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Abstract

We observed multiple fatal intracranial hemorrhages shortly after initiating therapeutic anticoagulation for treatment of
venous thromboembolism (VTE) in COVID-19 patients suggesting increased anticoagulation risk associated with COVID-
19. The objective of this study is to quantify risk of major hemorrhage in hospitalized COVID-19 patients on therapeutic
anticoagulation for deep venous thrombosis (DVT) or pulmonary embolism (PE). Hospitalized patients with COVID-19
receiving therapeutic anticoagulation for DVT, PE or both at four New York City hospitals were evaluated for hemorrhagic
complications. These were categorized as major (including fatal) or clinically relevant non-major according to the criteria
of the International Society of Thrombosis and Haemostasis. Hemorrhagic complications were correlated with clinical and
laboratory data, ICD-10 code diagnoses and type of anticoagulation treatment. Minor hemorrhages were excluded. Major/
clinically relevant hemorrhages occurred in 36 of 170 (21%) hospitalized COVID-19 patients being treated with therapeutic
anticoagulation for VTE including 4 (2.4%) fatal hemorrhages. Hemorrhage was 3.4 times more likely with unfractionated
heparin 27/76 (36%) compared to 8/81 (10%) with low molecular weight heparin (p=0.002). Multivariate analysis showed
that major hemorrhage was associated with intubation (p=0.04) and elevated serum LDH (p <0.001) and low fibrinogen
(p=0.05). Increased risk of hemorrhagic complications in treating VTE in hospitalized COVID-19 patients should be
considered especially when using unfractionated heparin, in intubated patients, with low fibrinogen and/or elevated LDH.
Checking serum fibrinogen and LDH before initiating therapeutic anticoagulation and monitoring coagulation parameters
frequently may reduce bleeding complications.
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Highlights e Hemorrhages occurred in 36 of 170 (21%) COVID-
19 patients on therapeutic anticoagulation including 4
deaths (2.4%).
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e We identified hemorrhages in COVID-19 patients treated rin and also more likely with low fibrinogen (p=0.05)
for venous thrombo-embolic disease. and elevated LDH (p <0.001).

e Treating VTE in COVID-19 patients with therapeutic
anticoagulation should be carefully considered given the
increased risk in using unfractionated heparin, as well
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Introduction

Venous thromboembolism (VTE) in patients hospitalized
with Coronavirus-19 Disease (COVID-19) is primar-
ily treated with therapeutic anticoagulation presuming
similar anticoagulation risks as for other hospitalized
patients with VTE. However, several reports have sug-
gested that the complication rates for anticoagulation may
be increased in COVID-19 [1-4]. In addition, we observed
several fatal intracranial hemorrhages (ICH) shortly after
initiating therapeutic anticoagulation for treatment of VTE
further supporting a hypothesis of increased anticoagula-
tion risk in COVID-19. The purpose of this study was to
quantify risk of clinically relevant and major hemorrhage
in hospitalized COVID-19 patients on therapeutic antico-
agulation for deep venous thrombosis (DVT) or pulmonary
embolism (PE) and to identify associations that might help
with risk mitigation.

Methods

Patients diagnosed with COVID-19, hospitalized from
March 3 to June 5, 2020 and receiving therapeutic anti-
coagulation for DVT, PE, or both at four New York City
hospitals were evaluated for hemorrhagic complica-
tions. To meet the inclusion criteria, patients had to (1)
be > 18 years-old, (2) test positive for SARS-CoV-2 on
reverse transcription polymerase chain reaction (RT-PCR)
test via nasopharyngeal swab, and (3) diagnosed with
DVT, PE, or both using lower extremity US and/or Chest
CT pulmonary angiography (CTPA) and (4) be treated
with therapeutic anticoagulation during their COVID
hospitalization.

Electronic medical records were searched to identify
patients meeting inclusion criteria and their demographic,
clinical, and laboratory data on the date of VTE diagnosis
were recorded. ICD-10 diagnoses and details of anticoagu-
lation, antiplatelet agents, placement of an inferior vena
cava (IVC) filter were also recorded. Patient encounter
notes were manually reviewed by three board certified
physicians to identify which patients had hemorrhagic
complications after receiving anticoagulation.

