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ABSTRACT
Objective: We assessed the incidence of deep vein thrombosis (DVT) and pulmonary embolism (PE) in hospitalized
patients with coronavirus disease 2019 (COVID-19) compared with that in a matched cohort with similar cardiovascular
risk factors and the effects of DVT and PE on the hospital course.

Methods: We performed a retrospective review of prospectively collected data from COVID-19 patients who had been
hospitalized from March 11, 2020 to September 4, 2020. The patients were randomly matched in a 1:1 ratio by age, sex,
hospital of admission, smoking history, diabetes mellitus, and coronary artery disease with a cohort of patients without
COVID-19. The primary end point was the incidence of DVT/PE and the odds of developing DVT/PE using a conditional
logistic regression model. The secondary end point was the hospitalization outcomes for COVID-19 patients with and
without DVT/PE, including mortality, intensive care unit (ICU) admission, ICU stay, and length of hospitalization (LOH).
Multivariable regression analysis was performed to identify the variables associated with mortality, ICU admission,
discharge disposition, ICU duration, and LOH.

Results: A total of 13,310 patients had tested positive for COVID-19, 915 of whom (6.9%) had been hospitalized across our
multisite health care system. The mean age of the hospitalized patients was 60.8 6 17.0 years, and 396 (43.3%) were
women. Of the 915 patients, 82 (9.0%) had had a diagnosis of DVT/PE confirmed by ultrasound examination of the ex-
tremities and/or computed tomography angiography of the chest. The odds of presenting with DVT/PE in the setting of
COVID-19 infection was greater than that without COVID-19 infection (0.6% [5 of 915] vs 9.0% [82 of 915]; odds ratio [OR],
18; 95% confidence interval [CI], 8.0-51.2; P < .001). The vascular risk factors were not different between the COVID-19
patients with and without DVT/PE. Mortality (P ¼ .02), the need for ICU stay (P < .001), duration of ICU stay (P < .001),
and LOH (P < .001) were greater in the DVT/PE cohort than in the cohort without DVT/PE. On multivariable logistic
regression analysis, the hemoglobin (OR, 0.71; 95% CI, 0.46-0.95; P ¼ .04) and D-dimer (OR, 1.0; 95% CI, 0.33-1.56; P ¼ .03)
levels were associated with higher mortality. Higher activated partial thromboplastin times (OR, 1.1; 95% CI, 1.00-1.12;
P ¼ .03) and higher interleukin-6 (IL-6) levels (OR, 1.0; 95% CI, 1.01-1.07; P ¼ .05) were associated with a greater risk of ICU
admission. IL-6 (OR, 1.0; 95% CI, 1.00-1.02; P ¼ .05) was associated with a greater risk of rehabilitation placement after
discharge. On multivariable gamma regression analysis, hemoglobin (coefficient, �3.0; 95% CI, 0.03-0.08; P ¼ .005) was
associated with a prolonged ICU stay, and the activated partial thromboplastin time (coefficient, 2.0; 95% CI, 0.003-0.006;
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P ¼ .05), international normalized ratio (coefficient, �3.2; 95% CI, 0.06-0.19; P ¼ .002) and IL-6 (coefficient, 2.4; 95% CI,
0.0011-0.0027; P ¼ .02) were associated with a prolonged LOH.

Conclusions: A significantly greater incidence of DVT/PE occurred in hospitalized COVID-19epositive patients compared
with a noneCOVID-19 cohort matched for cardiovascular risk factors. Patients affected by DVT/PE were more likely to
experience greater mortality, to require ICU admission, and experience prolonged ICU stays and LOH compared with
COVID-19epositive patients without DVT/PE. Advancements in DVT/PE prevention are needed for patients hospitalized
for COVID-19 infection. (J Vasc Surg Venous Lymphat Disord 2021;9:1361-70.)

