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Abstract

Background: Studies report hypercoagulability in coronavirus disease 2019
(COVID-19), leading many institutions to escalate anticoagulation intensity for throm-
bosis prophylaxis.

Objective: To determine the bleeding risk with various intensities of anticoagulation
in critically ill patients with COVID-19 compared with other respiratory viral ilinesses
(ORVI).

Patients/Methods: This retrospective cohort study compared the incidence of major
bleeding in patients admitted to an intensive care unit (ICU) within a single health sys-
tem with COVID-19 versus ORVI. In the COVID-19 cohort, we assessed the effect of
anticoagulation intensity received on ICU admission on bleeding risk. We performed
a secondary analysis with anticoagulation intensity as a time-varying covariate to re-
flect dose changes after ICU admission.

Results: Four hundred and forty-three and 387 patients were included in the
COVID-19 and ORVI cohorts, respectively. The hazard ratio of major bleeding for the
COVID-19 cohort relative to the ORVI cohort was 1.26 (95% confidence interval [Cl]:
0.86-1.86). In COVID-19 patients, an inverse-probability treatment weighted model
found therapeutic-intensity anticoagulation on ICU admission had an adjusted hazard
ratio of bleeding of 1.55 (95% CI: 0.88-2.73) compared with standard prophylactic-
intensity anticoagulation. However, when anticoagulation was assessed as a time-
varying covariate and adjusted for other risk factors for bleeding, the adjusted hazard
ratio for bleeding on therapeutic-intensity anticoagulation compared with standard
thromboprophylaxis was 2.59 (95% Cl: 1.20-5.57).

Conclusions: Critically ill patients with COVID-19 had a similar bleeding risk as ORVI
patients. When accounting for changes in anticoagulation that occurred in COVID-19
patients, therapeutic-intensity anticoagulation was associated with a greater risk of

major bleeding compared with standard thromboprophylaxis.
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1 | INTRODUCTION

Patients with coronavirus disease 2019 (COVID-19) can de-
velop critical illness and respiratory failure requiring admission
to an intensive care unit (ICU). Early reports suggest microvas-
cular thrombosis and venous thromboembolism (VTE) contrib-
ute to morbidity and mortality in COVID-19.%2 Critical illness
is a well-described risk factor for VTE. ICU patients typically
receive prophylactic-intensity anticoagulation to prevent this
complication.* Studies before the COVID-19 pandemic re-
ported approximately 8% to 10% of ICU patients develop VTE
despite receiving VTE prophylaxis.“’5 Initial reports in patients
with COVID-19 suggested a much higher rate of VTE, ranging
from 17% to 69%.°71! This prompted some clinicians to increase
the intensity of anticoagulation used for VTE prophylaxis in pa-
tients with COVID-19 from standard to intermediate or even
therapeutic intensity.'>*® Potentially because of increased
awareness of the thrombotic risks of COVID-19 or use of in-
creased intensity of anticoagulation, more recent data from in-
stitutions in the United States reported a lower incidence of
thrombosis.'**> Expert guidance on VTE prophylaxis in patients
with COVID-19 has varied because of a lack of randomized con-
trolled trials.*"*® Fortunately, at the time of publication of this
study, there are a number of ongoing trials comparing anticoag-
ulation strategies in COVID-19 (NCT04362085, NCT04406389,
NCT04359277).

While we eagerly await the final results of these trials, clinicians
need real-time guidance regarding the risks and benefits of different
intensities of anticoagulation. The risk of major bleeding with varying
intensities of anticoagulation in critically ill patients with COVID-19
unknown. Furthermore, the current COVID-19 literature often lacks
a comparator group to other critically ill patients with respiratory viral
infections.

This retrospective cohort study compared major bleeding
in patients with COVID-19 to patients with respiratory failure
from other viruses. In addition, we sought to compare the bleed-
ing risk of critically ill patients with COVID-19 by intensity of
anticoagulation.

anticoagulants, COVID-19, critical illness, hemorrhage, thrombosis

e In patients with COVID-19, the bleeding risk associated with increased intensity of anticoagu-
lation for thromboprophylaxis is not well-studied.

o We performed a retrospective cohort study of critically ill patients admitted within a single
health system with COVID-19 or other respiratory viral ilinesses

o Critically ill patients with COVID-19 had a similar risk of bleeding as critically ill patients with
other respiratory viral ilinesses.

e In COVID-19 patients, therapeutic anticoagulation was associated with an increased risk of

bleeding compared to standard thromboprophylaxis.

2 | METHODS

2.1 | Patient selection

A central electronic health record (EHR) data repository was used
to identify consecutive adult patients 218 years of age admitted to
an ICU in the University of Pennsylvania Health System for virus-
related respiratory failure and who received anticoagulation during
their ICU stay. Two cohorts of patients with respiratory failure were
identified: (1) COVID-19 and (2) other respiratory viral iliness (ORVI).
The COVID-19 cohort included patients with a COVID-19 infection
confirmed by a reverse transcription polymerase chain reaction test
who were admitted or transferred to an ICU for respiratory failure
between January 1, 2020, and May 30, 2020. The ORVI cohort in-
cluded patients with respiratory failure from a viral infection other
than COVID-19 admitted to an ICU in a time-matched period in
2017, 2018, and 2019 (01/01/2017-05/30/2017, 01/01/2018-
05/30/2018, and 01/01/2019-05/30/2019). Patients with ORVI
from 2020 were excluded given possibility of unrecognized co-
infection due to lack of testing. Respiratory failure was defined as
oxygen requirement more than nasal cannula or face mask (includ-
ing high-flow nasal cannula, noninvasive ventilation, and mechanical
ventilation), consistent with the World Health Organization clini-
cal progression scale definition of “hospitalized severe disease.”*’
Patients were excluded from the study if they were admitted to the
ICU for a condition unrelated to viral infection or in the absence of
respiratory failure. This study was determined to be exempt by the
institutional review board at the University of Pennsylvania and a

waiver of informed consent was granted for this retrospective study.

