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Abstract

Infection with SARS-CoV-2 (COVID-19) can cause prothrombotic complications. We aim to study the frequency of thrombotic
complications and impact of anticoagulation on outcomes in hospitalized patients. We conducted a retrospective chart review of
921 consecutive patients admitted to our hospital with COVID-19. Patients were divided into four groups depending on whether
they were on anticoagulation prior to admission, started anticoagulation during the admission, received prophylactic
anticoagulation, or did not receive any anticoagulation. At the time of analysis, 325 patients (35.3%) had died, while 544 patients
(59%) had been discharged resulting in inpatient mortality of 37.3%. Male sex, age > 65 years, and high D-dimer at admission
were associated with higher mortality. Sixteen patients (1.7%) had venous thromboembolism confirmed with imaging, 11
patients had a stroke, and 2 patients developed limb ischemia. Treatment with therapeutic anticoagulation was associated with
improved inpatient mortality compared with prophylactic anticoagulation alone (63% vs 86.2%, p < 0.0001) in patients requiring
mechanical ventilation. Other outcomes such as rates of liberation from mechanical ventilation and duration of mechanical
ventilation were not significantly impacted by the type of anticoagulation.
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Introduction

The coronavirus pandemic is caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-COV-2). Since the dis-
ease first appeared in December 2019, it has been spreading
rapidly throughout the world. Infection with SARS CoV-2
(COVID-19) can result in a wide range of symptoms [1].
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Patients who develop pneumonia usually require admission
to hospital for respiratory support and tend to have a poor
prognosis. Although initially considered to be a predominant-
ly respiratory infection, COVID-19 has been shown to have
multiorgan involvement. A study by Tang et al. showed that
elevated D-dimer levels correlate with higher mortality and
prophylactic anticoagulation improves outcomes in hospital-
ized patients [2]. There is growing evidence that COVID-19
produces a procoagulant state with both micro-thrombi and
macro-thrombi observed in an autopsy series [3, 4]. The
mechanisms behind the thrombotic state induced by
COVID-19 are incompletely understood but likely include
endothelial dysfunction and platelet activation due to cytokine
storm leading to stasis and thrombus formation [5, 6]. Expert
guidelines have emerged for anticoagulation management in
patients with severe COVID-19; however, there is a paucity of
data regarding the efficacy of anticoagulation in these patients
[7]. Furthermore, these patients are prone to coagulopathy,
which can theoretically increase the risk of bleeding
compounded by the use of therapeutic anticoagulation [8, 9].

We at BronxCare Hospital have been employing therapeutic
anticoagulation in patients with high clinical suspicion of micro-
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thrombotic disease. Here, we report our experience with
anticoagulation in a large number of patients treated at a com-
munity hospital in New York City. The purpose of this study is
to help clarify the risk of prothrombotic complications in pa-
tients admitted to the hospital with severe COVID-19 and assess
the impact of anticoagulation on outcomes of these patients.

Methods

The study was approved by the institutional review board. We
conducted a retrospective chart review of all adult patients
who were admitted to BronxCare Hospital Center between
March 15 and April 14 of 2020 with a diagnosis of COVID-
19 pneumonia. Patients who were discharged from emergency
room and who were admitted for reasons other than COVID-
19 pneumonia were excluded from the study. Patients were
divided into 4 cohorts: those receiving therapeutic
anticoagulation prior to admission (Prior AC), those started
on therapeutic anticoagulation during the admission
(New_AC), those who received prophylactic anticoagulation
only during the hospital stay (Prophy), and patients who did
not receive any anticoagulation (No_AC). Patient demo-
graphics, anticoagulation status, results of coagulation tests,
and outcomes including inpatient mortality, dependency on
mechanical ventilation, clinically significant bleeding, and
length of stay were recorded and herein reported. Clinically
significant bleeding was defined as any bleeding requiring or
resulting in red cell transfusion, cessation of anticoagulation,
or administration of reversal agents. Thrombotic complica-
tions were defined as imaging-confirmed venous thromboem-
bolism, stroke, or limb ischemia. Peak D-dimer level was
defined as the highest level of D-dimer level obtained at any
point during the admission.

