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Take-home Point

The incidence of thrombotic complications is high in
critically ill patients with COVID-19. The use of
high-dose prophylactic anticoagulation is associated
with a reduction
increasing the risk of bleeding.

in thrombotic risk without

Patients with severe pneumonia resulting from severe
acute respiratory syndrome coronavirus 2 infection
admitted to ICUs have high rates of thrombotic
complications (TCs), particularly pulmonary embolism.
According to several studies, the proportion of
hospitalized patients experiencing TCs ranges from
18% to 37%, despite the use of regular prophylactic
anticoagulation." The risk of TC seems to be

particularly high in critically ill patients admitted to
ICUs.””

Although standard pharmacologic thromboprophylaxis
is recommended in hospitalized patients, several expert
groups have proposed to increase anticoagulant dosing
in critically ill patients with coronavirus disease 2019
(COVID-19).° In particular, the French Working Group
on Perioperative Hemostasis and the French Study
Group on Thrombosis and Hemostasis have proposed to
increase the dose of anticoagulant progressively based on
thrombotic risk factors that include obesity, high oxygen
demand, need for mechanical ventilation, and
biomarkers of major inflammation or
hypercoagulability, despite the lack of evidence
supporting this strategy.” We aimed to study the
incidence of TCs and bleeding in critically ill patients
with COVID-19 and to examine their relationship to the
dose of prophylactic anticoagulation administered.

Methods

Study Design and Participants

We conducted a retrospective chart review of all consecutive adult
patients admitted to eight French ICUs for severe laboratory-
confirmed COVID-19 pneumonia between March 21 and April 10,

(A. Godon, M. Ulliel-Roche, and P. Albaladejo), Grenoble Alpes
University Hospital, Grenoble, the University of Lille (J. Poissy),
Inserm U1285, CHU Lille, Pole de Réanimation, CNRS, UMR 8576 -
UGSF - Unité de Glycobiologie Structurale et Fonctionnelle, the
Department of Anesthesiology and Critical Care (D. Garrigue), Sur-
gical Critical Care, Centre Hospitalier Universitaire Lille, the Univer-
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Care, Department of Anesthesiology and Critical Care, Institut Pasteur
de Lille, U1019—UMR 9017—CIIL—Center for Infection and Im-
munity of Lille, the Hemostasis Department (S. Susen), Heart and
Lung Institute, CHU Lille, Lille, the Department of Anesthesiology and
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Pompidou Hospital, Assistance Publique-Hopitaux de Paris, Paris
University, Paris, the Department of Anesthesiology and Intensive
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2020. The protocol was approved by the University Hospital of
Strasbourg Ethics Committee (Reference: CE-2020-76) and was
registered at ClinicalTrials.gov (Identifier: NCT04405869). Partial
data from 32 patients from the University Hospital of Strasbourg
and 107 patients from the University Hospital of Lille were
published previously.™*

Demographic characteristics and relevant comorbidities were collected
at admission (day 0). Data regarding clinical management,
pharmacologic ~ thromboprophylaxis, laboratory  results, and
thrombotic and bleeding events were collected for each patient from
ICU admission and up to 14 days of follow-up in the ICU at six
prespecified time points (day 1, day 2, day 5, day 8, day 11, and day
14), defining six different periods of evaluation: admission to day 1,
day 1 to day 2, day 2 to day 5, day 5 to day 8, day 8 to day 11, and
day 11 to day 14, according to the seven predefined time points. For
study purposes, we considered that a patient received pharmacologic
thromboprophylaxis during one specific period of evaluation if
prophylaxis was reported on the first and last day of that specific
period.

Thromboprophylaxis Management and Anticoagulation
Use Reporting

All patients received pharmacologic thromboprophylaxis for at least
one period of evaluation defined as the time between two
assessment  points.  Pharmacologic ~ thromboprophylaxis  was
prescribed according to the national guidelines and local protocols
of each ICU. Standard prophylaxis initially was recommended
using  either  low-molecular-weight  heparin (LMWH) or
unfractionated heparin (UFH) with dosage adjustments for
overweight and obese patients.” Then, after the French Working
Group on Perioperative Hemostasis and French Study Group on
Thrombosis and Hemostasis published their guidance document
(e-Table 1) on April 3, 2020, doses of thromboprophylaxis were
increased according to different risk factors: BMI > 30 kg/m?
known risk factor for VTE (active cancer, recent personal history
of thrombosis, and so forth), catheter or iterative filter
coagulation, severe inflammatory syndrome (eg, fibrinogen > 8 g/
L), hypercoagulable state (eg, D-dimer > 3.0 pg/mL), long-term
anticoagulant therapy, and extracorporeal membrane oxygenation
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No anticoagulation