2.2 | Outcomes

The primary endpoint of major bleeding was defined by the criteria
of the International Society on Thrombosis and Haemostasis (ISTH)
and included fatal bleeding, hemorrhage occurring at a critical area
or organ, or bleeding causing a fall in hemoglobin of 2 g/dl or more,
or leading to transfusion of 2 or more units of whole blood or red



HALABY ET AL.

cells.?° To avoid misclassification of bleeding events from hemodilu-
tion or anemia of critical illness, we required the 2 g/dl hemoglobin
drop or the 2-unit packed red blood cells transfusion to occur within
24 h of a documented or suspected bleeding event identified on

chart review.

2.3 | Data collection

Major bleeding was recorded from day of admission to the ICU (time
0) until either hospital discharge, in-hospital death, or data cutoff
date (6/30/2020), whichever occurred first. All COVID-19 patients
who remained hospitalized at the time of end of study had at least 30
days follow-up from the time of hospital admission. Study data were
collected using REDCap (Research Electronic Data Capture) hosted
at the University of Pennsylve\nia.21*22 A group of data abstractors
reviewed patients’ EHR to confirm study eligibility and collect data.
All data abstractors received a guide with detailed instructions on
data entry. The first 10% of each abstractors’ entries were reviewed
in duplicate by one of the lead investigators (A. M. P. or R. H.). If er-
rors in data entry were identified, further instructions were given to
the reviewer and additional entries were reviewed in duplicate until
consistent agreement. All major bleeding events recorded by data
abstractors were verified by one of the lead investigators. Any dis-

crepancies were resolved by discussion between R. H. and A. M. P.

2.4 | Classification of anticoagulation intensity
Anticoagulation was classified as standard prophylactic-intensity,
intermediate-intensity, or therapeutic-intensity anticoagulation as

follows:

1. Standard prophylactic intensity: enoxaparin <40 mg once daily,
enoxaparin 40 mg twice daily if body mass index (BMI) = 40 kg/
m?, subcutaneous heparin 5000 units or less 2 or 3 times a
day, apixaban 2.5 mg twice daily (with intent of prophylaxis),
rivaroxaban 10 mg daily, betrixaban 80 or 160 mg once daily,
heparin infusion 200-500 units/h without partial thromboplastin
time titration (used for continuous renal replacement therapy
[CRRT]), fondaparinux 2.5 mg once daily.

2. Intermediate intensity: enoxaparin 0.5 mg/kg twice daily, enoxa-
parin 40 mg twice daily for patients with BMI <40 kg/m?, or sub-
cutaneous heparin 7500 units every 8 h.

3. Therapeutic intensity: unfractionated heparin drip adjusted by
partial thromboplastin time or anti-XA level, argatroban infusion,
bivalirudin infusion, enoxaparin 1 mg/kg twice a day or 1.5 mg/
kg daily, fondaparinux 25 mg daily, warfarin, apixaban 5 or 10 mg
twice daily, rivaroxaban 15 mg twice daily or 20 mg once daily, or

dabigatran 150 mg twice daily.

We extracted from the EHR the highest intensity of anticoagu-
lant received for each day from ICU admission to discharge/death or
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data cutoff. When classifying anticoagulation by day, we entered the
maximum intensity of anticoagulation received on that day or the
day prior. This was done because of expected lags in documentation,
with daily progress notes summarizing events of the prior 24 h, in-
cluding bleeding events occurring the day prior.

2.5 | Statistical analysis

Patient characteristics, laboratory values, and intensity of anti-
coagulation on admission to the ICU were compared between the
COVID-19 and ORVI cohorts using standard descriptive statistics.
The proportion of patients who experienced a bleeding event or
in-hospital mortality were also compared between the two cohorts
using the chi-square test or Fisher's exact test when indicated.
Missing values were not imputed.

Fine and Gray's subdistribution hazard models and cumula-
tive incidence functions were used to compare bleeding outcomes
within 30 days of ICU admission between COVID-19 and ORVI
patients. Death and hospital discharge were considered compet-
ing events. Patients who remained in the hospital beyond 30 days
without a bleeding event or remained in the hospital at data cutoff
(6/30/2020) were censored.

In the COVID-19 cohort, we assessed the effect of the inten-
sity of anticoagulation received on ICU admission on bleeding
risk. We used an inverse probability treatment weighting (IPTW)
model to account for potential differences in the severity of iliness
and/or bleeding risk in patients who received different intensities
of anticoagulation. The following laboratory values were consid-
ered for inclusion in the model based on prior studies showing an
association with bleeding: international normalized ratio, platelet
count, creatinine clearance (CrCl), and total bilirubin.?®>?* We also
assessed age 265 years, use of antiplatelet agent during hospital-
ization, as well as indicators of severity of illness (use of extra-
corporeal membrane oxygenator [ECMQ], CRRT, and mechanical
ventilation).?*2> For each potential variable, we performed uni-
variate analyses predicting time to first bleeding event in Fine and
Gray subdistribution hazard models with discharge and death as
competing risks. Those variables with p < .05 or with a parameter
estimate >2 were included in a logistic regression to develop a
propensity score. Patients missing any of the covariates selected
for the IPTW model were excluded. Anticoagulation intensity on
ICU admission was classified by the maximum intensity of antico-
agulation received within 2 days of ICU admission. Patients who
did not receive anticoagulation within 2 days of ICU admission

were also excluded from the IPTW model.*®

Anticoagulation in-
tensity was entered as a predictor of bleeding using IPTW in a
Fine and Gray subdistribution hazard model. We derived cumula-
tive incidence function estimates of bleeding events by anticoag-
ulation intensity.

