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ABSTRACT

Objective: Early reports suggest that patients with novel coronavirus disease-2019 (COVID-19) infection carry a significant
risk of altered coagulation with an increased risk for venous thromboembolic events. This report investigates the rela-
tionship of significant COVID-19 infection and deep venous thrombosis (DVT) as reflected in the patient clinical and
laboratory characteristics.

Methods: We reviewed the demographics, clinical presentation, laboratory and radiologic evaluations, results of venous
duplex imaging and mortality of COVID-19-positive patients (18-89 years) admitted to the Indiana University Academic
Health Center. Using oxygen saturation, radiologic findings, and need for advanced respiratory therapies, patients were
classified into mild, moderate, or severe categories of COVID-19 infection. A descriptive analysis was performed using
univariate and bivariate Fisher's exact and Wilcoxon rank-sum tests to examine the distribution of patient characteristics
and compare the DVT outcomes. A multivariable logistic regression model was used to estimate the adjusted odds ratio
of experiencing DVT and a receiver operating curve analysis to identify the optimal cutoff for b-dimer to predict DVT in
this COVID-19 cohort. Time to the diagnosis of DVT from admission was analyzed using log-rank test and Kaplan-Meier
plots.

Results: Our study included 71 unique COVID-19-positive patients (mean age, 61 years) categorized as having 3% mild,
14% moderate, and 83% severe infection and evaluated with 107 venous duplex studies. DVT was identified in 47.8% of
patients (37% of examinations) at an average of 5.9 days after admission. Patients with DVT were predominantly male
(67%; P = .032) with proximal venous involvement (29% upper and 39% in the lower extremities with 55% of the latter
demonstrating bilateral involvement). Patients with DVT had a significantly higher mean p-dimer of 5447 + 7032 ng/mL
(P = .0101), and alkaline phosphatase of 110 IU/L (P = .0095) than those without DVT. On multivariable analysis, elevated
p-dimer (P = .038) and alkaline phosphatase (P = .021) were associated with risk for DVT, whereas age, sex, elevated
C-reactive protein, and ferritin levels were not. A receiver operating curve analysis suggests an optimal p-dimer value of
2450 ng/mL cutoff with 70% sensitivity, 59.5% specificity, and 61% positive predictive value, and 68.8% negative pre-
dictive value.

Conclusions: This study suggests that males with severe COVID-19 infection requiring hospitalization are at highest risk
for developing DVT. Elevated p-dimers and alkaline phosphatase along with our multivariable model can alert the
clinician to the increased risk of DVT requiring early evaluation and aggressive treatment (J Vasc Surg Venous Lymphat
Disord 2021;9:605-14.)
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‘ W) Check for updates

Novel coronavirus disease-2019 (COVID-19), which is
caused by the severe acute respiratory syndrome novel
coronavirus-2, can present in mild, moderate, or severe
forms.! Patients who are admitted to either an inpatient

facility or to an intensive care unit tend to have moderate
to severe symptoms with shortness of breath progressing
to pneumonia requiring supportive respiratory therapy
with or without the need for multiorgan supportive
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therapy.? In a small number of patients, COVID-19 infec-
tion leads to cytokine surge, endothelial dysfunction
with an increase in acute phase reactants and inflamma-
tory markers resulting in coagulopathy. Increases in
p-dimer, fibrinogen, C-reactive protein, and ferritin levels
indicate the combination of a prothrombotic and hyper-
inflammatory state that may contribute to COVID-19-
associated severity of illness, morbidity, and mortality.>®

The objective of our report is to examine the select
group of patients who were admitted to our hospital
with COVID-19 infection and underwent venous duplex
ultrasound imaging. We report their characteristics in
the context of clinical severity and laboratory results.
This report examines mortality outcome and compari-
sons between the two cohorts of patients who were pos-
itive for COVID-19 but differed in the presence or absence
of deep venous thrombosis (DVT).

METHODS

The study was conducted in accordance with the
Declaration of Helsinki. The study was granted expedited
review status by Indiana University School of Medicine
-Institutional Review Board (IRB Protocol 2004249979).

