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Thrombotic complications in patients diagnosed with 
coronavirus disease 2019 (COVID-19) are emerging as 

important sequelae that contribute to significant morbid-
ity and mortality (1,2). Pulmonary embolism (PE), deep 
vein thrombosis, ischemic stroke, and myocardial infarc-
tion are examples of complications described in patients 
with increasing frequency (1,2). Recent publications pro-
pose excessive inflammation, hypoxia, immobilization, 
and diffuse intravascular coagulation in the setting of 
COVID-19 infection as contributors to a prothrombotic 
state (2,3). The purpose of this study was to evaluate the 
clinical characteristics of patients with COVID-19 who 
developed PE and to compare their inflammatory mark-
ers, d-dimer values, and outcomes.

Materials and Methods
Institutional review board approval and waived informed 
consent were obtained for this retrospective analysis. All 
chest examinations performed in a single health system 
across multiple hospitals from March 16, 2020, to April 
18, 2020, were obtained from the picture archiving and 
communication system database. 
From this list, patients with pul-
monary CT angiography were 
identified; those who had a posi-
tive reverse transcriptase poly-
merase chain reaction result on 
nasopharyngeal swab formed the 
study population (Fig 1). The re-
verse transcriptase polymerase 
chain reaction test was developed 
in-house by the Clinical Micro-
biology Laboratory with Federal 
Drug Agency’s Emergency Use 
Authorization. All pulmonary 
CT angiography studies were ini-
tially read by fellowship-trained 
thoracic or abdominal radiolo-
gists, or emergency radiologists, 
all with 2–40 years of experience. 
The radiology reports for these 
examinations were reviewed to 
determine the presence or ab-
sence of PE. CT studies that 
were limited by respiratory mo-
tion or poor contrast opacifica-
tion were excluded. In addition, 

nine patients who tested positive for COVID-19 under-
went two pulmonary CT angiograms during their admis-
sion, and only the most recent CT and respective labora-
tory values were included in data analysis. Patient charts 
were reviewed for demographic, laboratory, and clinical 
outcome variables. Laboratory values that were obtained 
within 2 days of the pulmonary CT angiogram were used 
in data analysis. If a patient was found to have a PE on a 
pulmonary CT angiogram performed more than 2 days 
after admission, then the admission values and values just 
prior to the CT were recorded to evaluate for absolute 
change. Simplified PE severity index scores were calcu-
lated based on clinical variables.

Wilcoxon two-sample test was used to analyze con-
tinuous variables and Pearson x2 test was used for nomi-
nal variables. Logistic regression was used to generate area 
under the receiver operating characteristic curve estimates. 
Sensitivity and specificity were chosen based on values that 
maximized sum over all possible cut points. A forward 
stepwise logistic regression with an a value of .05 required 
for inclusion was used to determine a multivariable model. 
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Figure 1: Flowchart depicts patient population. Limited pulmonary CT angiography was defined by re-
spiratory motion and poor contrast opacification. Nine patients who tested positive for coronavirus disease 
2019 (COVID-19) underwent multiple pulmonary CT angiography examinations and only the most recent 
study was used as a reference point in analysis. PCR = polymerase chain reaction, RT-PCR = reverse tran-
scriptase polymerase chain reaction.
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Demographic and laboratory values listed in the footnote of 
Table 1 were considered for inclusion. The final model included 
the smallest set of variables where each met the significance cri-
teria and included hypertension, history of PE, body mass index 
greater than 30 kg/m2, statin therapy, and d-dimer value prior 
to pulmonary CT angiography. Odds ratios were calculated for 
each variable while adjusting for other variables in the multivari-
able model.

Results
During a 1-month period, 328 patients with a positive re-
verse transcriptase polymerase chain reaction test result for 
COVID-19 underwent pulmonary CT angiography. Among 
these, 72 of 328 (22%; 95% confidence interval [CI]: 18%, 
27%) were found to have a PE (Fig 1). Demographic results 
are depicted in Table 2. Patients with a body mass index 
greater than 30 kg/m2 were seen more frequently in the PE 