We expected frequent changes of anticoagulation inten-
sity may occur in patients with COVID-19 because there were

changes in institutional guidelines and published work describing
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increased risk of thrombosis during the study period. Thus, a sec-
ond competing risk analysis was performed as a sensitivity analy-
sis with anticoagulation intensity as a time-varying covariate. The
intensity of anticoagulation was allowed to vary by day and classi-
fied as the maximum intensity received on that hospital day or the
previous hospital day as described in the section “Classification of
anticoagulation intensity.” Variables found to be associated with
bleeding in our analysis of the whole cohort were entered into the
model with anticoagulation intensity as a time-varying covariate.

All analyses were performed using Stata v.14.0 or SAS v.9.4.

3 | RESULTS

3.1 | Patient characteristics
In the COVID-19 cohort, 575 unique patients were identified during
the period of interest. A total of 443 (77.0%) patients were eligible for
inclusion in this study (Figure 1A). For the ORVI cohort, 789 unique
patients were identified based on ICU admission for acute respiratory
failure with positive influenza and/or other respiratory viral polymer-
ase chain reaction during the period of interest. Of these, 387 (49.0%)
patients were eligible for inclusion in this study (Figure 1B).

The baseline demographic and clinical characteristics of the

two cohorts are summarized in Table 1. There were differences

A

575 unique patients with COVID-19 positive PCR + admission to the ICU
+ anticoagulant ordered during index encounter from 01/01/2020 —
5/31/2020

between the two cohorts with respect to race and ethnicity as
recorded in the EHR, with fewer White individuals (34.3% vs.
46.5%, p < .001) and more patients of Hispanic/Latino ethnicity
(10.6% vs. 2.1%, p < 0.001) in the COVID-19 cohort. Mean (stan-
dard deviation) BMI was higher in the COVID-19 cohort com-
pared with the ORVI cohort (31.3 [9.6] kg/m? vs. 29.2 [9.6] kg/m?,
p = 0.002). More ORVI patients were prescribed anticoagulation
as outpatients before the index admission (22.5% vs. 14.4%, p =
0.003).

Table 2 describes the clinical features during the index
hospitalization and laboratory values on admission to the ICU
for the two cohorts. The median duration of the ICU admis-
sion in patients in the COVID-19 cohort was 11 (interquar-
tile range 5-20) days versus 4.0 (interquartile range 2.0-10.0)
days in the ORVI cohort. A total of 71.8% of COVID-19 pa-
tients required mechanical ventilation compared with 55.0%
of ORVI patients (p < .001). In-hospital mortality was higher in
the COVID-19 group compared with the ORVI cohort (37.5%
vs. 21.4%, p = .003). A total of 4.3% (19/443) of patients in the
COVID-19 cohort remained hospitalized at time of data cut-
off and were classified as alive in this analysis. Inflammatory
and coagulation markers (C-reactive protein, fibrinogen, and
D-dimer) were elevated in COVID-19 patients; however, these
markers were not frequently drawn in the ORVI cohort (>50%

missing) and thus comparisons were not performed.

B

789 unique patients with respiratory viral panel positive and/or
influenza PCR positive + admission to the ICU + anticoagulant
ordered during their encounter during one of three time periods:

1. 01/01/2017 - 05/30/2017

2.01/01/2018 - 05/30/2018

3. 01/01/2019 — 05/30/2019

132 (23.0%) excluded
only)
non-respiratory etiology
after admission to ICU
ventilation or ventilator support
panel during admission

immediately on admission with no
laboratory monitoring

- 24 (4.2%) not admitted to ICU (step down -
- 45 (7.8%) admitted to ICU for alternate
10 (1.7%) never received anticoagulation -
- 41 (7.1%) did not receive non-invasive
- 11 (1.9%) did not have a positive viral

- 1(0.2%) made comfort measure only

402 (51.0%) excluded

123 (15.6%) not admitted to ICU (step

down only)

- 142 (18.0%) admitted to ICU for

alternate non-respiratory etiology

22 (2.8%) never received

anticoagulation after admission to ICU

- 108 (13.7%) did not receive non-
invasive ventilation or ventilator support

- 4(0.5%) did not have a positive viral
panel during admission

- 3(0.4%) did not have full records
available for review

A\ 4

| 443 patients included in COVID-19 cohort |

v

387 patients included in the other
respiratory viral iliness cohort

FIGURE 1 Cohort selection flow diagram. (A) Cohort selection diagram for the COVID-19 cohort. (B) Cohort selection diagram for the
ORVI cohort. Respiratory viral panel includes influenza A, influenza B, parainfluenza 1-4, respiratory syncytial virus A/B, adenovirus, human
metapneumovirus, coronavirus (non-SARS-COV-2), rhinovirus/enterovirus, Chlamydia pneumonia, Mycoplasma pneumonia. Abbreviations:
COVID-19, coronavirus disease 2019; ICU, intensive care unit; ORVI, other respiratory virus infection; PCR, polymerase chain reaction;

SARS-COV-2, severe acute respiratory syndrome coronavirus 2
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TABLE 1 Baseline demographics and clinical features prior to admission for COVID-19 versus other respiratory viral iliness cohorts

Age (y), median (IQR)
Female, N (%)
Race, N (%)
White
Black
Asian or Pacific islander
Other
Unknown/missing
Hispanic/Latino ethnicity, N (%)
Body mass index, mean (SD)
Coronary artery disease?, N (%)
Hypertension?, N (%)
Dyslipidemia?, N (%)
Diabetes?, N (%)
Heart failure?, N (%)
Presence of left ventricular assist device?, N (%)
Stroke?, N (%)
Chronic lung disease?, N (%)
Chronic liver disease?, N (%)
Chronic kidney disease®, N (%)
End stage renal disease on dialysis®, N (%)
History of prior or current malignancy?, N (%)
Organ transplant recipient®, N (%)
Smoking (any), N (%)
Active, N (%)
Former, N (%)
Missing, N (%)
Charlson Comorbidity Index®, mean (SD)
Use of anticoagulant prior to hospitalization, N (%)
Indication for anticoagulant use before hospitalization®, N (%)
None
Prior venous thromboembolism
Atrial fibrillation or flutter
Mechanical or bioprosthetic valve
Prior stroke