Keywords: COVID-19; Deep venous thrombosis; Hospitalized COVID-19 patients; Pulmonary embolism
Since the emergence of the coronavirus disease 2019
(COVID-19) pandemic, multiple studies have been
reported on the high incidence of deep vein thrombosis
(DVT) and pulmonary embolism (PE) in these patients.1-5

In response to the surge in ultrasound usage in hospitals
overwhelmed by the pandemic, recommendations were
made regarding screening for DVT/PE and anticoagula-
tion strategies for patients with positive test results for
DVT/PE.6,7 We investigated our institution’s experience
with managing the pandemic. The primary goal of the
present study was to assess the incidence of DVT and
PE in patients hospitalized for COVID-19 infection and
to compare the incidence with that in a noneCOVID-19
cohort, matched for cardiovascular risk factors. Our
secondary aim was to study the effects of DVT/PE on
the hospital course and early outcomes.

METHODS
Patient selection. The MC NEWS (Mayo Clinic neurolog-

ical, vascular and neurovascular events with severe acute
respiratory syndrome coronavirus 2 [SARS-CoV-2]) study
(institutional review board approval no. 20-003457) is a
prospectively collected, retrospective study of all patients
affected by the COVID-19 pandemic identified within the
three major campuses of Mayo Clinic and the Mayo
Clinic Health System, including hospitals in Arizona,
Florida, Minnesota, and Wisconsin. Using the shared
electronic medical record system (Epic, Verona, Wis), we
identified all patients from March 11, 2020 to September
4, 2020 who had tested positive for SARS-CoV-2 using
polymerase chain reaction or serology testing and those
patients who had been transferred from other facilities to
the Mayo Clinic with the COVID-19 diagnosis. From this
cohort, the patients who had required hospitalization for
SARS-CoV-2 infection were included in our study. To
ensure accuracy in the data collection and validity of the
cohort, four methods of patient selection were used.
First, we identified those patients testing positive for
SARS-CoV-2 using Epic (Verona, Wis), which provided
hospitalization information. Second, we cross-checked
the patients’ unique identifiers and their inpatient
status after March 11, 2020 using a natural language
processing method (Advanced Cohort Explorer) devel-
oped by Mayo Clinic. Third, we matched the patients’
unique identifiers with the hospital discharge data,
which are separately managed by our office of quality
management services. Finally, the hospital medical
records for each of our patients were manually reviewed
to ensure that the hospitalization had been required for
SARS-CoV-2 infection. The Mayo Clinic institutional re-
view board and the COVID-19 task force reviewed and
approved the study protocol. Written informed consent
from the included patients was not required owing to
the minimal risk nature of the present study.

Calculation of incidence of DVT/PE and matched
controls. We reviewed each patient’s hospitalization
records, including documentation of venous duplex
ultrasound of the upper or lower extremities. Data
regarding the presence or absence of DVT were
abstracted. Additionally, we reviewed the records for
the use of computed tomography angiography (CTA)
and recorded the presence or absence of PE. The rate
of DVT/PE was calculated using the total number of hos-
pitalized COVID-19 patients as the denominator. Our
study group underwent random matching in a 1:1 ratio
with patients hospitalized from January 1, 2019 to
December 31, 2019, controlling for the following variables:
age, sex, hospital of admission, smoking history, diabetes,
and coronary artery disease. This matching was facili-
tated by the office of quality management services. The
odds ratios (ORs) for an association with DVT/PE were
examined using a conditional logistic regression model,
and the ORs for a diagnosis of DVT/PE during hospitali-
zation and the corresponding 95% confidence intervals
(CI) were estimated. The intent of our matching was to
provide objective comparisons regarding the incidence
of DVT/PE between our study population and a compa-
rable control cohort before the pandemic. We did not
match for a history of DVT/PE or the presence of
thrombophilia.

