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COVID-19 AND VENOUS DISEASE
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Venous thrombosis, thromboembolism, biomarkers of

inflammation, and coagulation in coronavirus disease 2019
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ABSTRACT
Objective: Coronavirus disease 2019 (COVID-19) is associated with abnormal inflammatory and coagulation markers,
potentially mediating thrombotic events. Our objective was to investigate the incidence, time course, laboratory features,
and in-hospital outcomes of COVID-19 patients with suspected venous thromboembolism (VTE).

Methods: A retrospective observational cohort study was conducted of patients hospitalized with COVID-19 who had
undergone ultrasound imaging for suspected VTE from March 13 to May 18, 2020. The medical records of the included
patients were reviewed for D-dimer, fibrinogen, prothrombin time, partial thromboplastin time, platelet count, C-reactive
protein (CRP), and high-sensitivity troponin T at admission and at up to seven time points before and after ultrasound
examination. The clinical outcomes included superficial venous thrombosis, deep vein thrombosis, pulmonary embolism,
intubation, and death. Mixed effects logistic, linear, and Cox proportional hazards methods were used to evaluate the
relationships between the laboratory markers and VTE and other in-hospital outcomes.

Results: Of 138 patients who had undergone imaging studies, 44 (31.9%) had evidence of VTE. On univariable analysis,
an elevated admission CRP (odds ratio [OR], 1.05; 95% confidence interval [CI], 1.01-1.09; P ¼ .02; per 10-U increase in
CRP), platelet count (OR, 1.48; 95% CI, 1.04-2.12; P ¼ .03; per 1000-U increase in platelet count), and male sex (OR, 2.64;
95% CI, 1.19-5.84; P ¼ .02), were associated with VTE. However only male sex remained significant on multivariable
analysis (OR, 2.37; 95% CI, 1.01-5.56; P ¼ .048). The independent predictors of death included older age (hazard ratio
[HR], 1.04; 95% CI, 1.00-1.07; P ¼ .04), active malignancy (HR, 4.39; 95% CI, 1.39-13.91; P ¼ .01), elevated admission D-dimer
(HR, 1.016; 95% CI, 1.003-1.029; P ¼ .02), and evidence of disseminated intravascular coagulation (HR, 4.81; 95% CI, 1.76-
13.10; P ¼ .002).

Conclusions: Male sex, elevated CRP, and elevated platelet count at admission were associated with VTE on univariable
analysis. However, only male sex remained significant on multivariable analysis. Older age, active malignancy, dissemi-
nated intravascular coagulation, and elevated D-dimer at admission were independently associated with death for
patients hospitalized with COVID-19. (J Vasc Surg Venous Lymphat Disord 2021;9:835-44.)
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thromboembolism
Severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) and the corresponding clinical syndrome
of coronavirus disease 2019 (COVID-19) have been primar-
ily noted for pneumonia and acute respiratory distress
syndrome, accompanied by respiratory and/or multior-
gan system failure.1,2 Ongoing research during the global
pandemic has continued to uncover a broader array of
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cardiovascular, neurologic, and renal complications that
might, in part, be associated with thrombosis.2-5

Recent studies have suggested that patients with
COVID-19 will have abnormal hematologic and coagula-
tion markers, reflecting a state of heightened inflamma-
tion, activated coagulation, and endothelial dysfunction,
predisposing to a hypercoagulable state and adverse
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ARTICLE HIGHLIGHTS
d Type of Research: A multicenter, retrospective
observational study

d Key Findings: Of 138 patients undergoing imaging
studies, 44 had evidence of venous thromboembo-
lism despite thromboprophylaxis. The median inter-
val between symptom onset and venous
thromboembolism was 13.5 days. Elevated C-reactive
protein (odds ratio, 1.05; P ¼ .02) and platelet count
(odds ratio, 1.48; P ¼ .03) at admission were indepen-
dently associated with a greater risk of thrombosis.

d Take Home Message: Admission laboratory values
might improve the prognostication, treatment, and
resource management for patients hospitalized
with coronavirus disease 2019.
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outcomes.4-9 Elevations in fibrinogen,10 fibrin degrada-
tion products, and D-dimer have been linked with severe
disease4,11,12 and increased odds of death.7,8 Other studies
have suggested that, although rare overall, disseminated
intravascular coagulation (DIC) can also be associated
with COVID-19erelated death.3,7,13

Studies specifically investigating symptomatic venous
thromboembolic events in COVID-19 patients have re-
ported an overall incidence ranging from 20% to
36%.13-18 Laboratory test results that can independently
predict for thrombotic complications include elevated
D-dimer,5,9 prolongation of the prothrombin time (PT),
and/or activated partial thromboplastin time (aPTT).14

Although inflammation is a hallmark of severe COVID-
19 and elevated inflammatory markers such as C-reac-
tive protein (CRP) have been shown in nonsurvivors,2,5,19

the trends over time in laboratory markers and
the development of venous thromboembolism (VTE)
remain unknown. Furthermore, although previous
studies of COVID-19 patients have investigated deep
vein thrombosis (DVT) and pulmonary embolism (PE), a
paucity of data is available on superficial venous
thrombosis (SVT) in these patients. Additional informa-
tion on the trends in laboratory markers and VTE in the
progression of COVID-19 could help to refine treatment
decisions, anticoagulation strategies, resource
management, and overall prognostication for these
patients.
We, therefore, investigated the incidence, time course,

and relationship of inflammatory and coagulation
markers with VTE and in-hospital outcomes for patients
admitted with COVID-19.