Other indication

COVID-19 ORVI
N =443 N = 387 p

66 (55-75) 64 (55-75) 28
192 (43.3) 189 (48.8) 11
148 (34.3) 173 (46.5) <001
234 (54.3) 173 (46.5)

32(7.4) 11(3.0)

17 (3.9) 15 (4.0)

12() 15 ()

46(10.6) 8(2.1) <.001
31.3(9.6) 29.2 (9.6) .002
56 (12.6) 55 (14.3) 49
295 (72.0) 221 (60.5) <001
176 (44.1) 108 (29.8) <001
166 (37.5) 102 (26.5) <001

57 (12.9) 76 (19.7) .007
1(0.2) 1(0.3) 92
46(10.4) 31(8.1) 28
100 (22.6) 178 (46.2) <001
9 (2.0) 6(1.6) 80
42(9.5) 30(7.8) 46
14(3.2) 14 (3.6) 71
71 (16.0) 113 (29.4) <001
3(0.7) 30(7.8) <001
160 (36.1) 235 (60.7) <001
19 (4.2) 56 (14.4)
141 (31.8) 179 (46.2)
73 (16.5) 24 (6.2)
1.2 (1.85) 1.9(2.18) <001
64 (14.4) 87 (22.5) 003
379 (85.6) 300 (77.5) 003
28 (6.3) 34(8.8) 18
29 (6.5) 45 (11.6) 01
0 1(0.3) 47
3(0.7) 5(1.3) 48
9 (2.0) 10 (2.6) .60

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; ORVI, other respiratory virus infection; SD, standard deviation.

?Presence of medical condition noted in encounter before index hospitalization admission date. In patients without prior encounters, initial admission

note was reviewed for presence of the medical condition.

bCalculated from International Classification of Diseases-10 codes from any encounters before admission.

“Patients could have more than one indication for anticoagulation.

3.2 | Anticoagulation following ICU admission

Table 3 summarizes the intensity of anticoagulation therapy received
on admission to the ICU (day 0) and any subsequent increase in an-
ticoagulation intensity from time of ICU admission to hospital dis-
charge or in-hospital death. In the COVID-19 cohort, more patients

had at least one increase in intensity of anticoagulation following
admission to the ICU compared with the ORVI cohort (59.8% vs.
25.8%, p < 0.001). The most common reason for increasing inten-
sity of anticoagulation in the COVID-19 cohort was “deterioration
in clinical status” (48.2%) in comparison to “atrial fibrillation/flutter”
(26.0%) in the ORVI cohort.
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TABLE 2 Clinical features and laboratory values during index hospitalization for the COVID-19 and ORVI cohorts
COVID-19
N =443 ORVIN =387 p
Clinical features during index admission
Type of viral infection, N (%)
COVID-19 443 (100.0) 0 NR?
Adenovirus 1(0.8) 18 (4.7)
Metapneumovirus 0 48 (12.4)
Influenza A/B 0 136 (35.2)
Coronavirus (not COVID-19) 0 42 (10.9)
Mycoplasma pneumonia 0 1(0.3)
Parainfluenza 0 34 (8.8)
Rhinovirus or enterovirus 0 70 (18.1)
Respiratory syncytial virus A or B 0 39(10.1)
Total duration of hospitalization® (d), median (IQR) 18 (10.0-31.0) 10.0 (6.0-21.0) <.001
Days in ICU¢, median (IQR) 11 (5.0 -20.0) 4.0 (2.0-10.0) <.001
Mechanical ventilator use, N (%) 318 (71.8) 213 (55.0) <.001
CRRT and/or dialysis, N (%) 89 (20.1) 67 (17.3) 31
ECMO use, N (%) 22 (5.0) 32(8.3) .05
Patient status at discharge, N (%)
Alive 258(58.2) 304 (78.6) <.001
Deceased 166 (37.5) 83(21.4)
Remains hospitalized at end of study period 19 (4.3) 0(0)
Medications received during hospitalization
Any antiplatelet agent, N (%) 174 (39.3) 158 (40.8) .65
Aspirin, N (%) 170 (38.4) 151 (39.0)
Clopidogrel, N (%) 27 (6.1) 23(5.9)
Ticagrelor, N (%) 3(0.7) 4(1.0)
Prasugrel, N (%) 0 0
Nonsteroidal anti-inflammatory drugs, N (%) 53(12.0) 51(13.2) .60
Lipid-lowering medications, N (%) 212 (47.9) 170 (43.9) 26
At least one pressor received during hospitalization, N (%) 288 (65.0) 172 (44.5) <.001
ACE inhibitor, ARB, or angiotensin receptor antagonist/neprilysin inhibitor, N (%) 73 (16.5) 90 (23.3) .01
Hydroxychloroquine, N (%) 244 (55.1) 4(1.0) <.001
Oseltamivir, N (%) 2(0.5) 185 (47.8) <.001
Remdesivir, N (%) 89 (20.1) 0 <.001
Tocilizumab, N (%) 16 (3.6) 0 <.001
Azithromycin, N (%) 118 (26.6) 234 (60.5) <.001
Lopinavir-ritonavir, N (%) 1(0.2) 0 1
Zinc, N (%) 35(7.9) 5(1.3) <.001
Steroids, N (%) 320(72.2) 267 (69.0) 31
Convalescent plasma, N (%) 19 (4.3) 0 NR?
Laboratory values on ICU admission?
Hemoglobin (g/dl), mean + SD 121+2.2 11.1+£2.2 <.001
Missing, N (%) 0 (0) 0(0)
White blood count (k/ul), mean + SD 9.5+51 11.0+ 6.9 13¢
Missing, N (%) 1(0.22) 1(0.26)

