1.5%) 2.4% (1.9%—3.1%)
Incidence 4.1% (3.5%—4.8%) 4.1% (3.5%—4.8%) 1.1% (0.9%—1.4%) 1.1% (0.9%—1.4%)
Missed PE’s 1/148 (0.7%) 45/148 (30.4%) 7/88 (8.0%)

CTPA'’s avoided with threshold

1188/3435 (34.6%)

2828/3435 (82.3%)

1336/7660 (17.4%)

26/88 (29.5%)
5205/7660 (68.0%)
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with COVID-19, who often present with these symptoms due to
the viral pneumonia but for whom clinicians also recognize an
increased risk of VTE. Unfortunately, D-dimer elevations
observed with this disease have rendered uncertain the role
for D-dimer and pretest probability-based care pathways in
COVID-19 patients that were formerly proven to safely refute
suspected PE and reduce the use CT pulmonary angiogram in
general ED populations. Our interest was in assessing for an
alternative COVID-adjusted D-dimer threshold could account
for the hyperinflammatory state attributed to COVID-19 to
explore the hypothesis that a higher than usual D-dimer
threshold might be proposed as safe to refute PE among
COVID-19 patients thereby avoiding the cost and risk associ-
ated with unnecessary CTPA for a select group of these
patients. It has been suggested that clinical pretest probability
may be effective in safely electing variable D-dimer thresholds
for refuting PE among non-COVID-19 patients. However we
did not collect pretest probability as part of this study,?*
and information surrounding pretest probability and VTE is
limited.*’

Our observations were consistent with former publications
reporting that D-dimer elevations above traditional thresholds
occur in COVID-19 patients.*'® In our study cohort, D-dimer
values above cutoffs conventionally used to guide PE diagnos-
tic evaluation were common and occurred in 66.8% of the der-
ivation cohort and in 82.7% of the validation cohort. Elevated
D-dimer among patients with PE seen in our study were
similar to previous studies reporting among patients with
COVID-19 infection.'*'®2°2% Diaz et al reported a sensitivity
of 81% using a cutoff of 2903 ng/ml (2.9 w/ml), in patients hos-
pitalized with COVID-19, however further report that the sen-
sitivity can be improved to 91-94% when using a lower
D-dimer cutoff of 1221—1721ng/mL in their population. Choi
found that progressively increasing D-dimer thresholds
increased the likelihood of PE being present among hospital-
ized adults, yet cautioned that a post-test probability of PE of
3% existed among patients with a D-dimer less than 1000 ng/
mL.>® Recently however D-dimer assays have been shown to
yield a high sensitivity of D-dimer among COVID-19 patients
suspected of PE,>® and higher thresholds for positivity have
been suggested.> However concern exists surrounding adjust-
ing D-dimer among COVID-19 patients suspected of PE with
sensitivity being lost.*! Our study, is to our knowledge the
first to focus on D-dimer thresholds among the population of
emergency department patients in the US with suspected PE
in the setting of COVID-19 infection. The ED is an environ-
ment where evaluation of patients in various stages of
COVID-19 infection from very mild to severe disease occurs
and represents a setting where diagnostic tests for suspected
PE are most commonly performed in the US.

Strengths and Limitations

Strengths of the present study include derivation of the D-dimer
threshold in a large multi-hospital integrated healthcare system
and validation in a nationally-representive and generalizable