Hemorrhagic complications were categorized as major
(including fatal) or clinically relevant non-major according
to the criteria of the International Society of Thrombosis
and Haemostasis [5]. Minor hemorrhages were excluded.

Laboratory and clinical parameters in patients with-
out compared to with hemorrhagic complications were
compared with Students t-test for continuous variables if
normally distributed or Mann—Whitney if not normally
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distributed, and Chi Square or Fisher’s Exact for categori-
cal variables. A multivariate regression model was cre-
ated incorporating age, sex and all variables found to be
significant on univariate analysis that had data for at least
90% of subjects. A second multivariate model was cre-
ated also incorporating variables found to be significant
on univariate analysis but where data was available in less
than 90% of subjects.

Results

Among the SARS-CoV-2 RT-PCR tests performed from
March 3 to June 5, 2020 (n=25,335) at four hospitals, 8460
cases were positive, Fig. 1. From this cohort, 4131 were hos-
pitalized with COVID-19 of which 172 were diagnosed with
PE (n=60), DVT (n=31), or both (n=281). One COVID-
19 patient, 81 years old with cognitive impairment, mul-
tiple falls and a subdural hematoma, was diagnosed with
VTE but treated with IVC filter and an antiplatelet agent,
but without therapeutic anticoagulation, was excluded. A
second excluded patient, 86 years old, was diagnosed with
PE on the day of admission but had an acute on chronic
left frontal subdural hematoma and a probable chronic right
frontal subdural hematoma. He was transitioned to comfort
care and died the next day without receiving anticoagula-
tion or IVC filter. This resulted in 170 patients meeting the
inclusion criteria.

The anticoagulation medications initiated for VTE treat-
ment, including doses indexed to patient weight, are listed
in Table 2. The hospital duration of anticoagulation ranged
from 1 to 127 (mean=28) days. Data was not available for
the extent that anticoagulation was continued after discharge.

Hemorrhagic complications following anticoagulation
were reported in 36 of the 170 patients (21%), see Table 1.
Major hemorrhages (n=24, 14%) included 4 (2.4%) fatal
hemorrhages. Three additional patients with altered men-
tal status after initiating therapeutic anticoagulation were
possible additional fatal intracranial hemorrhages but those
patients were transitioned to comfort care and died without
performing head CT. In this analysis they were not counted
as hemorrhagic complications.

The time between starting therapeutic anticoagulation
and documented hemorrhagic complications ranged from
1 to 60 days (mean= 14 days) with a shorter time inter-
val to the intracranial hemorrhages (9 + 10 days) and fatal
hemorrhages (mean =4 days, p=0.02 compared to nonfatal
hemorrhages).

Univariate analysis (Table 1) revealed that COVID-19
patients with hemorrhagic complications had more severe
disease, including higher rates of acute respiratory distress
syndrome, intubation, intensive care unit admission, ele-
vated LDH, AST, fibrinogen and serum creatinine. A history
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Negative RT-PCR (n=16,621)

Results Unavailable (n=254)

Positive outpatients (n=4,329)

Patients without venous duplex US exam or

chest CTPA/Perfusion scintigraphy
(2=3,507)

Incomplete Data (n=26)

Positive inpatients with venous duplex US
exam or chest CTPA/Perfusion scintigraphy not
diagnosed with VTE
(n=426)

Patient diagnosed with VTE and treated with
IVC filter without anticoagulation
(n=1)

Patient diagnosed with VTE and transitioned to
comfort care without anticoagulation

(n=1)

Fig. 1 Patient flowchart

of hypercoagulability (based upon ICD-10 coding) showed
a trend toward being protective with only 2 of 36 (6%) with
hypercoagulability having a hemorrhagic complication com-
pared to 22 of 134 (16%, p=0.1) hemorrhagic complications
in those without hypercoagulability.

