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Acute Pulmonary Embolism and COVID-19
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hrombotic complications in patients diagnosed with
Tcoronavirus 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-

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 x? 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 o value of .05 required
for inclusion was used to determine a multivariable model.
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spiratory motion and poor contrast opacification. Nine patients who tested positive for coronavirus disease
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Table 1: Multivariable Model Demonstrating Odds Ratios of Demographlc and laboratory values listed in the footnote of

Statistically Significant Variables with Confidence Intervals Table 1 were considered for inclusion. The final model included

the smallest set of variables where each met the significance cri-

Variable Odds Ratio P Value teria and included hypertension, history of PE, body mass index
BMI >30 kg/m? 2.7 (1.3,5.5) .006 greater than 30 kg/m?, statin therapy, and p-dimer value prior
p-dimer value* 4.8(3.2,7.2) .001 to pulmonary CT angiography. Odds ratios were calculated for
Statin therapy 0.4 (0.2, 0.8) .005 each variable while adjusting for other variables in the multivari-
History of PE 3.5 (1.2, 10.5) .02 able model,

Hypertension 0.5(0.2,1.0) .04

Note.—Data in parentheses are 95% confidence intervals. Nonsignifi- Results

cant variables considered for inclusion included age, sex, race, previous During a 1-month period, 328 patients with a positive re-
history of cancer, previous surgery within 4 weeks, a prior pulmonary verse transcriptase polymerase chain reaction test result for

embolism (PE), smoking history, presence of diabetes, chronic ~ .
obstructive pulmonary disease, congestive heart failure, oxygen re- COVID-19 underwent pulmonary CT angiography. Among

quirements, ferritin, lactate dehydrogenase, C-reactive protein these, 72 of 328 (22%; 95% confidence interval [CI]: 18%,
level, and platelets. BMI = body mass index. 27%) were found to have a PE (Fig 1). Demographic results
* Increase by 6 pg/mL. are depicted in Table 2. Patients with a body mass index
greater than 30 kg/m? 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-

Table 2: Demographic, Outcome, and Laboratory Variables

dergoing statin therapy prior to admis-

Variable No PE (r = 256) PE (n=72) P Value sion compared with the non-PE cohort
Age (y)* 62 =16 59 * 15 20 (27% vs 46%; P = .005). There was no
Male sex 45 49 .54 significant difference in age, sex, eth-
Body mass index >30 kg/m? 44 58 .045 nicity, or history of cardiopulmonary
African American ethnicity 58 56 .60 disease such as congestive heart failure
History of cancer 14 13 73 or chronic obstructive pulmonary dis-
Surgery within 4 weeks 1 3 20 ease. Laboratory values obtained prior
History of PE/DVT 7 11 32 to pulmonary CT angiography and ab-
Smoking 40 28 .07 solute change in laboratory values from
Diabetes 38 40 76 admission to just prior to pulmonary
HyRertension 61 57 58 CT angiography within 2 days are de-
Statin therapy =D 2 0o picted in Table 2. Mean p-dimer value,
ggj;?stive heart failute 1; Z g obtained within 2 days of pulmonary
Oxygen requirements (L/min)* 2.7 *35 43 *+54 .007 CT, a'nglography, Wfis hlgher in the PE
Length of stay (d)* 0.0 %380 94+75 73 ppsmve group relative to the PE nega-
ICU admission 25 25 59 tive group (9.33 pg/mL vs 2.54 ug/
Required intubation’ 67 (42/63) 65(13/20) .89 mL; P =.001). Mean C-reactive protein
Death 10 6 23 level, obtained within 2 days of pulmo-
p-dimer (ug/aLl) (u = 245)* 25463.67 933 = 7.00 .001 nary CT angiography, was also higher
Ferritin (ng/mL) (n = 224)* 781 * 925 676 = 600 .38 in the PE-positive group compared with
LDH (IU/L) ( = 223)* 344 + 121 391 = 189 06 the PE-negative group (10.0 mg/dL. Vs
CRP (mg/dL) (n = 225)" 74+ 68 10090 .01 7.4 mg/dL; P = .01). Oxygen require-
A p-dimer (ug/mL) (s = 80)* 133 + 4.2 561+ 749 001 men.ts, measured in liters per minute in
A Fertitin (ng/mL) (7 = 79)* —108 + 949 —178 + 496 69 no.mntubated patients Wlthln. 4 hours
A LDH (IU/L) (2 = 79)* _50 + 252 22+ 173 57 prior to pu%monary CT angiography,
A CRP (mg/dL) (n = 78)* —5.1%9.6 —13.1 = 407 .23 was higher in the PE group than the

non-PE group (4.3 L/min vs 2.7 L/min;

Note.—Unless otherwise specified, data are percentages. p-dimer, ferritin, lactate P=.007)
dehydrogenase (LDH), and C-reactive protein laboratory (CRP) values were ob- ) ’

tained within 2 days of the pulmonary CT angiogram. Absolute change in labora- In the PE group, the location of the

tory values was calculated based on laboratory values obtained within 2 days of PE was recorded with respect to the most
pulmonary CT angiography and laboratory values obtained on admission if these proximal embolus. Distribution was as
laboratory values were obtained at least 2 days apart. COPD = chronic obstructive follows: 51% (37 of 72) segmental PE,
pulmonary disease, DVT = deep venous thrombosis, ICU = intensive care unit, PE 31% (22 of 72) lobar PE, 13% (nine of

= pulmonary embolism.