4,000 Ul - 6,000 UI Standard prophylactic anticoagulation
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Yes

Anti-Xa activity available

{
1

-

-

High prophylactic anticoagulation
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-

Figure 1 — Diagram showing retrospective classification of the level of anticoagulation for thromboprophylaxis. This algorithm was used at each time
point to classify the patient into either standard or high-dose prophylaxis. A patient could change category between two time points several times during
the study period. LWMH = low-molecular-weight heparin; UFH = unfractionated heparin.

(ECMO). The severity of COVID-19 pneumonia, defined by high-
flow nasal canula or invasive ventilation requirement, also was a
factor in increasing the anticoagulation dose. Because the study
period ranges from March 21 to April 10, 2020, the doses of
prophylactic ~ anticoagulation increased during this period,
according to national guidelines, allowing us to compare the two
strategies.

We retrospectively classified the level of anticoagulation for
thromboprophylaxis at each time point into two groups according to
the anticoagulant and the dose: standard prophylactic
anticoagulation or high prophylactic anticoagulation (which included
intermediate- and therapeutic-dose anticoagulation) (Fig 1). For
UFH, the level of anticoagulation was defined in terms of anti-Xa
activity (when available), which is more accurate than the reported
administered dose because the response to UFH is subject to high
interpersonal variability. Cumulative treatment coverage then was
expressed as the number of evaluation periods covered by
anticoagulation before the occurrence of a thrombotic event.

Thrombotic and Bleeding Outcomes

Recorded TCs included pulmonary embolism, DVT, catheter
thrombosis (within the first 24 h after insertion or recurrent),
stroke, mesenteric infarction, myocardial infarction, dialysis filter
coagulation, or ECMO thrombosis. No specific screening policy
was implemented. Bleeding complications were included based on
ISTH guidelines, and severity was classified according to the
GUSTO scale.'” Patients could be reported only once for each
type of thrombotic or hemorrhagic event. Two different
thrombotic or hemorrhagic events, for example, pulmonary
embolism and stroke, were considered to be two different types of
events, and therefore several events could be reported in the same
patient.

Statistical Analysis

Categorical variables were described by their count and percentage and
were compared using the Pearson 7y, > or Fisher exact tests. Continuous
variables were described by their medians with interquartile ranges
(IQRs) and were compared using nonparametric Wilcoxon tests.

ORs and their 95 % Cls were calculated using logistic regressions to
evaluate risk factors for thrombotic complications. A multivariate
logistic regression model was used on predictor variables selected
from a stepwise model selection based on Akaike information
criterion. The selection of variables for the multivariate analysis was
based on known risk factors for venous thromboembolic event
(VTE) and COVID-19 pneumonia severity markers.

To account for the nonrandomized administration of high-dose
prophylactic ~anticoagulation and to reduce the effects of
confounding factors, the effect of high-dose prophylactic
anticoagulation on thrombotic complications was analyzed with a
time-varying exposure model using an inverse probability of
treatment weight that allows modelling intermittent treatment
exposure.'*'? Inverse probability treatment weighting was evaluated
using a survival model by using age, sex, BMI, smoking status,
cardiovascular history, and history of long-term anticoagulant
treatment as fixed covariates and sepsis-related organ failure
assessment score and D-dimers as time-varying covariates. These
variables were selected based on the individual propensities for
receiving a high-dose prophylactic anticoagulation. Inverse
probability treatment weighting was used to generate a balanced
pseudopopulation of patients. Cox proportional hazards regression
analysis was used on this pseudopopulation to compare thrombotic
complication-free survival as a function of time spent receiving high-
dose prophylactic anticoagulation. P values < .05 were considered to
be statistically significant. All the analyses were performed using R
version 4.0.2 software (R Foundation for Statistical Computing).
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TABLE 1 | Characteristics of the Study Population