Outcomes assessment among COVID-19 patients with
and without DVT/PE. We collected the demographic
data, pertinent medical history, and vital signs at admis-
sion; laboratory values at admission and when first
measured during hospitalization; and hospital course,
including requirement for intensive care unit (ICU), ICU
stay, length of hospitalization (LOH), and disposition at
discharge from hospitalization (up to September 4,



ARTICLE HIGHLIGHTS
d Type of Research: A retrospective analysis of pro-
spectively collected data for a multisite health care
system review

d Key Findings: The incidence of deep vein thrombosis
(DVT) and pulmonary embolism (PE) in 915 hospital-
ized patients with coronavirus disease 2019 (COVID-
19) was 9.0%, greater than the 0.6% incidence in
thematched noneCOVID-19 cohort (P < .01). Patients
with COVID-19 who developed DVT/PE had greater
mortality (P ¼ .02), more intensive care unit (ICU) ad-
missions (P < .01), a longer ICU stay (P < .001), and
longer hospitalization (P < .001) compared with hos-
pitalized COVID-19 patients without DVT/PE.

d Take Home Message: Hospitalized patients with
COVID-19 had a greater risk of developing DVT/PE
compared with patients without COVID-19. The
occurrence of DVT/PE in patients with COVID-19
was associated with greater mortality and prolonged
ICU and hospital stays.
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2020, the end of data collection). Disposition at
discharge was characterized as discharged to home
and/or a rehabilitation facility, continued hospitalization,
or death. We applied multivariable regression models to
determine the associations with mortality, ICU require-
ment, discharge disposition, length of ICU stay, and LOH.

Statistical analysis. Tests of statistical significance for
univariate comparisons of demographics and baseline
patient risk factors were conducted using the Pearson
c2 test or the Fisher exact test for categorical variables
and the Kruskal-Wallis test for continuous variables.
Descriptive statistics are presented as the mean 6 stan-
dard deviation for continuous variables and frequencies
and percentages for categorical variables. Multivariable
logistic regression analysis was used to assess for the
association with mortality, ICU requirement, and reha-
bilitation requirement after hospital discharge. A gamma
regression model was used to assess the associations for
ICU duration and LOH. We controlled for patient age and
sex in both models. The variables tested included white
blood cell count, hemoglobin (Hb), platelet count, acti-
vated partial thromboplastin time (aPTT), international
normalized ratio (INR), D-dimer, interleukin-6 (IL-6), and
procalcitonin levels. Differences were considered signifi-
cant at P < .05. All statistical analyses were performed
using SAS statistical software, version 9.4 (SAS Institute,
Cary, NC).
RESULTS
Incidence of DVT/PE and conditional logistic regres-

sion. From March 11, 2020 to September 4, 2020, 13,310
patients had tested positive for SARS-CoV-2. Of the
13,310 patients, 915 (6.9%) had required hospitalization for
COVID-19. Their mean age was 60.8 6 17.0 years, and 396
patients (43.3%) were women. Of the 915 hospitalized
patients, 82 (9.0%) had had a diagnosis DVT/PE that was
confirmed by findings from appropriate imaging studies,
including venous duplex ultrasound of the extremities
and/or CTA of the chest. The monthly distribution of
hospitalizations and patients with DVT/PE is shown in
Fig 1. The baseline characteristics for which the 915 pa-
tients were matched were age, sex, hospital of admission,
smoking history, diabetes mellitus, and coronary artery
disease. The results from the conditional logistic
regression analysis are also with Table I. DVT/PE was
identified in 82 of the 915 hospitalized patients
with COVID-19 (9.0%) at a mean point after admission of
13.1 6 19.9 days and in 5 of 915 matched control hospi-
talized patients without COVID-19 (0.6%; OR, 18; 95% CI,
8.0-51.2; P < .0001). The DVT locations are presented in
Supplementary Table I (online only). Although race and
ethnicity data were collected, these did not play a role in
terms of the risk of DVT/PE (Supplementary Table II,
online only). Although we did not match for a history of
DVT/PE in each compared cohort, 42 patients had had
DVT/PE in the COVID-19epositive group and 69 patients
had had DVT/PE in the noneCOVID-19 group. In addition,
two patients in the COVID-19 group and seven in the
noneCOVID-19 group had a history of thrombophilia.