COVID-19 cohort. Our selecting RECOVER as the validation
cohort permits simulation of the impact of applying the sug-
gested threshold in real-world settings. Limitations of our
study include the retrospective data ascertainment. Also,
pre-test probability assessment was not available for these
patients. Therefore, we are unable to assess the effect of
pretest probability on our results, and with rare exception®=*
consensus exists that pre-test probability assessment is neces-
sary for VTE risk assessment. We were unable to assess for
missed diagnoses of PE at 90 days. The PE diagnosis in the val-
idation cohort was reported up to 30 days following the ED
encounter in which the D-dimer was obtained. This may
explain the missed PE rate that was higher than what we antic-
ipated for both the standard cutoff and and COVID adjusted
cutoff D-dimer values (Table 3). In the setting of COVID,
longer term follow-up for venous thromboembolic events
may have captured PE not present on the initial ED encounter.
We also assumed that D-dimer orders indicated evaluation for
suspected PE, but some laboratory testing may have been
obtained for COVID-19 prognostication or evaluation of
other suspected processes (eg, disseminated intravascular coag-
ulation). The fact that 96% of patients in the derivation cohort
and 100% in the validation cohort received a CTPA following
a D-dimer test supports our hypothesis that any inclusion of
patients whose D-dimer was obtained solely for COVID-19
prognosis would not significantly alter the results of the
study. However, this is one potential reason that the inci-
dence of PE was lower among patients in the validation
cohort than the derivation cohort, and also lower than the
PE incidence in reports of unselected ED patients with
COVID-19.2%3% Variability in PE outcome ascertainment
methods across the RECOVER Network may also have led
to incomplete PE detection at some study sites. The fact
that diagnostic testing for PE was obtained at clinicians’ dis-
cretion rather than systematically may mean some PE events
went undetected in both cohorts.

The low incidence of PE in both cohorts, but in particular the
validation cohort, contributes to the high negative predictive value
for the D-dimer threshold that we report but with a comparatively
low D-dimer sensitivity (Table 3). This finding is likely multi-
factorial, but could include false positive CTPA results given
that performing CTPA on low-risk patients increases the likeli-
hood of a false-positive CTPA up to 67%.%° In addition the prev-
alence of PE may be misrepresented due to our cohort selection
excluding patients with PE diagnosed without the presence of a
D-dimer test. Our results highlight the clinical limitations of inter-
preting D-dimer among COVID-19 patients and our findings are
hypothesis-generating only. Prospective evaluation with protocol
mandated D-dimer assessment is needed before alternative
D-dimer thresholds may be proposed that could be used clinically
to safely refute PE among COVID-19 patients. Future studies
should also include standardized PE pretest probability assess-
ment including whether either objective or gestalt pretest proba-
bility adjustment or additional biometric data might be useful in
reducing the use of CTPA without increasing the rate of missed
PE among COVID-19 patients.
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Conclusion

A COVID-19 adjusted D-dimer cutoff of <2 p/ml is associated
with a high negative predictive value for PE, with a low sensi-
tivity. The role for D-dimer in clinical pathways to refute the
diagnosis of PE in patients presenting to the emergency depart-
ment with COVID-19 infection remains unclear.

Author Contributions

Dr Bledsoe takes full responsibility for the integrity of the manuscript
in its entirety. Concept and design: Bledsoe, Woller, Knox, Peltan.
Analysis, Acquisition or interpretation of data: Bledsoe, Woller,
Knox, Peltan, Lloyd, Horne, Snow, Connors, Kline. Drafting of the
manuscript: Bledsoe, Woller, Critical revision of the manuscript:
Bledsoe, Woller, Knox, Peltan, Lloyd, Horne, Snow, Connors, Kline.

Financial Disclosure
See COI forms

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Joseph R. Bledsoe
Scott C. Woller
Benjamin D. Horne

https:/orcid.org/0000-0002-3005-2878
https:/orcid.org/0000-0002-2522-2705
https:/orcid.org/0000-0002-2656-0263

References

1. Johns Hopkins University and Medicine, Coronavirus Resource
Center. 2021. https:/coronavirus.jhu.edu. (Accessed 6 July,
2021).

2. Wu Z, McGoogan JM. Characteristics of and important lessons
from the coronavirus disease 2019 (COVID-19) outbreak in
China: summary of a report of 72314 cases from the Chinese
center for disease control and prevention. JAMA. 2020;323(13):
1239-1242.

3. Lodigiani C, Iapichino G, Carenzo L, et al. Venous and arterial
thromboembolic complications in COVID-19 patients admitted
to an academic hospital in milan, Italy. Thromb. Res. 2020;
191:9-14.

