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prophylaxis is less common in hospitalized patients with COVID-19
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Abstract

Introduction The incidence of venous thromboembolism (VTE) in patients hospitalized with COVID-19 is higher than most
other hospitalized patients. Nonadministration of pharmacologic VTE prophylaxis is common and is associated with VTE
events. Our objective was to determine whether nonadministration of pharmacologic VTE prophylaxis is more common in
patients with COVID-19 versus other hospitalized patients.

Materials and methods In this retrospective cohort analysis of all adult patients discharged from the Johns hopkins hospital
between Mar 1 and May 12, 2020, we compared demographic, clinical characteristics, VTE outcomes, prescription and
administration of VTE prophylaxis between COVID-19 positive, negative, and not tested groups.

Results Patients tested positive for COVID-19 were significantly older, and more likely to be Hispanic, have a higher median
body mass index, have longer hospital length of stay, require mechanical ventilation, develop pulmonary embolism and die
(all p<0.001). COVID-19 patients were more likely to be prescribed (aOR 1.51, 95% CI 1.38-1.66) and receive all doses
of prescribed pharmacologic VTE prophylaxis (aOR 1.48, 95% CI 1.36-1.62). The number of patients who missed at least
one dose of VTE prophylaxis and developed VTE was similar between the three groups (p=0.31).

Conclusions 1t is unlikely that high rates of VTE in COVID-19 are due to nonadministration of doses of pharmacologic
prophylaxis. Hence, we should prioritize research into alternative approaches to optimizing VTE prevention in patients with
COVID-19.

Keywords Venous thromboembolism - Deep vein thrombosis - Pulmonary embolism - Thromboprophylaxis - Missed
doses - COVID-19

Highlights e Patients with COVID-19 were more frequently pre-
scribed and administered pharmacologic VTE prophy-
laxis.

¢ Nonadministration of pharmacologic venous thromboem- e After adjusting for confounders, hospitalized patients

bolism (VTE) prophylaxis is common, but has not been with COVID-19 had a similar chance of developing VTE
studied in COVID-19. compared to other patients.

e Administration of pharmacologic VTE prophylaxis was
compared between COVID-19 positive, negative, and not
tested groups. Introduction

Patients with coronavirus disease 2019 (COVID-19) are
at very high risk for hospital-associated venous thrombo-
Mujan Varasteh Kia, Brandyn D. Lau contributed equally to this embolism (VTE) with reported event rates of 3.3 to 49%
work. [1, 2]. The prothrombotic phenotype of COVID-19 has
been generally attributed to systemic inflammation [3]. We
hypothesized that another potential cause might be non-
administration of VTE prophylaxis related to the unique
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challenges posed by COVID-19 care, including restrictions
on direct patient contact and limited access to personal pro-
tective equipement (PPE). Pharmacologic VTE prophylaxis
reduces the risk of preventable events by 30 to 65% [4].
In one study, VTE prophylaxis was associated with lower
mortality in patients with severe COVID-19 infection and an
elevated d-dimer [5]. Thromboprophylaxis, particularly low
molecular weight heparin, is recommended therapy for hos-
pitalized patients with COVID-19 unless contraindications
are present [5]. We have reported frequent nonadministra-
tion of prescribed doses of VTE thromboprophylaxis among
hospitalized patients [6, 7], which is associated with VTE
[8, 9]. Thus, we sought to determine whether nonadministra-
tion of pharmacologic VTE prophylaxis is more common
in patients with COVID-19 compared to other hospitalized
patients.

Methods

We retrospectively identified all adult patients discharged
from The Johns hopkins hospital (JHH) between Mar 1 and
May 12, 2020 (cut-off date reflects May 13 change to testing
every admitted patient for COVID-19). Data were automati-
cally extracted from the electronic medication administration
record as in prior published studies [7, 10]. We compared
demographics, clinical characteristics, VTE outcomes, and
prescription and administration of VTE prophylaxis between
three patient groups: COVID-19 positive, COVID-19 nega-
tive, and COVID-19 not tested. We analyzed missed doses

of pharmacologic VTE prophylaxis and categorized docu-
mented reasons as patient refusal and other. The Chi-square
test and Fisher’s exact test compared categorical variables,
and one-way analysis of variance (ANOVA) and quantile
regression compared means and medians, respectively. To
account for confounders, we calculated adjusted odds ratios
(aORs) and 95% confidence intervals (CI) using multiple
logistic regression. Statistical significance was defined as
p <0.05. The Johns hopkins medicine institutional review
board approved this study.