Outcomes among COVID-19 patients stratified by DVT/
PE. The baseline patient demographic data and medical
history were not different among the COVID-19 patients
with and without DVT/PE, including age (P ¼ .764) and
sex (P ¼ .485; Table II). The Hb level was significantly
lower (P ¼ .022) and the white blood cell count (P < .001)
and platelet count (P ¼ .002) were significantly higher in
the patients with DVT/PE. The proportion of patients who
required intubation (P ¼ .015) and the proportion with
two or more systemic inflammatory response syndrome
criteria (P ¼ .010) were also significantly greater in the
DVT/PE cohort. The prothrombin time (P ¼ .006), aPTT
(P ¼ .025), INR (P ¼ .003), D-dimer (P < .001), probrain
natriuretic peptide (P < .001), IL-6 (P ¼ .002), and pro-
calcitonin (P ¼ .005) were also significantly higher in the
DVT/PE cohort. All patients with a diagnosis of DVT/PE
were treated with therapeutic anticoagulation in the
form of weight-based intravenous heparin during
hospitalization and a direct-acting oral anticoagulant
after hospital discharge (Table II).
Mortality (P ¼ .02), an ICU requirement (P < .001), dura-

tion of ICU stay (P < .001), and LOH (P < .001) were
greater in the DVT/PE cohort. The discrepancy noted
mortality and the number of patients dying in the hospi-
tal resulted from the number of patients who had not
died in hospital but had been to hospice care. A greater
proportion of patients in the DVT/PE cohort had been
discharged to a rehabilitation facility (P ¼ .001). On



Table I. Baseline patient characteristics stratified by COVID-19a

Characteristic
NoneCOVID-19 matched

controlsb (n ¼ 915)
COVID-19epositive
patients (n ¼ 915) P value

DVT/PE diagnosis 5 (0.6) 82 (9.0) <.0001

Age, years 62 (50.0-73.0) 62 (50.0-73.0) .934

Male sex 520 (56.8) 520 (56.8) 1.000

Hospital admission 1.000

Arizona campus 317 (34.6) 317 (34.6)

Florida campus 172 (18.8) 172 (18.8)

Wisconsin and Minnesota 189 (20.7) 189 (20.7)

Rochester campus 237 (25.9) 237 (25.9)

Diabetes mellitus 324 (35.4) 325 (35.4) 1.000

Coronary artery disease 119 (13.0) 119 (13.0) 1.000

Variables accounted for but not
matched

History of DVT/PE 69 (7.5) 42 (4.6) .01

History of thrombophilia 7 (0.77) 2 (0.22) .18

COVID-19, Coronavirus disease 2019; DVT, deep vein thrombosis; PE, pulmonary embolism.
Data presented as number (%) or median (interquartile range).
aConditional logistic regression analysis: variable, DVT/PE; level, positive vs negative severe acute respiratory syndrome coronavirus 2 status;
Pr>c2, <0.0001; odds ratio, 18.0; 95% confidence interval, 8.0-51.2.
bControls matched for age, sex, hospital location, diabetes mellitus, and coronary artery disease.

Fig 1. Monthly distribution in 2020 of hospitalized patients with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection and diagnosed with deep vein thrombosis (DVT)/pulmonary embolism (PE) (with
respective percentages). The incidence of DVT/PE among patients with SARS-CoV-2 did not change significantly
across the months reviewed.
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Table II. Demographic and clinical characteristics of COVID-19epositive patients stratified by DVT and PE

Characteristic

DVT/PE

P valueNo (n ¼ 833) Yes (n ¼ 82)