METHODS
Study design and patient selection. Our institutional

review board approved the present retrospective two-
center cohort study and waived the requirement for
written informed consent. We included consecutive
patients aged >18 years who had been admitted to one
of two large academic hospitals from March 13, 2020 to
May 18, 2020 with reverse transcriptase (RT)-polymerase
chain reaction (PCR)econfirmed SARS-CoV-2 infection
who had undergone ultrasound evaluation for venous
thrombosis in the upper and lower extremities during
the same admission. The decision to perform
ultrasonography or computed tomography pulmonary
angiography (CTPA) was determined by clinical suspi-
cion. The main exclusion criterion was pregnancy.

Clinical, laboratory, and imaging features. The patients’
electronic medical records were reviewed by two of us
(D.M. and V.T.) for demographic data, date of COVID-19
symptom onset, hyperlipidemia, hypertension, diabetes,
active tobacco use, coronary artery disease, active
malignancy, and thrombosis prophylaxis before the
imaging studies. A history of DVT, PE, and/or respiratory
diseases such as asthma and chronic obstructive
pulmonary disease, was also recorded.
The diagnosis of SARS-CoV2 infection was established

using RT-PCR from a nasopharyngeal swab. The admis-
sion laboratory values for D-dimer, fibrinogen, PT, aPTT,
platelet count, CRP, and high-sensitivity troponin T
were recorded within 24 hours of hospitalization. These
laboratory tests were also performed and the data
recorded for up to seven time points before and after
the ultrasound examination, with the date of the ultra-
sound scan considered the reference point. Patients
were evaluated for DIC using the International Society
of Thrombosis and Haemostasis criteria, with DIC
considered present at a score of $5.20

All venous ultrasound studies were performed using
the Zonare ZS3 (Mindray, Shenzhen, China), LOGIQ E9,
or LOGIQ E10 (GE Medical Systems, Milwaukee, Wis) scan-
ners. DVT was diagnosed if the inability to compress a
venous segment under gentle ultrasound probe pressure
was present.21,22 CTPA was performed using $64-slice
multidetector computed tomography scanners.

Clinical endpoints and outcomes. The primary
outcome of interest was the incidence of VTE, defined
as a composite of SVT, DVT, and PE. Other outcomes
included a composite of DVT and PE only, intensive
care unit (ICU) admission, length of hospitalization,
invasive mechanical ventilation, and death during the
same hospitalization. Patients were followed up until
death, discharge, or August 7, 2020, whichever occurred
first.

Statistical analysis. Categorical variables are presented
as counts and percentages. Continuous variables were
analyzed using the Shapiro-Wilk test and are presented
as the median and interquartile range(IQR). Descriptive
analyses of the clinical variables and laboratory values
were performed using the Wilcoxon rank-sum test or the



Table I. Patient characteristics and outcomes (N ¼ 138)

Variable Value

Age, years 59.2 6 14.7

Male sex 83 (60.1)

Hypertension 74 (53.6)

Hyperlipidemia 60 (43.5)

Diabetes mellitus 61 (44.2)

Active malignancy 7 (5.1)

Active tobacco use 22 (15.9)

Coronary artery disease 11 (8.0)

Previous DVT or PE 8 (5.8)

Respiratory disease 23 (16.7)

Thrombosis prophylaxis 126 (91.3)

Interval from symptom onset to
ultrasound scan, days

Median 15.0

IQR 8.0-23.8

Lower extremity ultrasound scan 117 (70.9)

Positive DVT or SVT 24 (20.5)

Upper extremity ultrasound scan 48 (29.1)

Positive DVT or SVT 27 (56.3)

Associated with indwelling
catheter

12 (44.4)

Any VTE 44 (31.9)

DVT alone 27 (61.4)

PE alone 6 (13.6)

DVT þ PE 1 (2.3)

SVT alone 10 (22.7)

DIC 8 (5.8)

Invasive mechanical ventilation 92 (66.7)

ICU level of care 95 (68.8)

Death 23 (16.7)

Discharged 114 (82.6)

Still inpatient 2 (1.4)