group compared with the non-PE group 
(58% vs 44%; P = .045; see example in 
Fig 2). Fewer patients with PE were un-
dergoing statin therapy prior to admis-
sion compared with the non-PE cohort 
(27% vs 46%; P = .005). There was no 
significant difference in age, sex, eth-
nicity, or history of cardiopulmonary 
disease such as congestive heart failure 
or chronic obstructive pulmonary dis-
ease. Laboratory values obtained prior 
to pulmonary CT angiography and ab-
solute change in laboratory values from 
admission to just prior to pulmonary 
CT angiography within 2 days are de-
picted in Table 2. Mean d-dimer value, 
obtained within 2 days of pulmonary 
CT angiography, was higher in the PE 
positive group relative to the PE nega-
tive group (9.33 mg/mL vs 2.54 mg/
mL; P = .001). Mean C-reactive protein 
level, obtained within 2 days of pulmo-
nary CT angiography, was also higher 
in the PE-positive group compared with 
the PE-negative group (10.0 mg/dL vs 
7.4 mg/dL; P = .01). Oxygen require-
ments, measured in liters per minute in 
nonintubated patients within 4 hours 
prior to pulmonary CT angiography, 
was higher in the PE group than the 
non-PE group (4.3 L/min vs 2.7 L/min; 
P = .007).

In the PE group, the location of the 
PE was recorded with respect to the most 
proximal embolus. Distribution was as 
follows: 51% (37 of 72) segmental PE, 
31% (22 of 72) lobar PE, 13% (nine of 
72) central PE, and 5.5% (four of 72) 
subsegmental PE. CT evidence of right 
heart strain was documented in 11% 

Table 2: Demographic, Outcome, and Laboratory Variables

Variable No PE (n = 256) PE (n = 72) P Value
Age (y)* 62 6 16 59 6 15 .20
Male sex 45 49 .54
Body mass index .30 kg/m2 44 58 .045
African American ethnicity 58 56 .60
History of cancer 14 13 .73
Surgery within 4 weeks 1 3 .20
History of PE/DVT 7 11 .32
Smoking 40 28 .07
Diabetes 38 40 .76
Hypertension 61 57 .58
Statin therapy 46 27 .005
COPD 13 7 .17
Congestive heart failure 9 4 .19
Oxygen requirements (L/min)* 2.7 6 3.5 4.3 6 5.4 .007
Length of stay (d)* 9.0 6 8.0 9.4 6 7.5 .73
ICU admission 25 25 .59
Required intubation† 67 (42/63) 65 (13/20) .89
Death 10 6 .23
d-dimer (mg/mL) (n = 245)* 2.54 6 3.67 9.33 6 7.00 .001
Ferritin (ng/mL) (n = 224)* 781 6 925 676 6 600 .38
LDH (IU/L) (n = 223)* 344 6 121 391 6 189 .06
CRP (mg/dL) (n = 225)* 7.4 6 6.8 10.0 6 9.0 .01
 d-dimer (mg/mL) (n = 80)* 1.33 6 4.22 5.61 6 7.49 .001
 Ferritin (ng/mL) (n = 79)* 2108 6 949 2178 6 496 .69
 LDH (IU/L) (n = 79)* 250 6 252 222 6 173 .57
 CRP (mg/dL) (n = 78)* 25.1 6 9.6 213.1 6 40.7 .23

Note.—Unless otherwise specified, data are percentages. d-dimer, ferritin, lactate 
dehydrogenase (LDH), and C-reactive protein laboratory (CRP) values were ob-
tained within 2 days of the pulmonary CT angiogram. Absolute change in labora-
tory values was calculated based on laboratory values obtained within 2 days of 
pulmonary CT angiography and laboratory values obtained on admission if these 
laboratory values were obtained at least 2 days apart. COPD = chronic obstructive 
pulmonary disease, DVT = deep venous thrombosis, ICU = intensive care unit, PE 
= pulmonary embolism.
* Data are means 6 standard deviation.
† Data in parentheses are numerators and denominators.

Table 1: Multivariable Model Demonstrating Odds Ratios of 
Statistically Significant Variables with Confidence Intervals

Variable Odds Ratio P Value

BMI .30 kg/m2 2.7 (1.3, 5.5) .006
d-dimer value* 4.8 (3.2, 7.2) .001
Statin therapy 0.4 (0.2, 0.8) .005
History of PE 3.5 (1.2, 10.5) .02
Hypertension 0.5 (0.2, 1.0) .04