Male sex 469 (56.3) 50 (61.0) .485

Age, years 61.0 (50.0-73.0) 61.5 (50.2-73.8) .764

Congestive heart failure 89 (10.7) 10 (12.2) .827

Hypertension 440 (52.9) 39 (47.6) .414

Coronary artery disease 108 (13.0) 11 (13.4) 1.000

Myocardial infarction 27 (3.3) 5 (6.2) .195

Diabetes mellitus 297 (35.8) 27 (32.9) .074

Chronic kidney disease 125 (15.0) 13 (15.9) .973

Peripheral vascular disease 33 (4.0) 2 (2.4) .784

Ischemic stroke 40 (4.8) 1 (1.2) .310

Transient ischemic attack 14 (1.7) 0 (0) .692

Intracerebral hemorrhage 2 (0.2) 0 (0) 1.000

Atrial fibrillation 116 (10.0) 11 (13.4) .310

Hyperlipidemia 337 (40.6) 32 (39.0) .873

Antihypertensive medication 403 (50.8) 33 (43.4) .359

Lipid-lowering medication 328 (41.2) 23 (30.3) .148

Antiplatelet medication 250 (31.5) 15 (19.7) .076

CHA2DS2VASc score 2.00 (1.00-3.00) 2.00 (1.00-3.00) .299

Endotracheal mechanical ventilation 44 (6.0) 8 (15.7) .015

BMI, kg/m2 28.7 (25.2-35.3) 28.2 (25.3-34.6) .587

$2 criteria of SIRS 213 (23.3) 34 (45.3) .010

WBC count,a 109/L 6.30 (4.70-8.70) 8.40 (5.7-11.2) <.001

Hemoglobin, g/dL 13.1 (11.5-14.3) 12.4 (10.5-14.0) .022

Hematocrit, % 39.1 (35.2-42.8) 37.6 (32.5-42.2) .029

Platelet count,b 109/L 199 (151-255) 230 (168-304) .002

Albumin, g/dL 3.60 (3.20-3.90) 3.40 (2.98-3.80) .012

Creatinine, mg/dL 0.90 (0.73-1.21) 0.89 (0.75-1.29) .523

PT, seconds 13.3 (12.4-14.8) 14.3 (12.9-17.6) .006

aPTT, seconds 31.0 (29.0-35.0) 33.0 (30.0-54.0) .025

INR 1.2 (1.10-1.30) 1.30 (1.10-1.50) .003

D-dimer,c ng/mL 675 (466-1141) 2112 (969-13,286) <.001

Ferritin,d mg/L 514 (226-968) 448 (238-1076) .927

C-reactive protein, mg/L 70.7 (34.0-128) 74.4 (41.7-159) .170

Probrain natriuretic peptide, pg/mL 230 (68.0-938) 754 (207-3155) <.001

Interleukin-6, pg/mL 17.9 (8.50-34.5) 25.1 (14.3-150) .002

Procalcitonin, ng/mL 0.15 (0.09-0.35) 0.23 (0.13-0.51) .005

Anticoagulation therapy 0 (0) 82 (100) NA

aPTT, Activated partial thromboplastin time; BMI, body mass index; CHA2DS2VASc, congestive heart failure, hypertension, age $75 years, diabetes
mellitus, stroke or transient ischemic attack, vascular disease, age 65-74 years, sex category; COVID-19, coronavirus disease 2019; DVT, deep vein
thrombosis; INR, international normalized ratio; NA, not applicable; PE, pulmonary embolism; PT, prothrombin time; SIRS, systemic inflammatory
response syndrome; WBC, white blood cell.
Data presented as number (%) or median (interquartile range).
aNormal range, 3.4-9.6 � 109/L.
bNormal range, 135-317 � 109/L.
cNormal range, #500 mg/mL.
dNormal range, 24-337 mg/L.
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multivariable logistic regression analysis, low Hb levels
(OR, 0.71; 95% CI, 0.46-0.95; P ¼ .04) and high D-dimer
levels (OR, 1.0; 95% CI, 0.33-1.56; P ¼ .03) were associated
with greater mortality. High aPTT (OR, 1.1; 95% CI, 1.00-1.12;
P ¼ .03) and IL-6 (OR, 1.0; 95% CI, 1.01-1.07; P ¼ .05) levels
were associated with a greater risk of ICU admission.
High IL-6 levels (OR, 1.0; 95% CI, 1.00-1.02; P ¼ .05) was
associated with a greater risk of discharge to a



Table III. Patient outcomes stratified by DVT and PE

Characteristic

DVT/PE

P valueNo (n ¼ 833) Yes (n ¼ 82)