Total length of stay, days

Median 23.0

IQR 10.0-38.8

DIC, Disseminated intravascular coagulation; DVT, deep venous
thrombosis; ICU, intensive care unit; IQR, interquartile range; PE, pul-
monary embolism; SVT, superficial venous thrombosis; VTE, venous
thromboembolism.
Data presented as mean 6 standard deviation or number (%), unless
noted otherwise.
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Fisher exact test, as appropriate. Mixed effects logistic
regression was used to assess the association of the
clinical and laboratory factors in relation to VTE, with a
random patient-level intercept to account for patients
with multiple imaging scans. Linear regression was used
to analyze the length of stay in relation to the clinical and
laboratory factors. Exploratory clinical endpoints of
intubation and death were assessed using Cox logistic
regression. Patients discharged, deceased, or still
hospitalized as of August 7, 2020 were censored at the
respective date of occurrence. Factors associated with
P < .05 on univariable analysis were included in the
multivariable analysis. Trends in laboratory values were
assessed using the generalized estimating equations
(GEEs) to analyze repeated measures over time. The
results are presented as odds ratios (ORs), hazard ratios
(HRs), or b-coefficients, as appropriate, with the 95%
confidence intervals (CIs). All tests were two-tailed, with
an a-level of 0.05 indicating statistical significance. Sta-
tistical calculations were performed using R 2019, version
3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria) and MATLAB 2019b (Mathworks, Natick, Mass).
The lme4 package was used for mixed effects logistic
regression, and GEE analysis was performed using the
GEEQBOX Statistical Toolbox (MATLAB; Mathworks).23-25
RESULTS
Patient and scan characteristics. During the study

period, 2004 patients had been admitted to our institu-
tions with an RT-PCReconfirmed diagnosis of COVID-19.
Of these 2004 patients, 149 (7.4%) had undergone
ultrasound scans for suspected VTE and were assessed
for study inclusion. Of these 149 patients, 11 were
excluded because of pregnancy (n ¼ 10) or no laboratory
data available (n ¼ 1), leaving 138 patients (165 ultrasound
scans) in the final analysis (Supplementary Fig, online
only). Of the 165 scans, 117 (70.9%) were of the lower
extremity and 48 (29.1%) were of the upper extremity.
The most common indication for obtaining an
ultrasound scan was pain and/or swelling in the limb. Of
the 138 patients, 126 (91.3%) had been receiving phar-
macologic thrombosis prophylaxis before the imaging
studies. Of these 129 patients, 83 (60.1%) had received
subcutaneous low-molecular-weight heparin, 28 (20.3%)
subcutaneous heparin, and 10 (7.2%) pharmacologic
prophylaxis, although the specific drug had not been
recorded in the medical record. Additionally, five pa-
tients (3.6%) had been receiving chronic anticoagulation
(three [2.2%], direct oral anticoagulant drugs; and two
[1.4%], warfarin) because of a history of VTE, atrial fibril-
lation, or other indication. Twelve patients (8.7%) had
contraindications to pharmacologic thrombosis prophy-
laxis, including recent or acute gastrointestinal bleeding
and thrombocytopenia. The patient characteristics are
presented in Table I.

Incidence of DVT, PE, intubation, and death. Of the 138
patients, 44 (31.9%) had evidence of VTE, and 40 (29%)
had undergone CTPA because of a clinical suspicion of
PE. Of the latter 40 patients, 7 (17.9%) were subsequently
diagnosed with PE. In addition, 28 patients had DVT
(20.2%) and 28 had SVT (20.2%). Some patients had
more than one type of VTE. Of the 138 patients, 34
(24.6%) had VTE alone (6 had PE alone, 27 had DVT alone,
and 1 had DVT and PE) and 10 had SVT alone (Table I). Of
27 patients with upper extremity venous thrombosis, 12



Table II. Patient characteristics stratified by venous thrombosis

Characteristic

Venous thrombosis

P valueYes No

Patients, no. 44 94 NA

Age, years 59.5 6 14.3 59 6 15 .85

Male sex 33 (75.0) 50 (53.2) .02

Hypertension 22 (50.0) 52 (55.3) .59

Hyperlipidemia 16 (36.4) 44 (46.8) .27

Diabetes mellitus 19 (43.2) 42 (44.7) 1.00

Active tobacco use 1 (2.3) 6 (6.4) .43

Coronary artery disease 9 (20.5) 13 (13.8) .33

Previous DVT or PE 4 (9.1) 7 (7.4) .74

Active malignancy 4 (9.1) 4 (4.3) .27

Respiratory disease 8 (18.2) 15 (16.0) .81

Thrombosis prophylaxis 41 (93.2) 85 (90.4) .75

Symptom onset to ultrasound scan, days .33

Median 16.0 13.5

IQR 11.0-21.0 7.0-24.8

DIC 5 (11.4) 3 (3.2) .11

ICU 36 (81.8) 59 (62.8) .03

Invasive mechanical ventilation 35 (79.5) 57 (60.6) .03

Death 10 (22.7) 13 (13.8) .22

Discharged 34 (77.3) 80 (85.1) .34

Still inpatient 0 (0.0) 2 (2.1) 1.00

Total length of stay, days .16

Median 25.0 22.5

IQR 18.0-40.5 8.0-37.8

DIC, Disseminated intravascular coagulation; DVT, deep venous thrombosis; ICU, intensive care unit; IQR, interquartile range; NA, not applicable; PE,
pulmonary embolism.
Data presented as mean 6 standard deviation or number (%), unless noted otherwise. Boldface P values represent statistical significance.
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(44.4%) had had an indwelling catheter (4 with SVT and 8
with DVT). In the patients with VTE, the median time to
diagnosis from COVID-19 symptom onset was 13.5 days
(IQR, 7-24.8 days).
Overall, 92 patients(66.7%) required intubation, 95