Statistical analysis

Patient characteristics were summarized by group using the
median for continuous variables and frequencies for categor-
ical variables. Comparisons were made using the Kruskal—
Wallis and Fisher’s exact tests, as appropriate. Binary out-
comes (e.g. mortality) were compared between group using
Fisher’s exact test or using logistic regression models for con-
tinuous measures (e.g. D-dimer levels). Time-to-event out-
comes (e.g. duration of ventilation) were compared using the
log-rank test. All analyses were conducted in SAS v9.4 (Cary,
NC) at a significance level of 0.05.

Results

A total of 1308 patients were reviewed. All patients had con-
firmation of COVID-19 infection by RNA detection of
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SARS-CoV-2 by nasopharyngeal swab. Three hundred
eighty-seven patients were excluded of which 377 patients
were not admitted to the hospital, 5 patients with age less than
18 years, 4 patients admitted for reasons other than COVID-
19 pneumonia, and 1 patient was transferred to another hos-
pital. Nine hundred twenty-one patients were included in the
analysis. Thirty-three patients were on therapeutic
anticoagulation prior to admission and were continued on it
during hospital stay (28 on direct oral anticoagulants (DOAC)
and 5 on warfarin). One hundred ninety-one patients were
started on therapeutic anticoagulation during hospital admis-
sion. Out of these 191 patients, 102 were started on a DOAC,
68 on low molecular weight heparin and 21 on unfractionated
heparin. One hundred seventy-two patients (90%) were
started on anticoagulation due to high clinical suspicion of
microthrombotic disease, while 19 patients (10%) were started
due to thrombotic complications. Six hundred seventy-two
patients received only prophylactic anticoagulation during ad-
mission, and 25 patients did not receive any anticoagulation.
There were no significant differences in age, sex, and BMI
among the groups (see Table 1). Patients in New AC group
had a higher D-dimer level at admission and peak D-dimer
during admission compared with other groups.

At the time of analysis, 325 patients (35.3%) had died,
while 544 patients (59%) had been discharged resulting in
inpatient mortality of 37.3%. Age greater than 65 years was
associated with higher mortality. Female sex was protective,
29.1% vs 61% (OR 0.64, 95% CI: 0.48-0.85, p = 0.0023).
Patients in Prophy group had lower mortality compared with
New_AC group (32.4% vs 45%, p = 0.0014); mortality was
not significantly different between other groups. However,
among the patients requiring mechanical ventilation, patients
who were started on therapeutic anticoagulation had lower
inpatient mortality compared with those who were continued
on prophylactic anticoagulation (63% vs 86.2%, p < 0.0001).
Of the 323 patients (35.1%) who were started on mechanical
ventilation, patients in New AC group were more likely to
have received mechanical ventilation during hospital admis-
sion (119 of 191, 63% p < 0.001). At the time of analysis, 53
patients (16.4%) were successfully liberated from mechanical
ventilation; rates were not significantly different between
groups. The duration of mechanical ventilation was similar
among the groups. Length of hospital stay was significantly
higher in the New AC group (11 days) compared with other 3
groups (Prior AC: 7.7 days, Prophy: 5.7 days, No AC: 5.2
days; p<0.0001). The outcome results are summarized in
Table 2.

Out of 921 patients 16 patients (1.7%) had venous throm-
boembolism (VTE) confirmed with imaging, 11 patients had
an ischemic stroke, and 2 patients developed limb ischemia.
On univariate analysis, the D-dimer levels at admission and
peak D-dimer levels were associated with higher inpatient
mortality, rate of intubation, and thrombotic complications.
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Alln=921 (%) Prior ACn=33 (%) Prophyn=672(%) New ACn=191(%) No ACn=25(%) p-value

Table 1 Baseline characteristics and outcomes by type of anticoagulation
Variable
Age (year, median) 62.0 68.0
Sex Female 347 (37.7) 13 (39.4)
Male 574 (62.3) 20 (60.6)
Race Black 260 (33.8) 17 (56.7)
Asian 17 (2.2)
Hispanic 472 (61.4) 13 (43.3)
Caucasian 20 (2.6)
BMI (kg/m?, mean) 304 30.1
D-dimer at admission 3190 2149
(ng/mL, mean)
Peak D-dimer level 6206 4231
(ng/mL, mean)
Intubated 323 (35.1) 11 (33.3)
Successfully extubated” 53(16.4) 2 (18.1)
Median days on mechanical 4 (1-14) 3
ventilation (Range)i
Intra-hospital bleeding 354.1) 3(10)
Length of stay (days, median)* 9.0 8.8