4. Watchmaker JM, Goldman DT, Lee JY, et al. Increased incidence
of acute pulmonary embolism in emergency department patients
during the COVID-19 pandemic. Acad. Emerg. Med. 2020;27(12):
1340-1343.

5. Scudiero F, Silverio A, Di Maio M, et al. Pulmonary embolism in
COVID-19 patients: prevalence, predictors and clinical outcome.
Thromb. Res. 2021;198:34-39.

6. Garcia-Olive I, Sintes H, Radua J, Abad Capa J, Rosell A.
D-dimer in patients infected with COVID-19 and suspected pul-
monary embolism. Respir. Med. 2020;169:106023.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Webb BIJ, Peltan ID, Jensen P, et al. Clinical criteria for

COVID-19-associated hyperinflammatory syndrome: a cohort
study. Lancet Rheumatol. 2020;2(12):e754-¢763.

. Garcia-Ortega A, Oscullo G, Calvillo P, et al. Incidence, risk

factors, and thrombotic load of pulmonary embolism in patients
hospitalized for COVID-19 infection. J. Infect. 2021;82(2):261-
269.

. Mestre-Gomez B, Lorente-Ramos RM, Rogado J, et al. Incidence

of pulmonary embolism in non-critically ill COVID-19 patients.
Predicting factors for a challenging diagnosis. J. Thromb.
Thrombolysis. 2021;51(1):40-46.

ZhouF, Yu T, DuR, et al. Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in wuhan, China: a retro-
spective cohort study. Lancet. 2020;395(10229):1054-1062.
Zhang L, Yan X, Fan Q, et al. D-dimer levels on admission
to predict in-hospital mortality in patients with COVID-19.
J Thromb Haemost. 2020;18(6):1324-1329.

Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology,
clinical course, and outcomes of critically ill adults with
COVID-19 in New York city: a prospective cohort study.
Lancet. 2020;395(10239):1763-1770.

van Belle A, Buller HR, Huisman MV, et al. Effectiveness of man-
aging suspected pulmonary embolism using an algorithm combin-
ing clinical probability, D-dimer testing,
tomography. JAMA. 2006;295(2):172-179.
Ventura-Diaz S, Quintana-Perez JV, Gil-Boronat A, et al. A
higher D-dimer threshold for predicting pulmonary embolism in

and computed

patients with COVID-19: a retrospective study. Emerg Radiol.
2020;27(6):679-689.

Demelo-Rodriguez P, Cervilla-Munoz E, Ordieres-Ortega L, et al.
Incidence of asymptomatic deep vein thrombosis in patients with
COVID-19 pneumonia and elevated D-dimer levels. Thromb. Res.
2020;192:23-26.

Ooi MWX, Rajai A, Patel R, Gerova N, Godhamgaonkar V, Liong
SY. Pulmonary thromboembolic disease in COVID-19 patients on
CT pulmonary angiography - prevalence, pattern of disease and
relationship to D-dimer. Eur. J. Radiol. 2020;132:109336.
Mouhat B, Besutti M, Bouiller K, et al. Elevated D-dimers and
lack of anticoagulation predict PE in severe COVID-19 patients.
Eur. Respir. J. 2020;56(4):2001811.

Leonard-Lorant I, Delabranche X, Severac F, et al. Acute pulmo-
nary embolism in patients with COVID-19 at CT angiography and
relationship to d-dimer levels. Radiology. 2020;296(3):E189-
E191.

Kline JA, Pettit KL, Kabrhel C, Courtney DM, Nordenholz KE,
Camargo CA. Multicenter registry of United States emergency
department patients tested for SARS-CoV-2. J Am Coll Emerg
Physicians Open. 2020;1(6):1341-1348.

Woller B, Daw A, Aston V, et al. Natural language processing per-
formance for the identification of venous thromboembolism in an
integrated healthcare system. Clin Appl Thromb Hemost.
2021;27:10760296211013108.