(Continues)
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TABLE 2 (Continued)

Platelets (x10°/L), mean + SD
Missing, N (%)

Creatinine (mg/dl), mean + SD
Missing, N (%)

Total bilirubin (mg/dl), mean + SD
Missing, N (%)

INR, mean + SD

Missing, N (%)

Fibrinogen (mg/dl), mean + SD
Missing, N (%)

Noncardiac CRP (mg/dl), mean + SD
Missing, N (%)

D-dimer [pug/ml (FEU)], mean + SD
Missing, N (%)

Troponin (ng/ml), mean + SD
Missing, N (%)

NT-pro BNP (pg/ml), mean + SD
Missing, N (%)

jtj“ | 1539

COVID-19

N =443 ORVI N =387 p
226 +99 202 + 100 <001
0(0) 3(0.77)

2.01+3.04 176 +1.98 82¢
0(0) 0(0)

07+04 09+20 21°
6(1.4) 54 (14.0)

1.35+0.5 1.32+0.6 08¢
54 (12.1) 58 (0)

578 + 197 534 + 243 NR?
302 (68.2) 338 (87.3)

30.9 +50.6 79.7 + 96.4 NR?
146 (33.0) 368 (95.1)

3.06+3.38 3.46 +3.46 NR?
130(29.3) 349 (90.2)

0.13+0.78 0.17 + 0.64 002
140 (31.6) 132 (34.1)

4738 + 9182 7214 + 10,668 001°
252 (56.9) 184 (47.4)

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; CRP, C-reactive protein; ICU, intensive care unit; INR,
international normalized ratio; IQR, interquartile ratio; NR, not reported; NT-pro BNP, N-terminal pro B type natriuretic peptide; ORVI, other
respiratory virus infection; PTT, partial thromboplastin time; SD, standard deviation.

?Comparison between cohorts was not reported if less than 20% of either cohort had laboratory value performed.

®Time of hospitalization until discharge from the health system. Time includes discharge to inpatient hospice facility if part of the hospital system.

“Multiple ICU transfers could occur during index admissions (e.g., patient transferred to the ICU then to the general medical floor and then ICU). Days
in ICU reflect all the days spent in the ICU during the index admission and exclude time spent in the general medical floor.

dLaboratory values on day of ICU admission or within 48 h if not drawn on day of ICU admission.

®Data log transformed and results of t test of log-transformed data listed.

3.3 | Outcomes

3.3.1 | Description of major bleeding events

Table 4 describes the major bleeding events that occurred in the
COVID-19 and ORVI cohorts. A major bleeding event occurred in
14.7% (65/443) of patients in the COVID-19 cohort. A total of 94
bleeding events occurred in these 65 patients. Nonfatal critical
organ bleed occurred in 2.0% (9/443) of COVID-19 patients and fatal
bleed occurred in 0.9% (4/443) . Anticoagulation was administered
in 93.8% of COVID-19 patients on the day of or day before the first
major bleeding event, with 75.4% receiving therapeutic-intensity an-
ticoagulation. All six patients with COVID-19 who experienced an
intracranial hemorrhage received therapeutic intensity anticoagula-
tion on the day of bleeding. Notably, five of the six patients required
ECMO support during their hospitalization.

In the ORVI cohort, 11.4% (44/387) of patients had a major
bleeding event. A total of 65 events occurred in these 44 pa-
tients. Nonfatal critical organ bleed occurred in 2.1% (8/387) of
patients and 1.0% (4/387) of patients experienced a fatal bleed
. Anticoagulation was administered in 88.6% of ORVI patients
on the day of or day before the first major bleeding event, with
75% receiving therapeutic-intensity anticoagulation. Three of

the six ORVI patients who experienced an intracranial hemor-
rhage were receiving therapeutic anticoagulation on the day of
bleed. All three of these patients required ECMO during their
hospital stay.

3.3.2 | Comparison of bleeding outcomes between
COVID-19 and ORVI cohorts

The estimated cumulative incidence of major bleeding at 7, 14, and
30 days was 5.2%, 9.8%, and 14.3% in the COVID-19 cohort versus
4.1%, 7.8%, and 11.6% in the ORVI cohort (Figure 2). The hazard
ratio of major bleeding for the COVID-19 cohort relative to the ORVI
cohort was 1.26 (95% confidence interval [Cl]: 0.86-1.86).

3.3.3 | Comparison of bleeding outcomes by
anticoagulation intensity in the COVID-19 cohort

Variables found to be associated with time to first bleeding event in
the COVID-19 cohort in univariate analysis included ECMO, mechani-
cal ventilation, dialysis, or CRRT, and CrCl <30 ml/min on admission to
the ICU and were included in the final balanced model for the IPTW
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TABLE 3 Anticoagulation on admission

COVID-19 ORVI . . .
= HIE P increases nanicoagulation tensity
Anticoagulation intensity on admission to ICU, N (%) following intensive care unit admission by
Standard prophylactic 216 (48.8) 252 (65.1) <.001 cohort
Intermediate 4 (19.0) 8(2.1)
Treatment 127 (28.7) 104 (26.9)
Home warfarin held because of therapeutic/ 4(1.0) 4(1.0)
supratherapeutic INR
None? 12(2.7) 19 (4.9)
Anticoagulation intensity increase following ICU admission, N (%)
Yes 189 (59.8) 73(25.8) <.001
No 127 (40.1) 210 (74.2)
Ineligible (already on therapeutic intensity) 127 (28.7) 104 (26.9)
Reason for increase in anticoagulation intensity, N (%)b
Suspected thrombosis 5(7.9) 5(5.5) <.001
Confirmed thrombosis 27 (14.3) 12 (16.4)
Deterioration in clinical status 1(48.2) 4 (5.5)
Atrial fibrillation or flutter 14 (7.4) 19 (26.0)
Initiation of ECMO 1(0.53) 8(11.0)
Concern for heparin-induced 1(0.53) 1(1.4)
thrombocytopenia
Elevated D-dimer/concern for 12 (6.4) 0(0)
hypercoagulability
Institutional guidelines 3(1.6) 0(0)
Contraindication to anticoagulation 6(3.2) 7 (9.6)
resolved®
Other/unknown 19 (10.6) 17 (23.2)

Abbreviations: COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane

oxygenator; ICU, intensive care unit; INR, international normalized ratio; ORVI, other respiratory

virus infection.