(68.8%) required ICU level of care, and 23 patients
(16.7%) died. Eight patients(5.8%) met the criteria for
DIC, of whom five had had VTE and four had died. Two
patients (1.4%) remained hospitalized as of August 7,
2020. The median follow-up period was 39.5 days (IQR,
15.3-100 days).

VTE, intubation, death, and length of stay related to
clinical factors and laboratory markers. The incidence of
male sex, ICU admission, and intubation were signifi-
cantly greater for patients with VTE (Table II). An
analysis of the overall trends over time in the laboratory
test results showed that D-dimer had decreased in both
groups (b-coefficient, �107.9; 95% CI, �211.6 to �4.17;
P ¼ .04) and the aPTT had increased (b-coefficient,
2.02; 95% CI, 0.002-4.05; P ¼ .05; Supplementary Table I,
online only). The PT was lower in patients with VTE
(b-coefficient, 0.88; 95% CI, 0.03-0.88; P ¼ .04). However,
the D-dimer (b-coefficient, 1108.5; 95% CI, 693.6-1523.4;
P < .0001) and CRP (b-coefficient, 69.18; 95% CI, 49.09-
89.27; P < .0001) were significantly higher in the patients
with VTE. The overall trends in each laboratory test
relative to the day of the ultrasound examination are
shown in Fig.
Patients with VTE had higher admission, maximum,

and day-of-ultrasound CRP levels (Supplementary
Tables II and III, online only). On univariable logistic
regression, male sex (OR, 2.64; 95% CI, 1.19-5.84; P ¼ .02),
elevated CRP (OR, 1.05; 95% CI, 1.01-1.09; P ¼ .02; per 10-
U increase in CRP), and platelet count (OR, 1.48; 95% CI,
1.04-2.12; P ¼ .03; per 1000-U increase in platelet count)
on admission were associated with VTE during hospital-
ization. However, only male sex remained significant on
multivariable analysis (Table III).
Elevated admission D-dimer and aPTT were associated

with an increased hazard for intubation on univariable
analysis. However only D-dimer remained significant on



Fig. Trends in laboratory test results relative to day-of-ultrasound laboratory markers before and after ultrasound
examination (day 0, gray vertical line) in patients with and without venous thrombosis. Owing to the variability in
clinical ordering of each laboratory test, the data were grouped into 2-day intervals, and the median was plotted
with standard error bars. The green dashed line indicates themedian onset of coronavirus disease 2019 (COVID-19)
symptoms relative to the day of ultrasonography. D-dimer (A), fibrinogen (B), prothrombin time (C), partial
thromboplastin time (D), platelet count (E), C-reactive protein (CRP; F), and high-sensitivity troponin T (G).
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Table III. Relation of clinical and laboratory markers for venous thrombosis