Characteristic Overall No TC* Tc P Value

No. 538 417 121

Age, y 63 (55-71) 63 (55-71) 62 (56-71) 47

Sex, male 389 (72.4) 303 (72.7) 86 (71.1) .73

BMI 29.0 (26.0-33.0) 29.0 (25.0-33.0) 29.0 (26.0-33.0) .52

Medical history
Hypertension 275 (51.1) 215 (51.6) 60 (49.6) .76
Diabetes 139 (25.8) 104 (24.9) 35 (28.9) 41
Smoking 29 (5.4) 22 (5.3) 7 (5.8) .82
Alcohol 11 (2.0) 7 (1.7) 4 (3.3) .48
COPD 18 (5.0) 13 (3.1) 5(4.1) .79
Heat failure 40 (7.4) 35 (8.4) 5(4.1) .17
Coronary artery disease 67 (12.5) 57 (13.7) 10 (8.3) 12
Atrial fibrillation 25 (4.6) 23 (5.5) 2 (1.6) .05
Peripheral arterial disease 27 (5.0) 25 (6.0) 2(1.6) .06
Stroke 24 (4.5) 20 (4.8) 4 (3.3) .62
Chronic kidney disease 37 (6.9) 30 (7.2) 7 (5.8) .69
VTE 16 (3.0) 12 (2.9) 4 (3.3) 1.00
Active cancer 36 (6.7) 29 (7.0) 7 (5.8) .84
Cirrhosis 5(0.9) 2 (0.5) 3(2.5) .08
Autoimmune disease 22 (4.1) 16 (3.8) 6 (5.0) .60
Thrombophilia 2 (0.4) 1(0.2) 1(0.8) .40

Chronic medications
Aspirin 96 (17.8) 78 (18.7) 18 (14.9) .42
Clopidogrel 15 (2.8) 15 (3.6) 0 (0.0) .03
VKA 12 (2.2) 9(2.2) 3 (2.5) .74
DOAC 28 (5.2) 24 (5.8) 4 (3.3) .36

ICU management
Delay first clinical signs or ICU 8 (6-10) 8 (6-11) 8 (6-10) .24

admission
SOFA score at ICU admission 4 (2-8) 4 (2-8) 5(3-9) .01
Pao, to Fio, ratio® 93 (71-126) 95 (75-133) 85 (64-110) < .01
ECMO 44 (8.2) 25 (6.0) 19 (15.7) < .01
RRT 58 (10.8) 32 (7.7) 26 (21.5) < .01
Duration of mechanical 236 (43.9) 155 (37.2) 81 (66.9) < .01
ventilation over 14 d

Outcome

Patients alive at d 14 430 (88.1) 331 (89) 99 (85.3) .37

Data are presented as No. (%) or median (interquartile range), unless otherwise indicated. DOAC = direct oral anticoagulant therapy; ECMO = extra-
corporeal membrane oxygenation; RRT = renal replacement therapy; SOFA = sepsis-related organ failure assessment; TC = thrombotic complication;

VKA = vitamin K antagonist.

°TC diagnosed within the first two weeks of ICU hospitalization.
®No TC diagnosed in the first two weeks of ICU hospitalization.

“Lower value during ICU stay.
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Results

Description of the Population

A total of 538 ICU patients with confirmed COVID-19
pneumonia were included. Table 1 summarizes patient
characteristics. They were mostly men (n = 389 [72%]),
with a median age of 63 years (IQR, 55-71 years) and
increased BMI (29 kg/m?; IQR, 26-33 kg/m?). The lowest
Pao, to Fio, ratio within the ICU stay was 93 mm Hg
(IQR, 71-126 mm Hg), and 44 patients (8%) were treated
with ECMO support. The sepsis-related organ failure
assessment score at ICU admission was 4 (IQR, 2-8).

Laboratory Results

At ICU admission, patients showed high fibrinogen
levels of 6.9 g/L (IQR, 5.9-7.8 g/L), high D-dimer levels
of 1.56 mg/L (IQR, 1.00-3.37 mg/L), and high factor VIII
and von Willebrand factor antigen levels of 262 UI/dL
(IQR, 157-299 UI/dL) and 395 (IQR, 295-453 Ul/dL),
respectively. Activated partial thromboplastin time ratio,
international normalized ratio, and platelet count were
1.10 10°/L (IQR, 1.01-1.26 10°/L), 1.12 10°/L (IQR, 1.07-
1.2310%/L), and 226 10°/L (IQR, 169-290 10°/L),
respectively, on ICU admission. The evolution of
coagulation parameters within the first two weeks is
shown in e-Figure 1.