Note.—Data in parentheses are 95% confidence intervals. Nonsignifi-
cant variables considered for inclusion included age, sex, race, previous 
history of cancer, previous surgery within 4 weeks, a prior pulmonary 
embolism (PE), smoking history, presence of diabetes, chronic 
obstructive pulmonary disease, congestive heart failure, oxygen re-
quirements, ferritin, lactate dehydrogenase, C-reactive protein 
level, and platelets. BMI = body mass index.
* Increase by 6 mg/mL.
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(eight of 72) of patient reports. Average simplified PE severity 
index was 1.2 6 0.70 (standard deviation). Among the 72 pa-
tients who developed a PE, 51% were diagnosed in the emer-
gency department. Twenty-eight of 122 (23%) of all patients 
who were on venous thromboprophylaxis developed a PE. Rate 
of intubation in patients admitted to the intensive care unit 
(ICU) was 65% in the PE group versus 67% in the non-PE 
group (P = .89). Mean intubation time was 10.2 days 6 6.6 in 
patients with PE and 10.1 days 6 7.9 in patients without PE 
(P = .73). No statistically significant difference in ICU admis-
sion or death was found between the PE and non-PE cohorts.

A multivariable model was developed to predict PE, and 
odds ratios for statistically significant results are depicted in 
Table 1. Patients receiving statin therapy prior to admission 
had an adjusted multivariable odds ratio of 0.4 (95% CI: 
0.23, 0.75; P = .005) for developing a PE. Patients with a 
body mass index greater than 30 kg/m2 had an adjusted mul-
tivariable odds ratio of 2.7 (95% CI: 1.3, 5.5; P = .006) for 
developing a PE. An increase in d-dimer value of 6 mg/mL 
had an odds ratio of 4.8 (95% CI: 3.2, 7.2; P = .001) for de-
veloping a PE. The multivariable model had an area under the 
receiver operating characteristic curve estimate of 0.86 (95% 

CI: 0.81, 0.91). Sensitivity and specificity for a d-dimer value 
of 3.11mg/mL were 78% and 81%, respectively, for develop-
ment of PE, with an area under the receiver operating charac-
teristic curve estimate of 0.85.

Discussion
Respiratory tract infection is a known risk factor in development 
of pulmonary embolism (PE) in hospitalized patients (4). In 
recently published studies, the incidence of PE in patients with 
coronavirus disease 2019 (COVID-19) who underwent pulmo-
nary CT angiography was reported to be between 23%–30%, 
which is similar to our rate of 22% (5,6). Our patient popula-
tion is unique when compared with recently published studies. 
There were a greater number of African American patients and 
patients with obesity in our demographic distribution. In our 
study, patients with a body mass index greater than 30 kg/m2 
were 2.7 times more likely to develop a PE, which has not been 
previously described. Recent literature suggests that obesity in 
COVID-19 is associated with more severe disease (7). We found 
that patients with COVID-19 receiving statin therapy prior to 
admission are less likely to develop a PE. Statins have been 
previously described to be associated with decreased rates of ve-

Figure 2: A, B, Axial and, C, D, coronal pulmonary CT angiography images in a 76-year-old African American man with body mass index of 37 
kg/m2 who required admission to medical intensive care unit for acute respiratory failure secondary to coronavirus disease 2019 confirmed with re-
verse transcriptase polymerase chain reaction. Pulmonary CT angiography was obtained 4 days after admission and demonstrates acute pulmonary 
embolism in right lower lobar pulmonary artery (white arrows), bilateral ground glass opacities (black arrows), and consolidation (arrowheads).
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nous thromboembolism, as well as decreased risk of recurrent  
PE (8,9).

In our study, we found a significant difference in C-reactive 
protein level and d-dimer value between PE-positive and PE-
negative groups, which may suggest that patients with a posi-
tive COVID-19 test with higher levels of inflammation and 
d-dimer values are more susceptible to developing PE. In ad-
dition, we found that nonintubated patients who developed 
PE required more oxygen prior to pulmonary CT angiography 
evaluation than did their non-PE counterparts.

We did not find a significant difference in ICU admissions, 
requirement for intubation, or duration of intubation between 
patients who developed PE and those who did not. In fact, 
72% (52 of 72) of PEs were diagnosed in patients who did not 
require ICU-level care. This is in sharp contrast to a recently 
published study (5) highlighting PE to be associated with ICU 
admission and mechanical ventilation. Our results suggest that 
even patients who do not have severe enough illness to qualify 
for ICU care can develop acute PE.

Limitations of our study included its retrospective nature 
and restriction to a single-health system.

Our study, in conjunction with recent and future studies, 
may prompt early evaluation with pulmonary CT angiography 
in patients with coronavirus disease 2019 who are at increased 
risk for developing pulmonary embolism based on demo-
graphic, clinical, and laboratory variables (6,7,10).
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