Variable

Univariable Multivariable

OR 95% CI P value OR 95% CI P value

Age 1.00 0.98-1.03 .86 e e e

Male sex 2.64 1.19-5.84 .02 2.37 1.01-5.56 .048

Hypertension 0.81 0.39-1.65 .56 e e e

Hyperlipidemia 0.65 0.31-1.36 .25 e e e

Diabetes 0.94 0.46-1.94 .87 e e e

Tobacco (active user) 0.34 0.04-2.92 .33 e e e

Coronary artery disease 1.60 0.63-4.09 .33 e e e

Previous DVT or PE 1.24 0.34-4.49 .74 e e e

Respiratory disease 1.17 0.46-3.01 .74 e e e

Active malignancy 2.25 0.54-9.45 .27 e e e

DIC 3.89 0.89-17.08 .07 e e e

Admission laboratory markers

D-dimer, per 100-U increase 1.006 0.992-1.019 .41 e e e

Fibrinogen, per 100-U increase 1.046 0.792-1.382 .75 e e e

PT 1.084 0.970-1.211 .16 e e e

PTT 1.009 0.987-1.032 .40 e e e

Platelet count, per 1000-U increase 1.482 1.035-2.122 .03 1.252 0.832-1.882 .28

CRP, per 10-U increase 1.049 1.009-1.089 .02 1.040 0.998-1.082 .06

hs-Troponin T 1.000 0.998-1.002 .92 e e e

CI, Confidence interval; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; hs, high sensitivity; OR, odds
ratio; PE, pulmonary embolism; PT, prothrombin time; PTT, partial thromboplastin time.
Boldface P values represent statistical significance.
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multivariable analysis (HR, 1.01; 95% CI, 1.001-1.02; P ¼ .04;
Table IV). Male sex and intubation were independently
associated with an increased length of stay
(Supplementary Table IV, online only). On multivariable
analysis, the independent predictors of death included
increasing age (HR, 1.04; 95% CI, 1.00-1.07; P ¼ .04), active
malignancy (HR, 4.39; 95% CI, 1.39-13.91; P ¼ .01), DIC (HR,
4.81; 95% CI, 1.76-13.1; P ¼ .002), and elevated admission D-
dimer (HR, 1.016; 95% CI, 1.003-1.029; P ¼ .02). An elevated
admission CRP showed a trend toward an increased risk
of death; however, the difference was not statistically
significant (Table V). VTE was not associated with an
increased length of stay or death.

DISCUSSION
The primary findings of the present study were as

follows. First, the incidence of VTE in COVID-19 patients
undergoing ultrasonography or CTPA because of clinical
suspicion was 32% despite thrombosis prophylaxis. Sec-
ond, the median time from COVID-19 symptom onset
to the diagnosis of VTE was 13.5 days. Third, male sex
and elevated admission CRP and platelet count were
associated with VTE on univariable analysis. However,
only male sex remained significantly associated onmulti-
variable analysis. Fourth, older age, active malignancy,
DIC, and elevated D-dimer at admission were indepen-
dently associated with death. Finally, VTE was not
associated with an increased length of stay or death.
Studies of VTE rates in critically ill patients before the
COVID-19 pandemic reported an incidence of 16%on clin-
ically indicated imaging studies26 and from 8% to 37% for
prospectively screened patients regardless of symp-
toms.27-29 Recent studies have suggested that hospital-
ized COVID-19 patients have an increased predisposition
to thrombotic events, with an incidence ranging from
20% to 36% in the subset undergoing clinically indicated
imaging.13-18 In a more general cohort of COVID-19 pa-
tients, the VTE incidence was reported to be 4.8%.9 How-
ever, the incidence was reported as high as 85% in those
undergoing ultrasound screening examinations regard-
less of clinical suspicion.30 In an Italian cohort of ICU and
general ward patients, 16 of 44 patients (36%)whohad un-
dergone clinically indicated imaging studies were found
tohave VTE.13 Another study of 198patients demonstrated
a20% incidenceofVTE in ICUandgeneralwardpatients.15

A third study of 184 patients admitted to the ICU reported
a 27% incidence of VTE.14 Thenumber of patientswhohad
undergone imaging studies was not explicitly reported in
either of the latter two studies. Finally, an 85% incidenceof
lower extremity DVTwas reported in a study of 48 patients
with severe COVID-19 admitted to the ICU who had
undergone lower extremity ultrasound screening at least
twice, regardless of symptoms.30

We specifically investigated patients who had under-
gone imaging studies because of clinical suspicion and



Table IV. Relation of clinical and admission laboratory markers for invasive mechanical ventilation