2Patients were not on anticoagulation on day of admission to the ICU. All patients eventually

received anticoagulation at a later date.

bIf patient had increase in anticoagulation intensity, the reason for anticoagulation intensity

increase was reflected in clinical progress notes.

“Number of patients who had anticoagulation initially held because of contraindication such as
bleeding, severe thrombocytopenia, or elevated INR and then resumed anticoagulation when

contraindication resolved.

method. One patient did not have baseline CrCl available and was ex-
cluded from the analysis. In this IPTW model, where anticoagulation
intensity was defined as the maximum intensity of anticoagulation ad-
ministered within 2 days of ICU admission, 9/443 (2.03%) of patients
did not receive any anticoagulation within 48 h of ICU admission and
were excluded from the analysis. Figure 3 shows the stabilized weight-
adjusted cumulative incidence curves for the effect of anticoagulation
intensity on major bleeding in the COVID-19 cohort. Among 433 pa-
tients with COVID-19, the IPTW-adjusted estimated cumulative inci-
dence of major bleeding at 30 days was 12.14%, 9.64%, and 18.16%
with standard prophylactic-intensity, intermediate-intensity, and
therapeutic-intensity anticoagulation, respectively. Compared with
standard prophylactic intensity, intermediate-intensity anticoagula-
tion was not associated with an increased risk of major bleeding in the
IPTW model (adjusted hazard ratio [aHR]: 0.78; 95% CI: 0.34-1.78).

Therapeutic-intensity anticoagulation on ICU admission was not as-
sociated with increased risk of major bleeding compared to standard
thromboprophylaxis (aHR: 1.55; 95% Cl: 0.88-2.73).

In the COVID-19 cohort, we noted frequent changes in anticoagula-
tion intensity from the time of ICU admission compared with day of exit
from the analysis. A total of 29.3% of patients initially on standard pro-
phylactic intensity and 23.9% of patients initially on intermediate inten-
sity escalated to therapeutic intensity anticoagulation. De-escalations in
therapy were also frequent, with 23.6% of patients on therapeutic inten-
sity changing to intermediate or standard prophylactic-intensity antico-
agulation at the end of the observation period. Thus, we also assessed
anticoagulation as a time-varying covariate in the model by classifying
the intensity of maximum intensity received on that day or the day be-
fore account for these frequent changes in doses. After adjustment for
ECMO, mechanical ventilation, CRRT, and dialysis, therapeutic-intensity
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TABLE 4 ISTH major bleeding events
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Sz;((:)rrifstion in the COVID-19 and ORVI 52\253_19 25\287 p
Any ISTH major bleeding event, N (%)?
Yes 65 (14.7) 44 (11.4) .16
No 378(85.3) 343(86.3)
ISTH criteria met (highest severity)b, N (%)
Decrease in hemoglobin 22 g/dl and/or 2-unit 52(11.7) 32(8.3) _
pRBC transfusion®
Nonfatal critical organ bleed 9(2.0) 8(2.1)
Fatal bleed 4 (0.9) 4(1.0)
Maximum intensity of anticoagulation received on day of or day before the first bleeding event,
N (%)
None 4(6.2) 5(11.4) _
Standard prophylactic 8(12.3) 6(13.6)
Intermediate 4(6.2) 0 (0)
Therapeutic 49 (75.4) 33(75.0)
Type of major bleeding event(s)?, N (%)
Gastrointestinal bleed 25 (5.6) 17 (4.4) _
Hemoptysis 2(0.5) 3(0.8)
Hematuria 3(0.7) 2(0.5)
Epistaxis 1(0.2) 1(0.4)
Surgical or procedural site bleeding 11 (2.5) 7 (1.8)
Intracranial bleed 6(1.4) 6(1.6)
Retroperitoneal bleed 6(1.4) 5(1.3)
Pericardial bleed 0(0) 1(0.3)
Intramuscular bleed without compartment 8(1.8) 5(1.3)
syndrome
Vaginal bleed 2(0.5) 1(0.3)
Other 9(2.0) 6(1.6)

Abbreviations: COVID-19, coronavirus disease 2019; ISTH, International Society on Thrombosis
and Haemostasis; ORVI, other respiratory virus infection; pRBC, packed red blood cells.

Number reflects one event per patient. In the COVID cohort, 94 total events occurred in 65
patients. In the ORVI cohort, 65 total events occurred in 44 patients.

PThe clinically most severe event that occurred during the hospitalization is recorded in the
following order of severity: fatal bleed >critical organ bleed >packed red blood cell transfusion
and/or 2 g/dl hemoglobin drop.

‘Required 2 g/dl hemoglobin decrease and/or 2-unit pRBC transfusion to occur within 24 h.

dNumbers reflect the presence of bleeding at specific site during the study period (includes first
event and recurrent bleeding events if they were at different sites). Patients could have more than
one type of major bleeding event. Multiple events of the same type occurring in a single patient are

not recorded.

anticoagulation was associated with an increased risk of bleeding
compared with standard thromboprophylaxis (aHR: 2.59; 95% CI:
1.20-5.57) (Table 5). Intermediate-intensity anticoagulation was not
associated with increased risk of bleeding compared with standard-
intensity thromboprophylaxis (@aHR: 0.66; 95% Cl: 0.20-2.23).