Study cohort. All COVID-19-positive patients between
18 and 89 years of age admitted to the Academic Health
Center, Indiana University Health, and who had a duplex
examination of their venous system between March 15
and April 14, 2020, were included in this study. These
patients were admitted to either an inpatient or inten-
sive care unit of the hospital depending on the level of
the care required. Study patients were identified from In
Record Time (In Record Time, LLC. Fenton, Mich), our
vascular laboratory database that records and maintains
every noninvasive vascular imaging and interpretation in
the facility. Appropriate annotation of COVID-19 status
was made in the vascular database.

Patient and laboratory characteristics. Patient demo-
graphics consisted of age, sex, race, insurance status,
body mass index, smoking status, renal function with
need for renal replacement therapy, history of active or
remote cancer, use of immunosuppressive medications,
and history of any organ or hematopoietic transplanta-
tion were identified from patients records. Patients
were classified as mild or moderate severity of infection
depending on <94% or >94% oxygen saturation, respec-
tively. Severe category patients had in addition respira-
tory rate of >30, PaO,/FiO, of =300 mm Hg or need for
mechanical ventilation. Using medications charted in
Cerner, the hospital electronic medical records, docu-
mentation was made of the use of angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers, use and type of anticoagulation, hydroxy-
chloroquine, antiviral medications per hospital protocol
(remdesivir, lopinavir, ritonavir) used in treatment.
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ARTICLE HIGHLIGHTS

- Type of Research: Single-center, retrospective, non-
randomized cohort study

Key Findings: Seventy-one patients with novel
coronavirus disease-2019 had 107 venous duplex ex-
amination studies. Presence of deep venous throm-
bosis (DVT) was noted in 37% of examinations. The
majority of those who experienced DVT were male
(67%) with proximal DVT and had a significantly
elevated mean p-dimer (5447 ng/mL), alkaline phos-
phatase (110 IU/L). A pb-dimer cutoff 2450 ng/mL pro-
vided a 70.0% and 59.5% sensitivity and specificity.
Take Home Message: A model for calculating the
probability of DVT in patients with severe novel coro-
navirus disease-2019 can be developed that may
help identify risk for DVT. Based on our results, pa-
tients may need a higher dose of anticoagulation
therapy as most of our patients diagnosed with
DVT while on anticoagulation.

Laboratory variables in terms of serum hemoglobin, he-
matocrit, C-reactive protein (CRP), erythrocyte sedimen-
tation rate, platelets, serum fibrinogen levels (fibrinogen),
p-dimer, renal function test with blood urea nitrogen,
serum creatinine, liver function test results with aspartate
aminotransferase, alanine aminotransferase, alkaline
phosphatase, serum ferritin, serum procalcitonin, and
presence or absence of any abnormality on electrocar-
diography were recorded. For the purposes of reporting
the severity of COVID-19 infection and medication use,
they were recorded as =48 hours from the day of the
venous duplex examination.

Venous duplex examinations. All patients underwent

either upper and/or lower extremity venous duplex
ultrasound examination at the request of the treat-
ing physicians. Patients had imaging of either one
or all four extremities. Patients were then catego-
rized into two groups depending on the status of
the venous duplex examination as either positive or
negative for DVT. Extent (proximal versus distal) as
well as the location (superficial venous thrombosis
[SVT] and/or DVT) of the venous thrombus was
considered for reporting. Time to diagnosis of the
venous thrombosis from the time of admission was
recorded using the admission date. All examinations
were carried out by registered vascular technologists
and interpreted by attending physicians in accor-
dance with the protocols suggested by the Intersoci-
etal Accreditation Commission.