Variable

Univariable Multivariable

HR 95% CI P value HR 95% CI P value

Age 1.00 0.99-1.02 .84 e e e

Male sex 0.94 0.60-1.47 .79 e e e

Hypertension 1.05 0.69-1.60 .81 e e e

Hyperlipidemia 0.87 0.57-1.32 .52 e e e

Diabetes mellitus 0.97 0.64-1.47 .88 e e e

Active tobacco use 2.47 0.98-6.20 .054 2.06 0.72-5.87 .18

Coronary artery disease 0.95 0.50-1.79 .87 e e e

Previous DVT or PE 1.33 0.53-3.30 .54 e e e

Respiratory disease 1.28 0.68-2.41 .45 e e e

Active malignancy 1.60 0.64-3.97 .31 e e e

DIC 1.75 0.80-3.80 .16 e e e

Admission laboratory markers

D-dimer, per 100-U increase 1.011 1.004-1.017 .001 1.010 1.001-1.020 .04

Fibrinogen, per 100-U increase 1.151 1.000-1.324 .049 e e e

PT 1.027 0.984-1.071 .23 e e e

PTT 1.007 1.001-1.014 .028 1.004 0.99-1.02 .56

Platelet count, per 1000-U increase 2.951 0.245-35.630 .39 e e e

CRP, per 10-U increase 1.000 0.980-1.020 .90 e e e

hs-Troponin T 1.000 0.999-1.000 .51 e e e

CI, Confidence interval; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; HR, hazard ratio; hs, high
sensitivity; PE, pulmonary embolism; PT, prothrombin time; PTT, partial thromboplastin time.
Boldface P values represent statistical significance.
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found an overall incidence of any VTE of 32%. The overall
incidence was similar to that from previous studies
despite the longer median follow-up (40 days vs
7 days,14 7 days,15 10 days,13 and 12 days17). The added
context of our observation that the median time from
COVID-19 symptom onset to a positive diagnosis of VTE
was 13.5 days raises the possibility that the risk of throm-
botic events peaks at w2 weeks after symptom onset.
The caveat in comparing these studies, however, is that
the proportion of patients still hospitalized and remain-
ing at risk of VTE varied considerably: 1.4% in the present
study vs 6.7%,13 8%,15 10%,17 and 76%.14 Nevertheless, the
results from the present study, and from previous studies,
together suggest a lower threshold of clinical suspicion
for VTE in these patients might be indicated, especially
in the second and third weeks after COVID-19 symptom
onset.
The propensity for thromboembolic events in COVID-19

patients is mirrored by the abnormal hematologic and
coagulation markers indicating an induced hypercoagu-
lable state. At least one previous study has shown an
independent association of an elevated white blood
cell count, neutrophil/lymphocyte ratio, and D-dimer
with VTE.15 In another study, coagulopathy, defined by
the investigators as a prolongation of PT of >3 seconds
or aPTT of >5 seconds, was associated with an adjusted
HR of 4.1 (95% CI, 1.9-9.1) for thrombotic events.14 In our
study, a higher maximum and day-of-ultrasound aPTT
were attributed to the initiation of therapeutic anticoa-
gulation after VTE was diagnosed. However, on univari-
able analysis, we observed an association of elevated
admission CRP and platelet count with subsequent
VTE, and the D-dimer level was not associated. Although
the admission CRP and platelet count did not remain
associated on multivariable analysis, suggesting that
male sex (which remained significant) affects these labo-
ratory variables, we found a trend toward significance for
admission CRP on multivariable analysis (P ¼ .06). Larger
studies might be better poised to investigate this signal.
Although only eight patients in our study had met the
International Society of Thrombosis and Haemostasis
criteria for consumptive coagulopathy, elevated
admission D-dimer and DIC during hospitalization were
independently associated with death, consistent with
previous studies.7,8,13

Severe and fatal manifestations of COVID-19 are charac-
terized by a dysregulated inflammatory response that
potentially leads to DIC, acute respiratory distress syn-
drome, and multiorgan failure.2,3,6 These overwhelming
inflammatory reactions are often accompanied by
marked elevations in factors such as the erythrocyte
sedimentation rate, interleukin-1b, interleukin-6, tumor
necrosis factor-a, and CRP.2,31 Elevated admission D-
dimer was not associated with venous thrombosis in



Table V. Relation of clinical and admission laboratory markers for death

Variable

Univariable Multivariable

HR 95% CI P value HR 95% CI P value

Age 1.04 1.01-1.07 .01 1.04 1.00-1.07 .04

Male sex 0.99 0.40-2.45 .99 e e e

Hypertension 1.64 0.71-3.80 .25 e e e

Hyperlipidemia 1.11 0.49-2.54 .80 e e e

Diabetes 1.17 0.51-2.67 .71 e e e

Active tobacco use 0.00 0.00-Inf 1.00 e e e

Coronary artery disease 1.88 0.73-4.81 .19 e e e

Previous DVT or PE 1.64 0.38-7.02 .51 e e e

Respiratory disease 0.67 0.19-2.40 .54 e e e

Active malignancy 6.46 2.37-17.65 .0003 4.39 1.39-13.91 .01

Venous thrombosis 1.46 0.64-3.33 .37 e e e

Invasive mechanical ventilation 0.40 0.12-1.32 .13 e e e

DIC 4.36 1.38-13.74 .01 4.81 1.76-13.10 .002

Admission laboratory markers

D-dimer, per 100-U increase 1.014 1.002-1.025 .02 1.016 1.003-1.029 .02

Fibrinogen, per 100-U increase 1.185 0.756-1.859 .46 e e e

PT 1.069 0.968-1.180 .19 e e e

PTT 0.991 0.970-1.013 .42 e e e

Platelet count, per 1000-U increase 3.558 0.030-4.275 .60 e e e

CRP 1.030 0.998-1.070 .07 e e e

hs-Troponin T 1.000 0.997-1.002 .85 e e e

CI, Confidence interval; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; HR, hazard ratio; hs, high
sensitivity; PE, pulmonary embolism; PT, prothrombin time; PTT, partial thromboplastin time.
Boldface P values represent statistical significance.
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our study but was independently associated with the
need for mechanical ventilation and death. These results
suggest that D-dimer expression might be more reflec-
tive of the overall disease severity than as a specific risk
for venous thrombosis in patients with COVID-19, an
observation consistent with previous studies document-
ing elevated CRP and D-dimer in SARS-CoV-2 infection,
with further elevations in those with severe COVID-
19.2,5,19 CRP is also one of several laboratory abnormalities
associated with the severity of lung injury32 and lung
lesions33 in COVID-19 patients.
The present study had several limitations. First, we