Results

439 patients tested positive, 2316 tested negative, and 3035
were not tested for COVID-19. In comparing groups, the
COVID-19 positive patient group was older and more likely
to be Hispanic, had a higher body mass index and longer
hospital length of stay, was more likely to require mechani-
cal ventilation, and was more likely to die (Table 1).
Patients testing positive for COVID-19 were more often
prescribed pharmacologic prophylaxis (87.2%) compared
to the COVID-19 negative (53.2%) and not tested (49.3%)
patient groups (p <0.001). Patients in the COVID-19 posi-
tive group missed significantly fewer prescribed doses
(3.9%) compared to the COVID-19 negative (8.7%) and not
tested (8.0%) patient groups (p <0.001). After adjusting for
significant predictor variables, the COVID-19 positive group
was more likely to be prescribed VTE prophylaxis (aOR
1.51, 95% CI 1.38-1.66) and receive all prescribed doses

Table 1 Characteristics of patients discharged from the Johns hopkins hospital between Mar 1 and May 12, 2020

Variable Patients tested (+) for Patients tested (—) for Patients not tested Pt
COVID-19 COVID-19 (n=3035)
(n=439) (n=2316)
Age (SD), years 55.5(17.9) 48.3 (21.0) 47.7 (23.6) <0.001
Female, n (%) 218 (49.7) 1226 (52.9) 1589 (52.4) 0.65
Race, n (%) <0.001
White 115 (26.2) 1057 (45.6) 1508 (49.7)
Black 191 (43.5) 1051 (45.4) 1168 (38.5)
Other” 133 (30.3) 208 (9.0) 359 (11.8)
Ethnicity, n(%) <0.001
Hispanic or Latino 86 (19.6) 101 (4.4) 159 (5.2)
Median body mass index (IQR), kg/m? 29.5(25.0,34.4) 25.9(21.8,31.4) 26.1(21.4,31.0) <0.001
Median hospital length of stay (IQR), days 7(4,12) 42,7 4(2,6) <0.001
Ventilated, n (%) 108 (24.6) 277 (12.0) 277 (9.1) <0.001
Death, n (%) 38 (8.7) 71 (3.1) 63 (2.1) <0.001

IQR, interquartile range; SD, standard deviation

"Mean age difference was compared using one-way analysis of variance (ANOVA); median body mass index and length of stay were compared
between the three groups using quantile regression, and categorical variables were compared using the Chi-square test

*Other includes Asian, American Indian or Alaska Native, Native Hawaiian, other Pacific Islander, other, unknown/not reported, and declined to

answer
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(aOR 1.48,95% CI 1.36—1.62). When examined at the dose
level, doses were less likely to be missed (aOR 0.82; 95%
CI 0.77-0.87) or refused (aOR 0.76; 95% CI 0.71-0.82) in
the COVID-19 positive group.

On univariate analysis, the risk of developing VTE
was significantly higher in patients with COVID-19, 11
(2.5%) in patients who tested positive for COVID-19, 6
(0.3%) in the COVID-19 negative group, and 15 (0.5%) in
the not tested group (p <0.001). However, after adjusting
for confounding factors, risk of developing VTE was similar
between the three groups (aOR 1.08, 95% CI 0.48-2.44).
All patients with VTE in all three groups were prescribed
VTE prophylaxis. Among patients with VTE, 36.4% in the

COVID-19 positive group, 50% in the COVID-19 negative
group, and 66.6% in the not tested group missed at least one
dose of prescribed prophylaxis (p =0.31) (Table 2).