TCs

The overall incidence of TC was 22.7% (95% CI, 19.2-
26.3). During the first two weeks of ICU hospitalization,

104 patients experienced a total of 122 TCs within a
median of 6 days (IQR, 2.5-9 days) after ICU admission.
The types of TCs and their respective incidences are
shown in Table 2. The incidence of TC was particularly
high in patients receiving continuous renal replacement
therapy or who were supported by ECMO, with an
incidence of thrombotic events of 44.8% (95% CI,
32.4%-57.5%) and 43.2% (95% CI, 29.2%-57.7%),
respectively. Conversely, the incidence of TC in patients
who received neither continuous renal replacement
therapy nor ECMO support was 16.5% (95% CI, 13.0%-
20.2%). Risk factors for TC are shown in Table 3. At
ICU admission, D-dimer levels were significantly higher
in patients who experienced a TC (2.59 mg/L [95% CI,
1.30-7.72 mg/L]) than in those who did not (1.5 mg/L
[95% CI, 0.99-2.97 mg/L]; P < .001) and remained
significantly higher during the first two weeks in the ICU
(P < .05 on days 2, 5, 8, 11, and 14) (e-Fig 2).

Effect of Prophylactic Anticoagulation on
Thrombotic Complications

Cumulative exposure to higher prophylactic
anticoagulation dosing was associated significantly with
a reduction in the risk of TC (hazard ratio [HR], 0.79
[95% CI, 0.65-0.95]; P = .014) (Table 4). Detail of the
cumulative exposure for each period is shown in e-
Figure 3. This effect was unchanged after adjusting for
Pao, to Fio, ratio, continuous renal replacement
therapy, and ECMO support (HR, 0.80 [95% CI, 0.65-

TABLE 2 | Thrombotic Complications and Their Respective Cumulative Incidence Within the First Two Weeks of

Hospitalization in the ICU
Type of Thrombosis No. (%) Cumulative Incidence®
All thrombosis 122 (100) 22.7 (19.2-26.3)°
Pulmonary embolism 64 (52) 12.0 (9.2-14.7)°
DVT 18 (15) 5.0 (2.7-7.3)¢
Catheter thrombosis 14 (11) 3.9 (1.9-5.9)°
Stroke 4 (3) 1.1 (0.1-2.2)¢
Other thrombosis 2 (2) 0.5 (0.0-1.3)°
Mesenteric infarction 1(2) 0.2 (0.0-1.0)°
Myocardial infarction 1(1) 0.2 (0.0-0.8)°
RRT filter clotting 13 (11) 22.8 (11.8-33.7)¢
ECMO clotting 5 (4) 11.6 (1.9-21.3)%¢

Data are presented as percentage (95% CI) unless otherwise indicated. ECMO = extracorporeal membrane oxygenation; RRT = renal replacement therapy.
“Having a TC diagnosed within the first two weeks of hospitalization in the ICU. Incidences were estimated considering discharge from ICU or transfer and

death as competing risks.
PCalculated using the global population (538 patients).

“Calculated using 360 patients because one center did not record these complications.

dCalculated using patients receiving RRT.
“Calculated using patients receiving ECMO support.
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TABLE 3 | Risk Factors for TCs in Critically Ill COVID-19 Patients

Univariate Analysis Multivariate Analysis
Variable OR (95% CI) P Value OR (95% CI) P Value
Age 0.99 (0.97-1.01) .38 =
BMI 1.00 (0.97-1.03) .99 —
History of VTE 1.05 (0.29-3.16) .94 =
Active cancer 1.06 (0.29-3.05) .93 —
Antiplatelet therapy 0.65 (0.36-1.10) .12 =
Oral anticoagulant 0.71 (0.28-1.56) 42 —
D-dimers level at ICU admission 1.62 (1.27-2.06) < .01 1.45 (1.10-1.91) .01
Fibrinogen level at ICU admission 0.93 (0.81-1.08) .35 —
Pao, to Fio, ratio® 0.99 (0.98-0.99) < .01 0.99 (0.98-0.99) .04
RRT 3.37 (1.90-5.95) <.01 —
ECMO 2.88 (1.50-5.46) < .01 2.35 (0.99-5.57) < .05

COVID-19 = coronavirus disease 2019; ECMO = extracorporeal membrane oxygenation; RRT = renal replacement therapy; VTE = venous thromboembolic

event.
Lower value during ICU stay.

0.99]; P = .040). Cumulative exposure to high-dose
prophylactic anticoagulation also was associated
significantly with a reduction in the risk of pulmonary
embolism (HR, 0.72 [95% CI, 0.53-0.98]; P = .037). The
evolution of the actual use of anticoagulation (UFH or
LMWH) during the first two weeks of hospitalization in
the ICU is shown in e-Table 2. Cumulative exposure to
higher prophylactic anticoagulation dosing was not
associated with reduced mortality at day 14 (HR, 1.12
[95% CI, 0.78-1.62]).