Statistical analysis. All these variables, including the
venous duplex examination results, were entered into
the REDCap database for analysis. REDCap (Research
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Electronic Data Capture) is a Health Insurance Portability
and Accountability Act-compliant, highly secure and
intuitive tool designed by Vanderbilt University used by
the participating institutions in developing databases to
capture data for clinical and translational research.”
Descriptive analysis was performed to examine the dis-
tribution of patient characteristics and DVT outcomes in
the COVID-19 positive patients using frequency distribu-
tion for categorical variables and mean (standard devia-
tion) and median (interquartile range) for continuous
variables. Bivariate analyses were conducted to investi-
gate the socio-demographic, clinical and laboratory
characteristics of patients with COVID-19 infection and
the incidence of DVT using Fisher's exact test and Wil-
coxon rank-sum test for categorical and continuous
variables, respectively. Multivariable logistic regression
was used to examine the adjusted odds ratio of DVT with
95% confidence intervals (Cl) of the adjusted odds ratio
among COVID patients. The coefficients from the multi-
variable logistic model were used to define an equation
to obtain the probability of developing DVT in male and
female patients separately. Mathematically, the logistic
regression model can be presented as loglf(;()x) = By +
x.0, which can be used to obtain probability or risk that
an ogtcome =1 by using thfe formul.a %, Where
exp is the natural exponential function, 8 is the logistic
regression coefficient and x is the covariate in the model.
All variables with a P value of <.20 in the bivariate anal-
ysis and those with a P value of >.20 (age, serum ferritin)
otherwise considered clinically important were included
in multivariable analysis. Multicollinearity was assessed
and any potential variables with variance inflation of >10
were excluded from the multivariable modeling. The
muiltivariable model included sex, age, b-dimer, CRP,
ferritin, and alkaline phosphatase. Time to diagnosis of
DVT from admission was analyzed using log-rank test to
determine the time-to-event differences between
different severity levels of COVID-19 and was displayed
using Kaplan-Meier plots. Receiver operating curve (ROC)
analysis for p-dimer as a predictor of DVT was done to
report the area under the curve. The Youden index was
used to identify the optimal cutoff for the p-dimer that
would distinguish between DVT positive and DVT nega-
tive cases. Sensitivity, specificity, positive predictive value
and negative predictive values were reported for
different levels of the cutoff based on an increment of
500 ng/mL. All analyses were performed at 0.05 level of
significance using Stata SE/14.2 (StataCorp, LP. and
College Station, Tex).

RESULTS

This study includes 71 unique COVID-19-positive patients
who underwent 107 venous duplex examinations between
March15and April 14,2020, at the Academic Health Center,
Indiana University School of Medicine. The mean age of the
cohort was 61.00 =+ 14.56 years with a majority male (54%)
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and African American patients (61%). Forty-two percent of
our patients were either former smokers or active smokers
at the time of admission. Only 10% of the patients were
uninsured. The majority of our patients were categorized
into severe COVID-19 infections (83%); 179% were moderate
(14%) to mild (2.8%) infections. Patient demographics,
comorbidities, and use of medications was compared be-
tween the two patient groups consisting of those with or
without any form of thrombotic event in the venous sys-
tem. Among the 34 patients (48%) who had a positive
venous duplex examination, we observed 23 patients
were males (68%) (P = .032) and race was not found to be
significant (P = .329) for venous thrombotic events. Addi-
tional results are shown in Table |.

Bivariate analysis (Supplementary Table |, online only)
evaluating the use of angiotensin-converting enzyme
(P = .665), angiotensin receptor blockers (P = .599),
hydroxychloroquine (P > .99), hypoglycemic agents
(P = .315), statins (P > .99), and antiviral medications
(P = .479) demonstrated no difference between groups.
The majority of patients (99%) were on anticoagulation
(84% on prophylactic and 16% on therapeutic dose)
with either unfractionated heparin or low-molecular-
weight heparin at the time of DVT diagnosis. In the
cohort of patients with DVT, laboratory levels of b-dimers
(P = .010) and alkaline phosphatase (P = .009) were
found to be abnormally elevated and statistically signifi-
cant, whereas CRP (P = .077) and aspartate aminotrans-
ferase (P =.060) trended toward significance on bivariate
analysis between those with and without DVT. Table I
provides additional information on laboratory parame-
ters in patients with and without DVT.