used a retrospective design, which contributed to the
variable laboratory data as dictated by the standard of
care assessment during hospitalization. In the context
of attempting to mitigate exposure of healthcare
workers, we also acknowledge that shifting clinical
thresholds for ordering ultrasound scans could have
affected the number and characteristics of the patients
who had undergone imaging studies.34 A prospective
study design mandating standardized collection inter-
vals would alleviate these limitations. Second, because
our primary hypotheses were specifically focused on
the features of suspected VTE in the setting of SARS-
CoV-2 infection, we did not include COVID-19epositive
patients who had not undergone imaging studies.
Therefore, we do not know the true incidence of VTE in
all COVID-19 patients. Also, whether the findings from
the present study are applicable to a more generalized
population of COVID-19 patients remains unaddressed.
However, to the best of our knowledge, the present
study is one of the largest cohorts to date of COVID-19
patients with imaging studies for VTE available. Third,
the follow-up period was limited to hospitalization
only; therefore, we do not know whether COVID-19
patients will remain at an elevated risk of VTE after
discharge. However, in a recent retrospective study eval-
uating the postdischarge rate of thrombosis in patients
with COVID-19, the cumulative incidence of VTE alone
at day 30 after discharge was 0.6% (95% CI, 0.1%-
4.6%).35 In our study, only 1.4% of patients remained hos-
pitalized at the end of the data collection period. There-
fore, those remaining at risk of VTE and other events was
very low. Given the acute nature of the COVID-19
pandemic and the need for rapidly improved under-
standing of the disease, additional analyses of long-
term postdischarge events are needed. However, the
median length of follow-up in our study of hospitalized
patients was considerably longer than that reported by
similar previous studies.13-15
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CONCLUSIONS
The incidence of VTE in hospitalized COVID-19 patients

undergoing imaging studies was 32%, and the median
time from symptom onset to the diagnosis of VTE was
13.5 days. Male sex and elevated CRP and platelet count
at admission were associated with VTE on univariable
analysis. However, only male sex remained significantly
associated on multivariable analysis. Elevated D-dimer
at admission was independently associated with intuba-
tion and death in these patients, and older age, active
malignancy, and DIC were also independently associated
with death. These results might reflect the hypercoagula-
ble and inflammatory nature of SARS-CoV-2 infection
and, if confirmed by larger prospective studies, suggest
the potential role of laboratory-based markers in the
assessment of adverse outcomes for patients with
COVID-19.
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Supplementary Fig (online only). Study flowchart
showing study design, inclusion and exclusion criteria, and
outcomes. COVID-19, Coronavirus disease 2019; CTPA,
computed tomography pulmonary angiography; EMR,
electronic medical record.
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Supplementary Table I (online only). Trends in laboratory values over time

Variable

Trend over time VTE vs no VTE

b-Coefficient 95% CI P value b-Coefficient 95% CI P value

D-dimer, per 100-U increase �107.9 �211.6 to �4.17 .04 1108.5 693.6-1523.4 <.0001

Fibrinogen, per 100-U increase 1.27 �15.31 to 17.85 .88 13.71 �52.61 to 80.0 .68

PT �0.01 �0.12 to 0.10 .88 0.45 0.03-0.88 .04

PTT 2.02 0.002-4.05 .05 5.20 �2.90 to 13.30 .21

Platelet count, per 1000-U increase 11.45 �4.68 to 27.58 .16 50.99 �10.08 to 112.05 .10

CRP, per 10-U increase 2.59 �2.43 to 7.62 .31 69.18 49.09-89.27 <.0001

hs-Troponin T 0.13 �1.59 to 1.86 .88 �3.07 �9.97 to 3.82 .38

CI, Confidence interval; CRP, C-reactive protein; hs, high sensitivity; PT, prothrombin time; PTT, partial thromboplastin time, VTE, venous
thromboembolism.
Boldface P values represent statistical significance.

Supplementary Table II (online only). Laboratory values stratified by venous thrombosis

Laboratory marker

Venous thrombosis

P valueYes (n ¼ 44) No (n ¼ 94)