Antiplatelet agents, including aspirin (n=58) and clopi-
dogrel (n=>5), were used in addition to anticoagulation in 63
of the 170 (37%) COVID-19 patients being treated for VTE.
Univariate analysis showed that hemorrhagic complications
were more common in those taking antiplatelet agents in

SARS-CoV-2-RT-PCR tested 16.875
excluded
(n=25,335)
Positive RT-PCR 7.862
excluded
(n=8.460)
Positive inpatients with venous
duplex US exam or chest
CTPA/Perfusion scintigraphy
428
(n=598) excluded
Positive inpatients diagnosed with
VTE who received therapeutic
anticoagulation
(n=170)
. , 134 .
(PE: 60, DVT: 30, Both: 80) xcluded
Patients diagnosed with VTE with
clinically relevant or major
hemorrhagic complications
(n=36)

Patients diagnosed with VTE with no clinically
relevant hemorrhagic complications
(n=134)

addition to anticoagulation (p=0.05). However, this was not
confirmed with either multivariate model.

Most patients were treated with either unfractionated
heparin (UFH) (n="76, 45%) or low molecular weight hep-
arin (LMWH) (n=81, 48%). Hemorrhage was 3.4 times
more likely with UFH 27/76 (36%) compared to 8/81 (10%)
with LMWH (p <0.001). All fatal intracranial hemorrhages
occurred following treatment with UFH and all had supra-
therapeutic activated partial thromboplastin time (aPTT) at
the time of fatal intracranial hemorrhage. This higher risk
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Table 1 Risk factors for hemorrhagic complications in COVID-19

Hemorrhagic complications

p value

Present (n=36)

Absent (n=134)

Multi-variate model 2,
n=118 w/fibrinogen

Uni-variate  Multi-variate model 1,
n=157

w/o fibrinogen

Age 61+14 63+15 0.33 0.18 0.29
Male:female (ratio) 26:10 (2.6) 88:46 (1.9) 0.46 108:49 (2.2) 49:39 (1.26)
Body mass index 30+38 28+6 0.21
History of hypercoagulability 2 (6%) 22 (16%) 0.1 0.07 0.22
Acute respiratory distress syndrome 27 (75%) 41 31%) <0.001 0.14 0.07
Acute kidney injury 18 (50%) 52 (39%) 0.13
Intensive care unit 29 (81%) 60 (45%) <0.001 0.72 0.69
Intubated 27 (75%) 41 (31%) <0.001 0.04 0.16
Initial treatment
Unfractionated heparin 27 (75%) 49 (37%) <0.001 0.04%** 0.3%%
Low molecular weight heparin 8 (22%) 73 (54%) <0.001
Oral anticoagulation 1(3%) 12 9%) 0.37
Comfort care 0 Sl 1
IVC filter only 0 | Sl 1
Combined treatment
IVC filter + anticoagulation 10 (28%)* 8 (6%)
Anticoagulation + antiplatelet agent 19 (53%) 44 (33%) 0.05 0.23 0.12
Anticoagulation w/o antiplatelet agent 17 (47%) 90 (67%)
Laboratory (on VTE diagnosis date)
Creatinine (mg/dL) 22427 1.3+1.4 0.009 0.98 0.77
AST (U/L) 269 +1002 49+38 0.01 0.28 0.35
ALT (U/L) 230+ 886 69+134 0.08
Albumin (g/dL) 23+09 22+1.4 0.78
Lactate dehydrogenase (U/L) 871+£946 356+279 <0.001 <0.001 0.005
Troponin I (ng/mL) 0.61+£1.25 0.39+0.93 0.43
Lymphocytes (x 10/pL) 9.3+26.6 4.6+89 0.09
D-dimer (ng/mL) 10,606+ 16,348 6390+ 10,561 0.07
Fibrinogen (mg/dL)*** 473273 1028 +1325 0.02 0.05
Platelet count (/pL) 268+134 310+ 148 0.13
PT (s) 16+5 15+4 0.13
aPTT (just before hemorrhage or 73+40 50+32 <0.001 0.25 0.20

2 days after AC initiation) (s)

P <0.05 are shown in bold

*All inferior vena cava (IVC) filters in patients with hemorrhage were placed after the hemorrhage