Discussion

We found that patients hospitalized with COVID-19 were
more frequently prescribed and administered all doses of
pharmacologic VTE prophylaxis compared to COVID-19
negative and non-tested patients. We suspect these findings
reflect enhanced vigilance and prioritization by physicians
(for prescription) and nurses (for administration) due to the

Table2 Venous thromboembolism (VTE) events and nonadministration of pharmacologic VTE prophylaxis on both patient and dose levels
comparing patients by COVID-19 testing Status (positive vs. negative vs. not-tested)

Tested (+) for COVID-

Tested (—) for COVID-

Not tested for COVID- P7 aOR (95% CI) Tested (+)

19 19 19 for COVID-19 versus
Others
Patient visit level
Total number of patient 439 2316 3035
visits
Prescribed pharmaco- ~ 383/439 (87.2) 1177/2136 (53.2) 1435/3035 (49.3) <0.001 1.51(1.38, 1.66)*

logic VTE prophy-
laxis, n (%)

Received all doses, n 281/383 (73.4) 724/1177 (61.5)

(%)
Number of Patients 11/439 (2.5) 6/2136 (0.3)
who Developed VTE
During Hospitaliza-
tion, n (%)
DVT only 4/439(0.9) 1/2136 (0.04)
PE only 6/439(1.4) 5/2136 (0.2)
Both DVT and PE 1/439 (0.2) 0/2136 (0.0)
Patients with VTE who ~ 11/11 (100) 6/6 (100)
were prescribed VTE
prophylaxis, n (%)
Patients with VTE who ~ 4/11 (36.4) 3/6 (50.0)
missed any dose of
VTE prophylaxis, n
(%)
Dose level
Number of doses pre- 5518 12,814
scribed
Missed doses, n (%) 215/5518 (3.9) 1121/12,814 (8.7)
Refused doses, n (%) 108/5518 (2.0) 735/12,814 (5.7)
Other reasons for 107/5,518 (1.9) 386/12,814 (3.0)

missed doses, n (%)

917/1435 (63.9) <0.001 1.48 (1.36, 1.62)"

15/3035 (0.5) <0.001 1.08 (0.48, 2.44)"

8/3035 (0.3)
6/3035 (0.2)

0.005 0.92 (0.41,2.07)*
0.002 1.93 (0.94, 3.95)*

173035 (0.03) 0.15 1.75(0.25, 12.22)¢
15/15 (100) 1.00
10/15 (66.7) 0.31

18,770

1494/18,770 (8.0) <0.001 0.82 (0.77,0.87)"
982/18,770 (5.2) <0.001 0.76 (0.71, 0.82)"
512/18,770 (2.7) <0.001 0.95 (0.86, 1.05)"

aOR adjusted odds ratio, CI confidence interval, DVT deep vein thrombosis, PE pulmonary embolism, VTE venous thromboembolism

TP values calculated using the Chi-square test and Fisher’s exact test

aOR calculated after adjusting for variables found to be statistically significantly different between the groups in Table 1 (age, race, ethnicity,

hospital length of stay, body mass index, ventilation, and death)

“Separate univariate analysis, including only patients who were prescribed prophylaxis, showed a significant difference in race, ethnicity, hospi-
tal length of stay, body mass index, ventilation, and death between the three groups. Thus, in multiple logistic regression, we adjusted for these

variables
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widespread recognition and amplified awareness of the high
incidence and devastating consequences of VTE in patients
with COVID-19.

While this study has some limitations (i.e., performed at
a single academic center, lack of outpatient hospital-associ-
ated VTE events diagnosed after discharge), it is strength-
ened by a robust, validated methodology to identify missed
doses of VTE prophylaxis [6, 10]. Numerous interventions
have been underway at JHH to improve administration of
VTE prophylaxis [10], and our baseline rates are higher than
other hospitals [6] which may also limit its generalizability
to other hospitals.

We had hypothesized that decreased patient contact and
approaches to conserving personal protective equipment
might hinder administration of pharmacologic VTE prophy-
laxis in patients with COVID-19; however, this was not the
case. Had our hypothesis been proven correct, then, suc-
cessful educational interventions to prevent missed doses of
VTE prophylaxis in hospitalized patients would have been
a relatively easy solution to combat the high rates of VTE
in patients with COVID-19 [10]. VTE events remain an
important cause of mortality and morbidity in patients with
COVID-19. These data should help allay fears that missed
doses of pharmacologic VTE prophylaxis are contribut-
ing to VTE events in patients with COVID-19. Therefore,
we should prioritize research to discover more effective
approaches to VTE prevention in patients with COVID-19.
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