Admission

D-dimer, ng/mL 1854 (926-4000) 1274 (834.5-2787) .13

Fibrinogen, mg/dL 674 (495.5-775.75) 615 (516.5-725.5) .52

PT, seconds 14.4 (13.8-15.5) 14 (13.2-15) .21

PTT, seconds 34.1 (30.9-38.6) 34.3 (32-38.8) .78

Platelet count, �103/mL 225.5 (176-320) 208.5 (161-254.25) .052

CRP, mg/L 158.9 (99.9-245.7) 132.5 (58.8-161.9) .03

hs-Troponin T, ng/L 15 (0-33) 14 (6-38) .73

Ultrasound day

D-dimer, ng/mL 4000 (2605.5-6546) 2800 (1276-5017) .03

Fibrinogen, mg/dL 618 (512-768) 645 (541.5-767.5) .54

PT, seconds 15.8 (14.8-17.1) 14.7 (14-16) .02

PTT, seconds 74.1 (35.3-135.2) 37.3 (32.3-43.8) .01

Platelet count, �103/mL 259 (214-387) 266 (199.25-344.75) .48

CRP, mg/L 120.8 (67-170.7) 64 (26.2-127) .01

hs-Troponin T, ng/L 31 (10-47) 23 (11-40) .77

Maximum

D-dimer, ng/mL 4704 (4000-7970.5) 3426 (2074.5-6972) .007

Fibrinogen, mg/dL 696 (552-891) 690 (576.25-875.25) 1.00

PT, seconds 16.4 (14.9-18) 15.35 (14.43-17) .03

PTT, seconds 82.6 (48.2-150) 43.4 (36.83-83.23) .004

Platelet count, �103/mL 344 (252.25-505.25) 332 (225-421) .13

CRP, mg/L 212.6 (140.8-285.2) 144.8 (68.6-238.2) .01

hs-Troponin T, ng/L 31 (14-77) 26 (11-50) .18

Minimum

Fibrinogen, mg/dL 549 (468-672) 551.5 (429.8-718) .84

Platelet count, �103/mL 216.5 (159.5-328.25) 202 (149-279) .42

CRP, C-reactive protein; hs, high sensitivity; PT, prothrombin time; PTT, partial thromboplastin time.
Data presented as median (interquartile range). Boldface P values represent statistical significance.
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Supplementary Table III (online only). Relation of laboratory markers for venous thrombosis

Laboratory marker OR 95% CI P value

Ultrasound scan day

D-dimer, per 100-U increase 1.014 0.997-1.032 .11

Fibrinogen, per 100-U increase 0.914 0.694-1.204 .52

PT 0.995 0.976-1.015 .63

PTT 1.022 1.008-1.037 .002

Platelet count, per 1000-U increase 1.072 0.810-1.420 .63

CRP, per 10-U increase 1.062 1.000-1.12 .049

hs-Troponin T 1.000 0.997-1.003 .96

Maximum

D-dimer, per 100-U increase 1.010 0.998-1.022 .11

Fibrinogen, per 100-U increase 0.991 0.857-1.147 .91

PT 0.997 0.985-1.010 .67

PTT 1.012 1.002-1.022 .02

Platelet count, per 1000-U increase 1.193 0.936-1.519 .15

CRP, per 10-U increase 1.046 1.005-1.087 .03

hs-Troponin T 1.000 0.999-1.002 .72

Minimum

Fibrinogen, per 100-U increase 0.950 0.784-1.150 .60

Platelet count, per 1000-U increase 1.114 0.816-1.520 .50

CI, Confidence interval; CRP, C-reactive protein; hs, high sensitivity; OR, odds ratio; PT, prothrombin time; PTT, partial thromboplastin time.
Boldface P values represent statistical significance.
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Supplementary Table IV (online only). Relation of clinical and admission laboratory markers to length of stay

Variable

Univariable Multivariable

b-Coefficient 95% CI P value b-Coefficient 95% CI P value

Age �0.10 �0.35 to 0.15 .42 e e e

Male sex 9.54 2.23-16.84 .01 9.92 0.32-19.53 .047

Hypertension �2.27 �9.60 to 5.06 .54 e e e

Hyperlipidemia �2.39 �9.77 to 5.00 .53 e e e

Diabetes mellitus 4.81 �2.53 to 12.14 .20 e e e

Active tobacco use �3.84 �20.50 to 12.83 .65 e e e

Coronary artery disease �0.61 �10.62 to 9.40 .90 e e e

Previous DVT or PE �8.61 �22.05 to 4.83 .21 e e e

Respiratory disease 2.49 �7.33 to 12.30 .62 e e e

Active malignancy �8.33 �23.93 to 7.28 .30

Venous thrombosis 3.18 �4.66 to 11.03 .43 e e e

Invasive mechanical ventilation 26.82 20.50-33.15 <.0001 27.16 16.00-38.32 <.0001

DIC �1.43 �17.09 to 14.24 .86 e e e

Admission laboratory marker

D-dimer, per 100-U increase �0.04 �0.18 to 0.10 .58 e e e

Fibrinogen, per 100-U increase 0.48 �2.39 to 3.35 .74 e e e

PT �1.07 �2.26 to 0.13 .08 e e e

PTT 0.33 0.08-0.58 .01 0.43 0.20-0.66 .0005

Platelet count, per 1000-U increase �2.79 �6.42 to 0.84 .13 e e e

CRP 0.36 �0.08 to 0.75 .07 e e e

hs-Troponin T 0.00 �0.02 to 0.03 .68 e e e

CI, Confidence interval; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; hs, high sensitivity; PT, prothrombin time; PTT, partial
thromboplastin time.
Boldface P values represent statistical significance.
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