72) central PE, and 5.5% (four of 72)
subsegmental PE. CT evidence of right

* Data are means * standard deviation.

" Data in parentheses are numerators and denominators.

heart strain was documented in 11%
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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,/m? who required admission to medical infensive 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).

(eight of 72) of patient reports. Average simplified PE severity
index was 1.2 = 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 in
patients with PE and 10.1 days = 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/m? 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 p-dimer value of 6 pg/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%
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CI: 0.81, 0.91). Sensitivity and specificity for a D-dimer value
of 3.11pg/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/m?
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-
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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 p-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).

Author contributions: Guarantors of integrity of entire study, N.P, PY.P, M.O.H.,
KK, J.N, N.R, CK, TS, study concepts/study design or data acquisition or data
analysis/interpretation, all authors; manuscript drafting or manuscript revision for im-
portant intellectual content, all authors; approval of final version of submitted manu-
scrip, all authors; agrees to ensure any questions related to the work are appropriately
resolved, all authors; literature research, N.P, PY.R, M.O.H., PB., KK., J.N., TK,,

E338

N.R., CK.,, TS clinical studies, N.P, PC., M.O.H., ].N., C.K;; statistical analysis,
PC., J.N,, TK,, E.L.P; and manuscript editing, N.P, PC,, PY.P, M.O.H., PB., K.K.,
J.N.,, TK, D.S., CK, ELD,TS.

Disclosures of Conflicts of Interest: N.P. disclosed no relevant relationships.
P.C. disclosed no relevant relationships. PY.P. disclosed no relevant relationships.
M.O.H. disclosed no relevant relationships. P.B. disclosed no relevant relation-
ships. K.K. disclosed no relevant relationships. J.N. disclosed no relevant rela-
tionships. T.K. disclosed no relevant relationships. D.S. disclosed no relevant
relationships. N.R. disclosed no relevant relationships. C.K. disclosed no relevant
relationships. E.L.P. disclosed no relevant relationships. T.S. disclosed no relevant
relationships.

References

1. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and Thrombotic or Throm-
boembolic Disease: Implications for Prevention, Antithrombotic Therapy, and Fol-
low-up. J Am Coll Cardiol 2020;75(23):2950-2973.

2. Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of thrombotic compli-
cations in critically ill ICU patients with COVID-19. Thromb Res 2020;191:145—
147.

3. Goeijenbier M, van Wissen M, van de Weg C, et al. Review: Viral infections and
mechanisms of thrombosis and bleeding. ] Med Virol 2012;84(10):1680-1696.

4. Grimnes G, Isaksen T, Tichelaar YIGV, Brakkan SK, Hansen JB. Acute infection as
a trigger for incident venous thromboembolism: Results from a population-based
case-crossover study. Res Pract Thromb Haemost 2017;2(1):85-92.

5. Grillet E Behr J, Calame B, Aubry S, Delabrousse E. Acute Pulmonary Embolism Associ-
ated with COVID-19 Pneumonia Detected by Pulmonary CT Angiography. Radiology
2020. 10.1148/radiol.2020201544. Published online April 23, 2020.

6. Leonard-Lorant I, Delabranche X, Severac F, et al. Acute Pulmonary Embo-
lism in COVID-19 Patients on CT Angiography and Relationship to D-Dimer
Levels. Radiology 2020. 10.1148/radiol.2020201561. Published online April
23, 2020.

7. Zheng KI, Gao E Wang XB, et al. Letter to the Editor: Obesity as a risk factor
for greater severity of COVID-19 in patients with metabolic associated fatty liver
disease. Metabolism 2020. 10.1016/j.metabol.2020.154244. Published online April
19, 2020.

8. Wallace A, Albadawi H, Hoang P, et al. Statins as a preventative therapy for venous
thromboembolism. Cardiovasc Diagn Ther 2017;7(Suppl 3):5207-S218.

9. Ray KK. Statin treatment and the risk of recurrent pulmonary embolism. Eur Heart
] 2013;34(24):1775-1777.

10. Oudkerk M, Biiller HR, Kuijpers D, et al. Diagnosis, Prevention, and Treatment of
Thromboembolic Complications in COVID-19: Report of the National Institute
for Public Health of the Netherlands. Radiology 2020. 10.1148/radiol.2020201629.
Published online April 23, 2020.

radiology.rsna.org = Radiology: Volume 297: Number 3—December 2020