A language and environment for statistical computing. R Foundation
for Statistical Computing. 2021. https:/www.R-project.org/.
Righini M, Robert-Ebadi H, Le Gal G. Diagnosis of acute pulmo-
nary embolism. J Thromb Haemost. 2017;15(7):1251-1261.


https://orcid.org/0000-0002-3005-2878
https://orcid.org/0000-0002-3005-2878
https://orcid.org/0000-0002-2522-2705
https://orcid.org/0000-0002-2522-2705
https://orcid.org/0000-0002-2656-0263
https://orcid.org/0000-0002-2656-0263
https://coronavirus.jhu.edu
https://coronavirus.jhu.edu
https://www.R-project.org/
https://www.R-project.org/

Clinical and Applied Thrombosis/Hemostasis

23.

24.

25.

26.

27.

28.

29.

Revel MP, Beeker N, Porcher R, et al. What level of D-dimers can
safely exclude pulmonary embolism in COVID-19 patients presenting
to the emergency department? Eur. Radiol. 2022;32(4):2704-2712.
Kearon C, de Wit K, Parpia S, et al. Diagnosis of pulmonary
embolism with d-dimer adjusted to clinical probability.
N. Engl. J. Med. 2019;381(22):2125-2134.

Raj K, Chandna S, Doukas SG, et al. Combined use of wells
scores and D-dimer levels for the diagnosis of deep vein thrombo-
sis and pulmonary embolism in COVID-19: a retrospective cohort
study. Cureus. 2021;13(9):e17687.

Chen J, Wang X, Zhang S, et al. Characteristics of acute pulmo-
nary embolism in patients with COVID-19 associated pneumonia
from the city of wuhan. Clin Appl Thromb Hemost.
2020;26:1076029620936772.

Alonso-Fernandez A, Toledo-Pons N, Cosio BG, et al. Prevalence
of pulmonary embolism in patients with COVID-19 pneumonia
and high D-dimer values: a prospective study. PloS One.
2020;15(8):¢0238216.

Bompard F, Monnier H, Saab I, et al. Pulmonary embolism in patients
with COVID-19 pneumonia. Eur. Respir. J. 2020;56(1):2001365.
Choi JJ, Wehmeyer GT, Li HA, et al. D-dimer cut-off points and
risk of venous thromboembolism in adult hospitalized patients
with COVID-19. Thromb. Res. 2020;196:318-321.

30.

31.

32.

33.

34.

35.

36.

Elberts SJ, Bateman R, Koutsoubis A, London KS, White JL,
Fields JM. The impact of COVID-19 on the sensitivity of
D-dimer for pulmonary embolism. Acad. Emerg. Med.
2021;28(10):1142-1149.

Logothetis CN, Weppelmann TA, Jordan A, et al. D-Dimer testing
for the exclusion of pulmonary embolism among hospitalized
patients with COVID-19. JAMA Netw Open. 2021;4(10):2128802.
Kwee RM, Adams HJA, Kwee TC. Pulmonary embolism in
patients with COVID-19 and value of D-dimer assessment: a
meta-analysis. Eur. Radiol. 2021;31(11):8168-8186.

Rinde FB, Fronas SG, Ghanima W, Vik A, Hansen JB, Braekkan
SK. D-dimer as a stand-alone test to rule out deep vein thrombosis.
Thromb. Res. 2020;191:134-139.

Fronas SG, Wik HS, Dahm AEA, et al. Safety of D-dimer testing
as a stand-alone test for the exclusion of deep vein thrombosis as
compared with other strategies. J Thromb Haemost.
2018;16(12):2471-2481.

Gervaise A, Bouzad C, Peroux E, Helissey C. Acute pulmonary
embolism in non-hospitalized COVID-19 patients referred to CTPA
by emergency department. Eur. Radiol. 2020;30(11):6170-6177.
Adams DM, Stevens SM, Woller SC, et al. Adherence to PIOPED
II investigators’ recommendations for computed tomography pul-
monary angiography. Am. J. Med. 2013;126(1):36-42.



	 Introduction
	 Methods
	 Derivation Cohort
	 Validation Cohort
	 Exposure and Outcome
	 Statistical Analysis
	 Results
	 Discussion
	 Strengths and Limitations
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