62.0 62.0 64.0 0.303
259 (38.5) 68 (35.6) 7(28) 0.677
418 (61.5) 123 (64.4) 18 (72)

181 (32.4) 55(34.2) 7 (36.8) 0.210
112) 53.1) 1(5.3)

350 (62.6) 99 (61.5) 10 (52.6)

17 3) 2(12) 1(5.3)

30.5 30.6 275 0.231
2550 5217 2990 <0.001
3652 14317 3173 <0.001
188 (28) 119 (62.6) 2 (20) <0.001
24 (12.7) 27 (22.6) 0 0.077

3 4 0 0.834
11 (1.7) 19 (11.4) 2(10.5) <0.001
74 15.3 56 <0.001

Abbreviations: Prior AC patients on anticoagulation prior to admission and continued during hospitalization, Prophy patients who received only
prophylactic anticoagulation, New AC patients who were started on therapeutic anticoagulation during hospitalization, No AC patients who did not

receive any anticoagulation, BMI body mass index
T Percentages are calculated for intubated patients only
*Only in extubated patients

*Only in patients who were discharged from the hospital

These associations are summarized in Table 3. None of the
patients in Prior AC group had thrombotic complications.
Thirty-five patients (4.1%) had clinically significant bleeding;
patient in Prophy group had less incidence of bleeding com-
plications (1.7%) compared with other groups. Among these
35 patients, 18 required transfusion support, 4 were given
reversal agents, and there were 2 deaths attributed to bleeding.
On univariate analysis, starting therapeutic anti-coagulation
during admission and peak D-dimer levels, but not D-dimer
levels at admission, was associated with risk of bleeding (see
Table 3).

Discussion

Thrombotic complication, both macro- and micro-thrombotic,
is a major concern among physicians involved in the treatment
of patients admitted to the hospital with COVID-19. Our study
describes the outcomes of 921 predominantly Hispanic and
Black patients stratified by the type of anticoagulation re-
ceived during the hospital admission. We analyzed a group
of patients already on therapeutic anticoagulation at admission
for various reasons, as a surrogate for starting anticoagulation
early in the disease process. As previously described, male sex
is associated with higher infection rate and worse mortality
[10, 11]. We noticed a higher mortality rate in our population,

which is consistent with previous analyses showing Black and
Hispanic patients have worse outcomes with COVID-19 [12,
13]. Our results show that patients on therapeutic
anticoagulation had a higher mortality compared with patients
on prophylactic anticoagulation. This is expected as patients
who are started on therapeutic anticoagulation are generally
sicker with higher D-dimer levels. This is evidenced by the
higher D-dimer level at admission and higher peak D-dimer in
these patients. When the analysis is limited to patients requir-
ing mechanical ventilation, patients with therapeutic
anticoagulation did better in terms of inpatient mortality.
Recently, another study from a neighboring New York City
hospital also found improved mortality with anticoagulation
(29.1% vs 62.7%) in 395 intubated patients [14].

Interestingly, patients who were continued on therapeutic
anticoagulation at admission did not differ from other groups
in terms of outcomes, suggesting that early anticoagulation in
these patients may not be relevant. However, the number of
patients in this group was small, and therefore, definitive con-
clusions cannot be drawn. Predictably, the rates of mechanical
ventilation and length of stay were higher in the New AC
group but not significant among other groups, again owing
to the higher severity of disease in these patients. Other out-
comes such as rates of liberation from mechanical ventilation
and duration of mechanical ventilation were not significantly
impacted by the type of anticoagulation.
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Table 2 Determinants of
inpatient mortality

The rate of VTE in our patients was 1.7%, which is higher
than usual hospitalizations, but other studies have reported a
much higher incidence of VTE in patients with COVID-19

Table 3 Univariate analysis of
outcomes with D-dimer as
predictor

@ Springer

Variables Number Dead Inpatient p-value
mortality® (%)

Age (year) <55 267 42 15.7 < 0.001
55-65 247 76 30.8
> 65 407 207 50.9

Sex Female 347 101 29.1 0.002
Male 574 224 39.0

Race Black 260 95 36.5 0.29
Hispanic 472 171 36.2
Asian 17 5 29.4
Caucasian 20 3 15.0
Unknown 152 51 33.6