There were no significant differences identified in
abnormal chest radiographs (P > .99) in those patients
(n = 68) where the information was available. Electrocar-
diographic changes with QT prolongation was see in six pa-
tients with no differences between the groups with and
without DVT (P > .99; three patients in each group).

Positive findings on the venous duplex examination for
DVT were found in 37% of examinations (n = 40). Patients
had venous thrombotic events, either in isolation or in
combination with a proximal or distal venous system in
the upper and/or lower extremities. The majority of the
venous duplex examinations included an evaluation of
the lower extremities (70/107 examinations). Fifty-five
percent of all the positive lower extremity examinations
had a positive finding for venous thrombotic event in
both lower extremities, whereas 29% of the upper ex-
tremity venous examinations had a positive finding in
both upper extremities. Proximal venous thrombosis
was found in 39% of lower extremity examinations in
the femoral and popliteal veins with 29% of upper ex-
tremity examinations having venous thrombosis in the
proximal venous system including one or more of the
brachial, axillary, and subclavian veins. Isolated SVT was
found in 17.8% (n = 19) examinations. SVT was most
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Table I. Patient characteristics and bivariate relationship with deep venous thrombosis (DVT)

Mean = SD 61.06 * 14.56 6111 = 13.6 61 £ 15.74

Sex .032

Female 33 (46) 22 (59) 1 (32)

Whites 22 (31) 13 (35) 9 (27)

Others 5(7) 1(3) 4 (12)

]
»

Smoking status

Former 24 (34) 14 (38) 10 ((32)

Missing 3 (4) — _

No 65 (92) 35 (95) 30 (94)

Missing 2(2) - -

No 64 (90) 34 (92) 30 (94)

Missing 2 (3) - -

Medicare 33 (46) 19 (51) 14 (41)

Private 22 (31) 10 (27) 12 (35)

Uninsured 7 (10) 3(8) 4 (12)

No 55 (78) 26 (70) 29 (88)

Missing 1(1) = —_

No 70 (99) 37 (100) 33 (97)

Vv
(o}
©

Immune sup med

~

Yes 4 (1) 3(9)

HTN 795

Yes 50 (70) 27 (73) 23 (68)

No 54 (76) 28 (76) 26 (76)
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Table I. Continued.

No 43 (61) 21 (57) 22 (65)

N
W
N

Hyperlipidemia

Yes 34 (48) 15 (42) 19 (58)

COPD

Vv
O
(]

Yes 7 (10) 4 (1) 3(9)

Mean + SD 33.62 + 835 34,61 £ 912 3254 + 74

COVID severity .867

Moderate 10 (14) 6 (16) 4 (12)

frequently found in the upper extremities (54% of pa-
tients) and in association with proximal DVT. Details of
venous thrombotic events are shown in Supplementary
Table Il (online only). There was no statistical difference
in the probability of being diagnosed with DVT among
moderate and severe COVID-19 cases (P = .197), however,
the time to event analysis by severity of COVID-19 symp-
toms using Kaplan-Meier plot shows (Fig 1) that the likeli-
hood of diagnosis of DVT for severe category of patients
with COVID-19 was higher and trending toward signifi-
cance as was seen in the univariate Cox regression (haz-
ard ratio, 2.13; 95% ClI, 0.64-7.08) than that for patients
with mild to moderate disease. On an average, the days
from admission to the diagnosis of DVT was 10.4 days
for mild or moderate disease and 6.83 days for severe
disease. This difference was not statistically significant
as analyzed by Wilcoxon rank sum test (P = .9416).
Based on the ROC analysis (Fig 2, A), the sensitivity,
specificity, and predictive values of b-dimers at
500 ng/mL units’ intervals was analyzed and obtained
an optimal cutoff of 2450 ng/mL. This cutoff was also
validated using Youden Index after ROC analysis.