**Unfractionated heparin compared to all other agents

***Missing data for 52 (31%) patients, therefore excluded from multivariate analysis model 1

*#**These patients with VTE but not on anticoagulation were not included in the total

of hemorrhage on UFH was confirmed on a multivariate
analysis (Table 2—model 1) based upon age, sex, history
of hypercoagulability and all the parameters found to be
significant on univariate analysis (ARDS, ICU admission,
intubation, antiplatelet agent supplementing anticoagula-
tion, serum creatinine, AST, LDH, aPTT) except fibrinogen
which was not available in 52 (31%) patients.
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Serum fibrinogen was evaluated in a separate multivariate
analysis, model 2, with fewer patients (n=118) due to miss-
ing fibrinogen data on> 10% of patients, but still including
all the parameters of model 1. Model 1 maximized statistical
power with an overall R=0.61 (p <0.00001) while model 2
including fibrinogen had an overall R =0.66 (p <0.00001).
LDH was highly significantly correlated with hemorrhagic
complications for both models (p <0.001, <0.005). Serum
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Table 2 Hospital days on anticoagulation treatment and dose for COVID-19 patients with and without hemorrhagic complications
Hospital days on
. . *
Number of patients anticoagulation " Do'\jg M
Anticoagulant treatment ean (Min-Max)
Mean (Min-Max)
Hemorrh No Hemorrh No Hemorrh No H h
emorrhage | | o rrhage emorrhage | 1 orrhage emorrhage o Hemorrhage
. 36 20 20 17
Heparin 27 49 (1-88) (1-86) (13 -35) (7—30)
Units/kg/h Units/kg/h
0.9 0.9
2
Enoxaparin 8 73 (1?20) (1_;;7) (0.4-1.1) (0.3-1.3)
mg/kg Mg/kg bid
. 32 6 (2.5-10)
Apixaban 1 9 17 (1-72) 5mg mg bid
Warfarin 0 1 34 4 mgqd
Argatroban 0 1 36 1-2 mcg/kg/min
Rivaroxaban 0 1 2 20 mg qd
Total 36 134 36 (1-88) 21 (1-127)

*Corresponds to the dose at the time of hemorrhage

fibrinogen was significantly inversely associated with hem-
orrhage in the model in which it was included (p =0.05). Use
of unfractionated heparin and intubation were significantly
associated with hemorrhagic complications only in model
1 with the larger number of subjects. Model 1 also showed
a trend toward hypercoagulability being protective against
hemorrhage (p=0.07).

Discussion

This 14% rate of major hemorrhage, all within 2 months of
starting anticoagulation, in these COVID-19 patients hos-
pitalized with VTE, is more than double the major hem-
orrhage rate reported for patients on anticoagulation for
atrial fibrillation (6.2% for warfarin and 5.3% for non-oral
anticoagulation [6]), where patients are anticoagulated for
years. It is also greater than reports of a 1.8% to 4% rate of
major hemorrhages for routine anticoagulation treatment of
VTE [7-9]. The 2.4% rate of fatal hemorrhage observed in
COVID-19 patients with VTE on therapeutic anticoagula-
tion is an order-of-magnitude greater than the 0.1% to 0.3%
fatal bleeding rate reported for therapeutic anticoagulation
treatment of VTE [8, 9]. Our 2.4% fatality rate may underes-
timate risk since three additional patients with mental status
changes after initiating anticoagulation were not investigated
for ICH due to their transition to comfort-measures-only
status.

Our data are similar to Godier et al. [1] who reported an
18% rate of major bleeding in COVID-19 ICU patients on

anticoagulation. Those bleeding events occurred after fibrin-
ogen levels decreased over the preceding 3 to 5 days which is
consistent with our experience showing that low fibrinogen
is associated with increased the risk of bleeding. Fibrinogen
tends to be elevated in COVID-19 and is believed to be one
source of hypercoagulability in these patients as well as a
marker of excessive inflammation and disease severity [10].
But the initially high fibrinogen levels early in the disease
may decrease later, possibly reflecting reduced inflamma-
tory stimulation of fibrinogen production, depletion from
excessive thrombosis or decreased production from hepato-
cyte injury. This creates the dangerous situation of insuf-
ficient fibrinogen to form effective clots. Thus, high serum
fibrinogen is protective against hemorrhagic complications
and when fibrinogen is low, the benefit to risk ratio for thera-
peutic anticoagulation should be reassessed.