Mortality 68 (8.2) 13 (15.9) .03

ICU admission 230 (27.6) 48 (58.5) <.001

ICU duration, days 6.00 (3.00-15.0) 17.0 (5.00-23.0) <.001

LOH, days 6.00 (4.00-10.0) 10.0 (7.00-23.8) <.001

Discharge disposition .001

Home 655 (78.6) 52 (63.4)

Rehabilitation facility 93 (11.2) 18 (22.0)

Died in hospital 50 (6.0) 6 (7.3)

Still hospitalized 35 (4.2) 4 (4.0)

DVT, Deep vein thrombosis; ICU, intensive care unit; LOH, length of hospitalization; PE, pulmonary embolism.
Data presented as number (%) or median (interquartile range).
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rehabilitation facility. On multivariable gamma
regression analysis, low Hb levels (coefficient, �3.0; 95%
CI, 0.03-0.08; P ¼ .005) was associated with a prolonged
ICU stay. High aPTT (coefficient, 2.0; 95% CI, 0.003-0.006;
P ¼ .05), INR (coefficient, �3.2; 95% CI, 0.06-0.19; P ¼ .002),
and IL-6 (coefficient, 2.4; 95% CI, 0.0011-0.0027; P ¼ .02)
levels were associated with a prolonged LOH (Tables III
and IV).

DISCUSSION
Multiple studies to date have reported a rate of DVT/PE

in hospitalized patients with COVID-19 of 25% to 58%.8-10

Within our multisite, single health care system, we found
a DVT/PE rate of 9.0%. Few comprehensive studies have
been reported regarding the incidence of DVT/PE in an
American health care system. In a similar review from a
Philadelphia hospital, Rali et al11 found a 17% incidence
of DVT/PE in COVID-19epositive patients. In New Orleans,
Hill et al reported a 7.2% rate of DVT/PE in COVID-19
patients requiring mechanical ventilation.12 In a recent
meta-analysis, Lu et al13 reported a high incidence of
21% venous thromboembolic events in SARS-CoV-2 hos-
pitalized patient population. Furthermore, Longchamp
et al14 reported a systematic assessment using ultra-
sound examinations of all patients in the ICU because
of SARS-Co-V-2 infection. They found a 32% rate of DVT
and 20% rate of PE, and all the patients received thera-
peutic anticoagulation. Finally, Edler et al15 reported in
their autopsy data of 80 patients, a high prevalence of
fulminant PE combined with a 40% prevalence of DVT.
Our review included all patients with COVID-19 who

had required hospitalization within our multisite health
care system. Our data provide an important perspective
on the incidence of DVT/PE in COVID-19 patients, in
part owing to our strategic geographic locations across
the United States. In our system, we have treated a large
cohort of SARS-CoV-2epositive patients; however, only
those who had required intensive treatment or closer
monitoring were hospitalized. Those with mild
symptoms were cared for by our connected care team
using a remote patient monitoring program.16 Hospital-
ized patients have the theoretical advantage of the early
diagnosis of DVT/PE owing to the daily monitoring for
signs and symptoms and the increased awareness of
hospital staff of the unusual parainfectious complica-
tions becoming apparent in this patient population.17

Our calculated rate of DV/PE was 9.0%, lower than that
reported in other studies.8-10,14 This could be related to
our aggressive management approach, which includes
prophylactic treatment of all hospitalized patients with
anticoagulation using 5000 U or 7500 U of heparin three
times daily according to the patient’s weight.18 It is also
possible that a less virulent mutation of the virus was pre-
sent in North America than in other parts of the world,
and differences exist in social behaviors and cultures
compared with other countries.19-21 These social differ-
ences were explored by Yamamoto and Bauer,21 who
provided evidence that the initial spread of COVID-19 dis-
ease in Europe was slowed by a more distanced social
behavior of greeting people such as in Asian countries.
However, comparing our study patients with a patient
cohort matched for age, sex, admission hospital,
diabetes mellitus, and coronary artery disease, we
observed a significantly greater risk of DVT/PE in patients
hospitalized with SARS-CoV-2 infection.
Our cohort of patients with and without DVT/PE was