4 | DISCUSSION

Many studies report an increased thrombotic risk in COVID-19,
but few provide a detailed evaluation of bleeding events.* A large

multiplatform randomized controlled trial paused enrollment for
ICU patients with COVID-19 because of futility of therapeutic
anticoagulation (NCT04505774).%¢ Preliminary results showed
therapeutic anticoagulation did not improve hospital survival or
days free of organ support compared with usual care pharmaco-
logical thromboprophylaxis without difference in major bleeding
compared with standard thromboprophylaxis.?” We performed a
methodologically rigorous retrospective study to determine the
incidence of major bleeding in critically ill patients with COVID-19.
First, we found that the bleeding risk in COVID-19 was similar to
that of other respiratory viral ilinesses. Next, we focused on the
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FIGURE 2 Cumulative incidence of major bleeding events in

the entire population (COVID-19 and ORVI cohorts). The primary
analysis used Fine and Gray's subdistribution hazard models to
determine the association of COVID-19 compared with ORVI with
bleeding outcomes within 30 days of ICU admission. Death and
hospital discharge were considered competing events. Patients
who remained in the hospital beyond 30 days without a bleeding
event or remained in the hospital at data cutoff (6/30/2020) were
censored. Abbreviations: COVID-19, coronavirus disease 2019; ICU,
intensive care unit; ORVI, other respiratory virus infection
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FIGURE 3 Inverse probability treatment weighting (IPTW).
Adjusted cumulative incidence of major bleeding by anticoagulation
intensity in the COVID-19 cohort. The IPTW adjusted cumulative
incidences of bleeding by various intensities of anticoagulation
defined as the maximum intensity of anticoagulation received
within 2 days of ICU admission in COVID-19 patients are shown.

A total of 10 patients were excluded from the IPTW analysis (nine
did not receive anticoagulation within 2 days of ICU admission and
1 had missing baseline creatinine clearance); thus, 433 patients
were included in the IPTW analysis. Death and hospital discharge
were considered competing events. Patients who remained in the
hospital beyond 30 days without a bleeding event or remained

in the hospital at data cutoff (6/30/2020) were censored.
Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive
care unit

COVID-19 cohort to determine whether the intensity of antico-
agulation received was associated with an increased risk of major
bleeding. When examining only the anticoagulant received on ICU
admission in an IPTW model, we did not find an effect of the in-
tensity of anticoagulation on bleeding risk.'> However, when we
accounted for frequent changes in the anticoagulation intensity
after admission to the ICU, we found an increased risk of bleed-
ing among patients on therapeutic versus standard prophylactic-
intensity anticoagulation.

Prior studies have reported an incidence of major bleed-
ing in COVID-19 patients of approximately 3% to 8% of all pa-
tients.}%141328 The preliminary results of the clinical trial on
therapeutic anticoagulation in critically ill COVID-19 patients re-
ported a rate of major bleeding of 3.5% in the therapeutic-intensity
anticoagulation arm, though the final results are still pending.27
Compared with these studies, we found a higher proportion of
COVID-19 patients experienced major bleeding events (14.7%).
This is likely because of differences in our study population and
design. First, we only studied critically ill patients who likely have
a higher bleeding risk than that of ward patients. Second, we also
included patients who required ECMO. Third, roughly one-half of
the patients in our study received an intensity of anticoagulation
higher than standard prophylaxis on admission to the ICU. This is
in contrast to some studies, such as Al-Samkari et al., where 86%
of patients received standard prophylaxis.}* Last, we performed
chart review to evaluate for bleeding events using the ISTH defi-
nition, which differed from some of the other studies that used
administrative data or other bleeding definitions (e.g., World
Health Organization definition of major bleeding). Our study find-
ings were more consistent with a single center French study of
critically ill COVID patients, where the incidence of hemorrhagic
events was 21% patients.?? Overall, it is difficult to compare
bleeding outcomes between studies because of these differences.

A few studies showed therisk of thrombosis is higherin COVID-19
compared with other viral infections.>° However, to the best of our
knowledge, no study compared major bleeding outcomes between
COVID-19 and patients with other viral respiratory illnesses. A na-
tionwide cohort using administrative data reported a higher inci-
dence of hemorrhagic stroke in patients with COVID-19 compared
to those with influenza infection.®! In our study, a similar proportion
of patients in each cohort experienced an intracranial hemorrhage
(1.4% in the COVID-19 cohort and 1.6% in the ORVI cohort).

In our study, when anticoagulation was assessed as a time-
varying covariate, we found an increased bleeding risk with ther-
apeutic anticoagulation in the COVID-19 cohort. This is similar to
findings in a non-critically ill cohort of patients with COVID-19,
in which higher doses of anticoagulation had an incident rate for
major or clinically-relevant non-major bleeding of 24 per 100
person-months compared with 6.9 per 100 person-months in pa-
tients receiving standard prophylactic-intensity anticoagulation.®?
Another study in critically ill patients with COVID-19 found that
two-thirds of major bleeding events occurred while patients were
receiving therapeutic-intensity anticoagulation.®® Together with our
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TABLE 5 Fine and Gray competing risk model for major bleeding by anticoagulation intensity in COVID-19 patients

Unadjusted Subhazard Ratios

(95% ClI)®

Anticoagulation Intensity (varying by day)®
Reference
0.75(0.22-2.52)
3.02(1.43-6.38

None 2.36(0.63-8.86
ECMO® 4.56 (2.33-8.94)
6.04 (2.18-16.70)
0.52(0.08-3.29)
2.40(1.16-4.97)

Standard prophylactic
Intermediate

Therapeutic )
)
Mechanical ventilation®

CRRT/Dialysis ©
CRRT/Dialysis*time

Adjusted Subhazard Ratios

p (95% Cl) @ p
- Reference -
.642 0.66 (0.20-2.23) .50
.004 2.59 (1.20-5.57) .02
.203 1.92(0.49-7.51) .35
<0.001 2.84(1.42-5.69) .003
<0.001 1.91 (0.64-5.75) .25
0.488 2.74 (1.58-4.72) <.001

0.018

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; CRRT, continuous renal replacement therapy; ECMO, extracorporeal

membrane oxygenator.