BMI (kg/m?) <25 198 74 37.4 0.17
25-30 326 132 40.5
> 30 392 116 29.6

Anticoagulation groups Prior AC 33 14 424 0.0014%
Prophy 672 218 324
New_AC 191 86 45.0
None 25 7 28.0

Anticoagulation groups Prior AC 11 10 90.9 <0.001%*

(Only intubated patients) Prophy 188 162 86.2

New AC 119 75 63
None 5 5 100

Total 921 325 353

Abbreviations: Prior AC patients on anticoagulation prior to admission and continued during hospitalization,
Prophy patients who received only prophylactic anticoagulation, New AC patients who were started on thera-
peutic anticoagulation during hospitalization, No_AC patients who did not receive any anticoagulation, BMI body

mass index

¥ Calculated at the time of analysis. Included patients who are not yet discharged

TBMI was unknown for some patients

¥ p-value obtained through pair-wise comparisons is only significant for Prophy vs New AC

*p-value obtained through pair-wise comparisons is only significant for New_AC vs Prophy

[15, 16]. There is a significant potential for under-diagnosis of
VTE due to a higher threshold to obtain radiographic imaging in
these patients secondary to concern for spread of infection. The

Outcomes Odds ratio (95% CI) p-value
D-dimer at admission Inpatient mortality 1.71 (1.35-2.16) < 0.001
Need for mechanical ventilation 1.2 (1.03-1.45) 0.02
Successful extubation* 0.09 (0.01-1.29) 0.08
Thrombotic complications 1.23 (1.00-1.51) 0.05
Bleeding 1.13 (0.84-1.52) 0.41
Peak D-dimer Inpatient mortality 1.69 (1.37-2.07) < 0.001
Need for mechanical ventilation 2.00 (1.59-2.52) < 0.001
Successful extubation* 1.02 (0.76-1.36) 0.91
Thrombotic complications 1.21 (0.99-1.49) 0.067
Bleeding 1.30 (1.01-1.68) 0.04

Abbreviations: CI confidence interval

*In the intubated patients only
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study by Middeldorp et al. employed screening for asymptom-
atic patients, which also resulted in higher percentage of con-
firmed cases [16]. The risk of stroke in these patients has been
demonstrated in previous studies and again found in our patient
population as well [17, 18]. Patients who developed thrombotic
complications had a higher D-dimer level at admission. It is hard
to say if the high D-dimer in these patients was due to the throm-
bosis itself or a manifestation of the severity of the disease, but
the very high D-dimer levels observed in these patients suggest
that patients with higher severity of the disease are at higher risk
for thrombotic events. None of the patients already on
anticoagulation experienced thrombotic complications. This
points towards a potential benefit for early anticoagulation. On
the other hand, patients who were on only on prophylactic
anticoagulation had less clinically significant bleeding. Zhang
et al. recently reported the predictive value of D-dimer at admis-
sion for inpatient mortality [19]. Our study showed similar find-
ings where D-dimer levels were predictive of inpatient mortality,
need for mechanical ventilation, and thrombotic complications.
There were also strong associations between peak D-dimer
levels and need for mechanical ventilation. These findings sug-
gest that D-dimer is a useful marker for gauging the severity of
the disease and could be followed to predict adverse outcomes
including the need for mechanical ventilation. During times of
hospital overload, this knowledge can be a handy tool for rapid
triage of patients with COVID-19.

Our study has several limitations; it is a retrospective series,
and thus, the results need to be validated in a prospective
research study. The exact timing of anticoagulation relative
to the clinical adverse events in our patients is not examined,
and therefore, its full impact is difficult to predict. A more
extensive study with deep collection of data regarding comor-
bid conditions and their severity will be helpful to delineate
the exact correlation of anticoagulation with outcomes.

Conclusion

Our retrospective study involving a predominantly minority
patient population showed that hospitalized patients with
COVID-19 are at risk for developing thrombotic complica-
tions, such as VTE, stroke, and limb ischemia. In our analysis,
higher D-dimer levels at admission and peak D-dimers were
associated with worse outcomes and can be used to select
patients at risk of adverse events. Patients requiring mechan-
ical ventilation carry a poor prognosis, and therapeutic
anticoagulation may be of value in these patients. Further
prospective studies with greater number of patients can help
clarify the role of anticoagulation in patients with COVID-19
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