similar in age, overall health risk factors, and cardiovascu-
lar comorbidities. However, the patients with DVT/PE had
a greater rate of mortality, required more frequent ICU
admission, and had both prolonged ICU and hospital
stays. The median LOH was 10 days for the patients
with DVT/PE compared with 6 days for the patients
without DVT/PE. Our results have confirmed that pa-
tients with COVID-19 are vulnerable to the development
DVT/PE, which contributes to the high morbidity and
mortality. Low Hb and high D-dimer levels were also
associated with a greater mortality risk. Regarding the
need for ICU and rehabilitation center admission, it



Table IV. Multivariable logistic regression analysis for ICU stay and gamma regression analysis for ICU stay and LOH for
DVT/PE

Variablea Pr>c2 OR 95% CI

Multivariable logistic regression

Mortality

Hb 0.04 0.71 0.46-0.95

D-dimer 0.03 1.0 0.33-1.56

aPTT 0.62 1.0 0.94-1.01

INR 0.84 1.1 0.33-1.60

IL-6 0.34 1.0 1.00-1.00

ICU stay

Hb 0.95 1.00 0.88-1.11

D-dimer 0.98 1.00 1.00-1.00

aPTT 0.03 1.1 1.00-1.12

INR 0.36 0.42 0.03-0.97

IL-6 0.05 1.0 1.00-1.07

Admission to rehabilitation facility

Hb 0.27 0.87 0.66-1.07

D-dimer 0.65 1.00 1.00-1.00

aPTT 0.38 1.02 1.00-1.07

INR 0.60 0.77 NA-1.24

IL-6 0.05 1.0 1.00-1.02

Multivariable gamma regression

ICU stay

Hb 0.005 �3.0 0.03-0.08

D-dimer 0.43 0.80 0.000012-0.000015

aPTT 0.78 0.23 0.00084-0.0030

INR 0.85 0.19 0.091-0.47

IL-6 0.78 0.29 0.0039-0.015

LOH

Hb 0.32 �1.0 0.02-0.02

D-dimer 0.87 �0.2 0.000002-0.000013

aPTT 0.05 2.0 0.003-0.006

INR 0.002 �3.2 0.06-0.19

IL-6 0.02 2.4 0.0011-0.0027

aPTT, activated partial thromboplastin time; CI, confidence interval; DVT, deep vein thrombosis; Hb, hemoglobin; ICU, intensive care unit; IL-6,
interleukin-6; INR, international normalized ratio; LOH, length of hospitalization; OR, odds ratio; PE, pulmonary embolism.
aAll variables were continuous.
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would seem that high IL-6 levels are associated with a
greater risk of more severe infection.22

Our multidisciplinary COVID-19 treatment review panel
identified the need for an evidence-based decision sup-
port tool to help guide anticoagulation therapy for this
complex patient population.18 This panel provides
continually updated therapeutic and research recom-
mendations for SARS-CoV-2epositive patients. Its
mission includes three main aspects: a refractory hypox-
emia algorithm, a thromboprophylaxis and therapeutic
anticoagulation algorithm, and general pharmacologic
management with antiviral and anti-inflammatory med-
ications in accordance with the currently recommended
guidelines.7 After general consensus was reached, the
latest (updated July 27, 2020) coagulopathy algorithm
protocol was developed (Fig 2). The protocol is updated
and/or discussed weekly across the campuses, especially
because of the pauses in clinical trials evaluating antico-
agulation therapy for all COVID-19epositive patients.23 In
general, the anticoagulation recommendations consider,
not only the presence or absence of DVT/PE, but also the
D-dimer and fibrinogen levels and thromboelastography
findings.
Our study found that low Hb and INR and elevated

aPTT and IL-6 were associated with prolonged ICU and
hospital stays. Evidence has suggested that higher levels
of inflammatory markers correlate with a greater risk of
death and a worse prognosis.24-27 A low Hb level has