?Fine and Gray subdistribution hazard ratios with competing risk of discharge or death was used for this analysis, with anticoagulation as time-varying

covariate.

bAnticoagulation was classified by the maximum dose of anticoagulation received on the same day or day prior. Anticoagulation was entered as a

time-varying covariate in the model.
“Use of listed organ support device at any time during hospitalization.

dEffect of CRRT/dialysis varied with time in the univariate Fine and Gray competing risk model (violated proportional hazards). Covariate reported

with the interaction with time.

study, these findings caution against the use of higher than stan-
dard prophylactic-intensity anticoagulation while we await results
of randomized trials to confirm or deny their benefit. Although we
did not find an increased risk of bleeding in intermediate intensity
compared with standard prophylaxis, our findings are limited by the
relatively small number of patients receiving intermediate-intensity
anticoagulation. Randomized clinical trials of intermediate- versus
therapeutic-intensity anticoagulation in COVID-19 are under way
(NCT 04367831).

This study has several limitations. We divided anticoagulation
intensity into three discrete categories. Although our classification
scheme s similar to that used by the American Society of Hematology
guideline on COVID-19 and anticoagulation,'® we acknowledge that
such classification is arbitrary and that, in reality, anticoagulant in-
tensity is a continuous rather than a categorical variable. Importantly,
in this retrospective study, the anticoagulation intensity was deter-
mined by treating clinicians. There are likely differences in baseline
bleeding risk between patients who were treated with therapeutic-
intensity anticoagulation compared with those treated with standard
thromboprophylaxis or intermediate-intensity anticoagulation. We
attempted to account for this potential bias with use of an IPTW
model, which adjusted for known risk factors for bleeding. However,
it is possible that there are other factors that affect the bleeding risk
that are not accounted for by this method.

Moreover, anticoagulation intensity was frequently changed
during a patient's hospital course, particularly in the COVID-19 co-
hort. A frequent indication for escalation of anticoagulation intensity
was deterioration in clinical status, which may have served as a con-
founding variable in our analysis because clinical deterioration may,
itself, be a risk factor for major bleeding. With the classification not
remaining constant over time, it was challenging to study the effect

of the intensity of anticoagulation on bleeding. The majority of pre-
vious studies on COVID-19 have not accounted for changes in anti-
coagulant intensity during hospital admission.!*1>3% We attempted
to account for these changes by assessing anticoagulation intensity
as a time-varying covariate. Major bleeding is difficult to adjudicate
retrospectively as event adjudication depends on the quality of EHR
documentation. Decreases in hemoglobin in critical illness can be
due to causes other than bleeding such as hemolysis and hemodilu-
tion.3* To minimize misclassification of bleeding events, we required
documentation of bleeding in the progress notes or imaging reports
and were rigorous in our adjudication of events.

In addition, we did not exclude patients who had a chronic indica-
tion for anticoagulation. It is possible that patients who had tolerated
anticoagulation previously may be less likely to experience bleeding
events; however, this is unknown in the setting of COVID-19 and
associated coagulopathy. Also, there are many hemostatic derange-
ments in critical illness (such as thrombocytopenia, renal failure, and
hepatic dysfunction) that may alter the tolerance of anticoagulation
among patients on chronic anticoagulation; therefore, we believed
it was important to include these patients in our study. In the entire
study population (ORVI and COVID-19 cohorts), 151 of 830 (18.2%)
patients were on chronic anticoagulation; of those 151 patients,
115 (76.2%) received therapeutic dose anticoagulation on ICU ad-
mission. Major bleeding occurred in 109/830 (13.1%) patients in the
entire study population (COVID-19 and ORVI cohorts) compared
with 23/151 (15.2%) among those who were on chronic anticoagu-
lation at baseline. Thus, the rate of major bleeding was not lower in
patients on chronic anticoagulation. Although patients with an in-
dication for chronic anticoagulation were generally excluded from
the thromboprophylaxis randomized controlled trials, we believe the
inclusion of these patients is important as heightened bleeding risk
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may suggest consideration of temporarily withholding therapeutic
anticoagulation for indications with low daily thrombotic risk (e.g.,
some patients with atrial fibrillation).

In this study, we did not exclude patients with an episode of
major bleeding before ICU admission. Although patients could the-
oretically have had ongoing bleeding before admission, we believe
this would be a rare event as most patients with ongoing or very
recent major bleeding would have anticoagulation held and would
therefore be excluded from our cohort for not receiving anticoagula-
tion. We did not report prior episodes of major bleeding as a risk fac-
tor for bleeding in this study. With retrospective data from a single
health system, we could not reliably report if a patient had a previous
episode of major bleeding as they may have presented to a hospital
outside of our health system. Finally, we anticipated frequent esca-
lations in anticoagulation because many studies during our observa-
tion period reported increased thrombotic risk in critically ill patients
with COVID-19.1? Thus, we extracted from the EHR recorded rea-
sons for escalations in anticoagulation intensity. We did not collect
data on why anticoagulation intensity was de-escalated. Possible
reasons for de-escalation include bleeding or concerns about bleed-
ing risk, need for invasive procedures, diagnostic imaging revealing
no thrombosis, or clinical improvement. Further prospective studies
are needed to better describe these practice patterns.

Therapeutic anticoagulation was associated with an increased
risk of major bleeding compared to standard-intensity thrombopro-
phylaxis in critically-ill patients with COVID-19. The optimal strategy
for thromboprophylaxis in COVID-19 critical illness remains unclear.
This real-world study in addition to the early reports of futility from
randomized controlled trials question the safety and efficacy of
therapeutic anticoagulation in ICU patients with COVID-19.
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