it

Table 11l shows p-dimer levels in increments of 500 ng/
mL along with their specificity, sensitivity, positive pre-
dictive value, and negative predictive value. At
2450 ng/mL, these values are 70.6%, 59.5%, 61.5%, and
68.8%, respectively

Our multivariable logistic regression model (Fig 2, B)
for predicting the odds of DVT gave us an area under
the curve of 0.8214, which indicates that the model
has a good predictive ability!" and potential of clinical
usefulness to discriminate DVT cases from non-DVT
cases among patients with COVID-19. Table IV shows pa-
tient and laboratory characteristics with the adjusted
odds ratio predicting their association with DVT
amongst patients with COVID-19. Elevated b-dimers
(P = .038) and alkaline phosphatase (P = .021) were
significantly associated with the risk of diagnosing
DVT. Based on this model, we propose equations for
the probability of DVT occurrences in COVID-19 positive
patients among male and female cases is as shown
elsewhere in this article.

Probability for DVT among female COVID-19-positive
patients can be predicted by using

—2.672+0.0002xddimer—0.0013% CRP+0.0004x Ferritin+0.0269% Al PO4—0.0042« Age—1.2947)

Pr(DVT = 1) =

1+ £(=2.672+0.0002*ddimer—0.0013+ CRP+0.0004+ Ferritin+0.0269% AlkPO4—0.0042x Age—1.2947)
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Table Il. Bivariate analysis of laboratory parameters comparing patients with and without deep venous thrombosis (DVT)

HCT (n = 71) 3248 + 599 3178 = 5.8 3325 + 618 4878

Fibrinogen, mg/dL (n = 41) 664.66 * 198.69 655.57 = 220.84 676.28 £ 171.8 .8422

CRP mg/L (n = 67) 18.26 £ 17.35 17.54 + 21.83 19.1 = 10.26 .0772

Ferritin, ng/mL (n = 65) 1038.73 = 1191.61 820.83 = 1001.94 1277.70 = 1346.15 1295

BUN, mg/dL (n = 70) 32.86 = 25.95 35.94 * 28.67 2959 *= 22.70 2841

Albumin mg/dL (n = 68) 291 = 0.58 290 = 0.44 291 = 071 4015

ALT, U/L (n = 68) 50.49 = 40.3]

4525 * 3469 56.38 * 45.67 3828

Similarly, for male COVID-19-positive patients the prob-
ability for DVT can be predicted by using

well as fatalities due to COVID-19 infections in the world
We had a mortality of 14% in our cohort, which is similar

3(72‘672+0‘0002* Addimer—0.0013% CRP+0.0004x Ferritin4-0.0269x Ak PO4—0.0042+ Age)

Pr(DVT = 1)

Here, e represents the natural exponential function,
—2.672 is a constant in the logistic regression, and
0.0002, —0.0013, 0.0004, 0.0269, —0.0042, and —1.2947
are the coefficients respectively for the variables p-dimer,
CRP, ferritin, alkaline phosphatase, age, and female sex.

Mechanical ventilation were required in 77.5% patients
in the entire cohort with three patients requiring extra-
corporeal membrane oxygenation. There were no differ-
ences in the use of either mechanical ventilation or
extracorporeal membrane oxygenation in patients with
and without DVT.

In this entire cohort, 10 deaths (14%) occurred during
the follow-up period of 13.4 +7.1 days. All deaths were
related to progressive sepsis with multiorgan dysfunc-
tion. The analysis of survival comparing the mild/moder-
ate disease and severe disease patients did not reach
statistical significance.