Fig 2. Intensive care unit (ICU) algorithm for management of the hypercoagulable state in patients with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). @, At; aPTT, APTT, activated partial thromboplastin time;
BID, b.i.d., twice daily; BMI, body mass index; CBC, complete blood count; COVID, coronavirus disease 2019; CrCl,
creatinine clearance; CT, computed tomography; e-consult, electronic/virtual consultation; DVT, deep vein
thrombosis; ESRD, end-stage renal disease; GFR, glomerular filtration rate; HIT, heparin-induced thrombocyto-
penia; ICU, intensive care unit; labs, laboratory test results; LE, lower extremity; LFTs, liver function tests; LMWH, low-
molecular-weight heparin; NL, normal limit; PE, pulmonary embolism; p.o., oral; PT, prothrombin time; PTT, partial
thromboplastin time; q 12 hrs, every 12 hours; sc, subcutaneous; TEG, thromboelastography; TID, three times
daily; TPA, tissue plasminogen activator; UFH, unfractionated heparin; ULN, upper limit of normal; US, ultrasound
(examination); VTE, venous thromboembolism.
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been well studied as a factor prolonging ICU stays for
multiple groups of medical and surgical patients.28,29

At present, the body of evidence regarding COVID-19 is
in flux; therefore, we must monitor our patients’ progres-
sion during their hospitalization and after discharge. We
must remain open to multiple solutions to manage this
complex disease process. Further evidence is required
to understand and recommend the best model of care
for the hypercoagulable condition of patients with
COVID-19. As new data have emerged and we have
become more aware of the complicated hospitalizations
of all patients with COVID-19, our management protocols
have undergone multiple iterations to adjust for the hy-
percoagulable and possible coagulopathic state.
Our study had several limitations. The most important

was the retrospective nature of our analysis. Another
limitation was that we had to use historic controls to
define the incidence of DVT/PE because during the first
phase of the pandemic almost all hospital activity was
directed to COVID-19 patients and a sufficient number
of controls for appropriate matching was not available.
Second, in the electronic medical records, we do not
have access to the socioeconomic status of individual pa-
tients that could have made access to the health care
needed for the management of complications of
COVID-19 either possible or challenging. It is also very
possible that during the first few months of the
pandemic, awareness was lacking of the greater risk of
this patient population to DVT/PE; thus, we most likely
failed to diagnose all thromboembolic events that
occurred in patients with COVID-19.

CONCLUSIONS
We found a significantly greater incidence of DVT/PE in

hospitalized patients with COVID-19 than in matched
hospitalized patients without COVID-19. COVID-19 pa-
tients who develop DVT/PE during their hospitalization
have a greater risk of mortality, ICU admission, and
prolonged ICU and hospital stays. Our inpatient anticoa-
gulation prevention protocols were adjusted owing to
the greater incidence of DVT/PE. However, the number
of COVID-19 patients affected by DVT/PE has remained
high. Further studies analyzing each patient’s inflamma-
tory and procoagulant factors might be necessary to
establish the best management protocol for this high-
risk patient population.
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Supplementary Table I (online only). DVT location
(n ¼ 45)

DVT location No. (%)

Calf vein 17 (38)

Femoral vein 10 (23)

Popliteal vein 5 (11)

Axillary vein 5 (11)

Internal jugular vein 5 (11)

Brachial vein 1 (2)

External iliac vein 1 (2)

Subclavian vein 1 (2)

DVT, Deep vein thrombosis.

Supplementary Table II (online only). Multivariable
logistic regression analysis of race adjusting for risk of
DVT/PE

Racea Pr>c2 OR 95% CI

Black/African American 0.08 1.8 0.36-0.63

Native American/Hawaiian 0.15 1.4 0.43-0.62

Asian 0.64 0.5 0.23-0.49

Other 0.79 0.3 0.13-0.49

CI, Confidence interval; DVT, deep vein thrombosis; OR, odds ratio; PE,
pulmonary embolism.
aCategorical variable.
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