Elevated LDH was highly significantly related to hemor-
rhage in both of our multivariate models. This may reflect
liver injury especially since AST and ALT were also ele-
vated in the univariate analyses. Liver injury could contrib-
ute to reduced production of fibrinogen and other clotting
factors which were not measured in this study.

Given our incomplete understanding of the thrombotic
profile of COVID-19 and its variable evolution over the
course of the disease, periodic measurement of multiple
biomarkers of thrombotic risk may improve the benefits
and reduce hemorrhagic complications from anticoagula-
tion treatment of VTE [11]. Bedside, point-of-care, tests of
the entire coagulation system which can be performed fre-
quently with immediate results such as thromboelastography
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(TEG®6) or rotational thomboelastometry (ROTEM) may be
helpful for guiding anticoagulation therapy [12, 13]). The
higher risk of bleeding complications from UFH compared
to LMWH observed here is consistent with thromboelastog-
raphy measurements on COVID-19 patients showing UFH
had greater suppression of coagulation with longer reaction
times, delta R [12]. Point-of-care TEG6 measurements of
fibrinogen levels or high fibrinogen clot strength performed
frequently at the bedside may help optimize anticoagulation
and prevent hemorrhages in VTE patients.

The supratherapeutic aPTT just prior to all four fatal
hemorrhages suggests that patients on UFH may have been
over-anticoagulated. This may result from difficulties in suf-
ficiently frequently monitoring aPTT in the setting of a pan-
demic straining medical resources. It also reflects the clinical
enthusiasm for anticoagulation in COVID-19 because of the
high death rate from acute pulmonary embolism estimated to
be the cause of death for 20% in a meta-analysis of autopsy
studies [14]. These fatal complications may explain why
some studies do not observe reduced mortality in COVID-
19 treated with therapeutic anticoagulation [15]. Notably,
a mortality benefit has been observed with anticoagulation
administered at prophylactic doses [15, 16] which are less
likely to have complications. Lower fibrinogen levels in
patients with hemorrhages raises the possibility of depleted
clotting factors also contributing to increased bleeding risk.
One might hypothesize that antiplatelet agents in combina-
tion with therapeutic anticoagulation may also have contrib-
uted to increased bleeding risk although the association on
univariate analysis was only a trend on multivariate analysis
(p=0.07).

One limitation is that three patients with mental status
changes shortly following initiation of therapeutic antico-
agulation were not assessed for intracranial hemorrhage.
Those patients were transitioned to comfort care measure
only, so they died without performing head CT. We did not
count these as anticoagulation complications so our 2.4%
fatal complication rate may underestimate the true mortality.
The retrospective nature of this study is another limitation
which meant that data was not systematically collected on
all patients. Serum fibrinogen was missing for 52 patients so
we ran two multivariate models: one without fibrinogen with
more subjects and more statistical power and one with fibrin-
ogen data but fewer subjects. There was insufficient informa-
tion from the ICD10 codes identifying hypercoagulability
to differentiate genetic from acquired causes. Although we
recruited patients from 4 hospitals, the total number, 170,
with 36 hemorrhagic events is still relatively small. Since
all 4 hospitals were in New York City with cases from the
initial pandemic wave, generalizability to other locations
and to the new variants is uncertain. Furthermore, we only
studied patients who had VTE, even though anticoagulation
at various doses is commonly administered to COVID-19
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patients without VTE. However, we expect that COVID-19
patients without VTE may also be at higher risk of hemor-
rhagic events when intubated with low fibrinogen, elevated
LDH and especially when using UFH.

The decision to begin therapeutic anticoagulation to
treat VTE complicating COVID-19 should consider these
elevated risks especially when using unfractionated heparin
or when treating intubated, ICU patients with low serum
fibrinogen or elevated serum LDH.
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