DISCUSSION
At the time of writing this article, the United States
accounted for both the highest number of patients as

= 1+ £(=2.672+0.0002+ddimer—0.0013+ CRP+0.0004x Ferritin+0.0269+ AlkPO4—0.0042 Age)

to those reported for all COVID-19-related admissions to
Intensive care units requiring advanced respiratory ther-
apies and supportive care®' Our results demonstrate
similar observations with significant number of male
COVID-19-positive patients with others reporting a high
body mass index as an additional risk."*'> Similar to pub-
lished reports our cohort is composed of approximately
60% African American patients.'®

Similar to our results, venous thromboembolism (VTE)
in critically ill patients with COVID-19 reportedly ranges
from 25% to 319%.""° Patients with severe and fatal
COVID-19 are in a prothrombotic and hyperinflammatory
state with reportedly higher b-dimer levels.®>>172022
Given the varying degrees of sensitivity (80%-100%),
specificity (23%-63%) p-dimer levels are not advised as a
single definitive test for diagnosis'®'® for VTE.
Tang et al'® defined the high-risk population as having
a p-dimer elevation more than six times the upper limit
of normal and Sepsis Induced Coagulopathy score of
=4. In our study, the sensitivity of p-dimer of 2450 g/mL
was approximately 70% and specificity was
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Mid/Moderate 11 9 2 1 1 0 0
Severe S8 39 2 10 2 0 0

Fig 1. Time to event analysis for determining deep venous thrombosis (DVT)-free probability using log rank test

and Kaplan-Meier plot.

approximately 60% and reflect the limitations of using
p-dimer as a stand-alone trigger for treatment. It also
must be noted that 99% of our patients were on antico-
agulation (84% on prophylactic and 16% on therapeutic
dose) at the time of diagnosis. Given the high percentage
of patients who were diagnosed with DVT while on pro-
phylactic anticoagulation, one might postulate that
these patients need full anticoagulation to be reliably
protected against experiencing DVT.

Mechanisms related to such high levels of p-dimer as
well as the risk of DVT may be related to a cytokine surge,

Sensitivity
0.50
N

0.25
L

0.00

0.50 0.75 1.00

1 - Specificity

0.00 0.25

Area under ROC curve = 0.6770

the upregulation of hypoxia induced transcription path-
ways'® or potentially the use of continuous positive
airway pressure ventilator, thought to compress superfi-
cial or deep vessels of the upper limbs, which might
lead to thrombosis.”®> Our study provides no insights
into the underlying pathophysiology.

The presence of liver abnormalities have been observed
in the COVID population potentially due to various path-
ophysiological pathways.?* Worsening transaminases
such as alkaline phosphatase, a sign of significant liver
disease, is associated with a heightened risk of VTE based

B3,
n
N A
(=}
2
20
39
[=4=]
(7]
12}
't
N A
(=]
(=}
O
O M T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.8214

Fig 2. A, Receiver operating curve (ROC) for the model predicting deep venous thrombosis (DVT) using o-dimer. B,

ROC for the multivariable model predicting DVT.
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Table lll. Optimal cutoff of b-dimer values to predict deep venous thrombosis (DVT) in patients with novel coronavirus
disease 2019 (COVID-19) infection

1950 479 0.64

76.5 514 591 70.4

2950 479 0.6

58.8 622 58.8 622

3950 479 0.59

441 73 60 58.7

|16

on our analysis. Cui et al® have suggested worsening
transaminases is related to worse patient outcomes in
COVID-19. Chen et al®® similarly suggest an aspartate
aminotransferase >40 U/L (hazard ratio, 2.2; 95% CI,
11-6.73) was an independent risk factor associated with
a fatal outcome.

Based on our multivariable analysis, b-dimer along with
C-reactive protein, alkaline phosphatase, ferritin levels,
and sex would be helpful to assess the probability of under-
lying DVT. An absolute level of b-dimer cannot be used to
initiate high-dose anticoagulation in COVID-19-positive pa-
tients, we recommend calculating the probability of VTE in
these patients and then make decisions based on clinical
needs of the patient. This model should help to guide
further treatment decisions. A larger cohort is needed to
validate our observations.

Similar to sepsis-induced coagulopathy, there are re-
ports that suggest survival benefit in COIVD-19 patients
with pneumonia and DVT when treated with anticoagula-
tion.”>*> Available algorithms take into consideration
Well's pretest probability score?”?® advising either prophy-
laxis, thrombostabilizing protocol, or therapeutic anticoa-
gulation for DVT and PE. However, given the
limitations?>*° with varying degrees of sensitivity and
specificity, as well as age-related challenges and ability
to predict only the proximal venous thrombosis, it remains
to be seen if the Well's score can be used to advise antico-
agulation strategies for patients with COVID-19. To over-
come some of these limitations, age-adjusted b-dimer
along with Well's probability score® has been advised.

Based on initial observations, which forms the basis for
this report, a high-dose anticoagulant regimen was
advised for DVT prophylaxis (Supplementary Table lll, on-
line only) in our health facility for patients in intensive care
with COVID-19. Because both the upper and lower ex-
tremities are often involved with DVT in our cohort, there
seems to be little role for inferior vena cava filters in this
patient population. The relatively low sensitivity of b-dimer
amid a high DVT prevalence warrants consideration of
empiric anticoagulation on admission. If the probability
score is high based on our multivariate model, we postu-
late that patients will benefit a therapeutic dose to offer
protection against DVT. Our observations are similar to
Obi et al?” indicating that patients with HIN1-associated
acute respiratory distress syndrome had a 23.3-fold higher
risk for pulmonary embolism and a 17.9-fold increased risk
for VTE. This finding led to the authors concluding that
empirical systemic heparin anticoagulation in this cohort
of patients significantly reduced VTE incidence without
increased hemorrhagic complications.®

Given the concerns for acquiring COVID-19 infection
and to protect our health care providers, prudent and
judicious use of the vascular lab resources is critical.
Because anticoagulation will be provided no matter
where the DVT is found, termination of extensive testing
seems warranted when a major proximal DVT is found. In
addition to the concerns expressed by Obi et al?’ we
believe that an algorithm of who is at most risk based
on sex and other factors from our multivariate model
might eventually provide an answer on whom to studly.

Table IV. Multivariable analysis of deep venous thrombosis (DVT) among novel coronavirus disease 2019 (COVID-19) positive
patients

CRP 0.9987068 0.9600632 1.038906 949

Alkaline phosphatase 1.027308 1.003987 1.05117 .021

Female 0.2739775 0.0701369 1070246 .063
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This report focuses on patients in the moderate to se-
vere categories of COVID-19 infection requiring hospital
admission. This study adds to the existing body of litera-
ture in that male patients are at highest risk for compli-
cations. The study has strengths in the fact that all
patients included in the study had a venous duplex ultra-
sound examination to provide confirmation of DVT. We
have identified variables beyond those described to pre-
dict the probability of DVT in patients with COVID-19
infection. Besides a small sample size, weakness of the
study is very similar to those inherent to any single-
center retrospective series and limited by inherent biases
related to patient selection and investigation, as well as
treatments provided. The multivariable model proposed
in this article needs further validation and research. In
addition, the study has also its weakness; we did not
perform evaluations for the pulmonary embolism or
investigating for the caval or iliac venous thrombosis.

CONCLUSIONS

Male sex and patients admitted with severe category of
COVID-19 infections are at high risk for DVT. Elevated
p-dimer and alkaline phosphatase levels have the ability
to predict DVT in our model. Our novel multivariate pre-
dictive model should provide guidance, as we consider
high-dose empiric anticoagulation in this high risk pa-
tients with COVID-19. To limit the risk of exposure to
healthcare workers considerations should be given in
judicious ordering of vascular laboratory imaging.
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Supplementary Table | (online only). Bivariate analysis of patient's medications and status of deep venous thrombosis

(DVT)
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Supplementary Table Il (online only). Description of
location and extent of venous thrombotic events

Total number of DVT 37.38 (n = 40)

Bilateral lower extremity DVT (of lower 55
extremity examinations)

% Positive proximal DVT in lower 39
extremity examinations (femoral,
popliteal veins)

Supplementary Table Ill (online only). Indiana University Academic Health Center protocol for prophylactic dosing of
anticoagulation in severe novel coronavirus disease 2019 (COVID-19) infections

<30 mL/min, end-stage renal disease Heparin 5000 g8h Heparin 7500 g8h Heparin 7500 g8h