Bleeding Complications

During the same period, 39 patients (7.2%) experienced
a total of 53 bleeding complications within a median of
9 days (IQR, 5-12 days) after ICU admission. Among
these bleeding complications, 12 (22.6 %) were
considered to be severe according to the GUSTO scale
(e-Table 3). Data on the level of anticoagulation at the
onset of bleeding are unavailable for 38.5% of bleeding
events. Nineteen bleeding events occurred in patients
receiving ECMO support (n = 13 patients). BMI (OR,
0.87 [95% CI, 0.78-0.97]; P = .02) and ECMO support
(OR, 6.26 [95% CI, 2.31-17.01]; P < .001) were
associated significantly with a higher bleeding risk.
Exposure to higher prophylactic dosing within the 24 h
before the event was not associated with an increased
bleeding risk compared with standard dosing (HR, 0.63
[95% CI, 0.28-1.44]), nor was the cumulative exposure
to higher dosing (HR, 1.11 [95% CI, 0.70-1.75]). The
type of bleeding and anticoagulation status during or
just before the bleeding are shown in e-Table 3.

Discussion

To our knowledge, this is one of the largest studies to
evaluate the effect of higher-dosing prophylactic
anticoagulation on TC in critically ill patients with
COVID-19. Our results indicate that exposure to higher
dosing was associated significantly with a reduced risk of
TC. In our study, 22.7% of patients experienced at least
one TC in the first two weeks of ICU hospitalization that
were clinically relevant and primarily pulmonary
embolism in 52% of the patients with TC. This high
incidence of pulmonary embolism is consistent with
previous reports, including a French prospective cohort
of ICU patients diagnosing TC in 42.7% of patients, of
whom 16.7% had pulmonary embolism. These TCs
occurred despite the routine use of prophylactic
anticoagulation, even at therapeutic doses for 30% of the
patients.” In Europe, Klok et al® reported a cumulative
incidence of TC of 31% in the ICU, despite routine
pharmacologic thromboprophylaxis. Middeldorp et al*
found a cumulative incidence of VTEs of 48% after

14 days in ICU patients with a systematic screening
approach.

Thromboses are important in influencing outcomes in
patients with COVID-19. Indeed, Middeldorp et al*
found that the occurrence of VIE in COVID-19 patients
was associated significantly with death (adjusted HR,
2.9; 95% CI, 1.02-8.0). Similar results were observed in a
retrospective study of 3,334 patients hospitalized in New
York City for COVID-19 in which thrombosis was
associated independently with death (HR, 1.82; 95% ClI,
1.54-2.15)."

Q23

606
607
608
609
610
611

612

613

614
615

616
617

618
619
620
621

622
623
624
625
626
627
628
629
630
631

632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651

652

653

654
655

656
657

658
659
660

6 Original Research

[ m#m CHEST m 2021 ]

FLA 5.6.0 DTD m CHEST3940_proof ® 9 March 2021 ® 7:50 pm W EO: CHEST-20-4785



661 TABLE 4 | Summary of Cox Model for the Effect of High-Dose Prophylactic Anticoagulation on TCs 16

662 Population Model Factor Coefficient (SE) HR (95% CI) P Value 77
663 718
TC all thrombosis (53
66 1
4 events, 1,104 719
665 observations, 245 720
666 patients) 721
667 Univariate Cox 722
668 model 723
669 HPA -0.243 (0.112) | 0.785 (0.646-0.952) .01 724
670 Adjusted Cox 725
671 model 726
672 HPA -0.208 (0.115) | 0.813 (0.663-0.996) 05 77
6 28
73 RRT 0.687 (0.308) 1.988 (1.083-3.648) 03 7
074 ECMO 0.254 (0.401 1.290 (0.577-2.881 54 729
675 2 (U1 U QOUZEED) ' 730
676 Pao, to Fio, ratio | -0.002 (0.004) 0.998 (0.989-1.007) 69 oy
677 Weighted Cox 732
678 e 733
679 HPA -0.332 (0.152) | 0.718 (0.532-0.967) 03 934
680 Weighted and 735
681 Adjusted Cox 736
682 fecs] 737
683 HPA -0.217 (0.112) 0.804 (0.653-0.990) .04 738
684 RRT 0.671 (0.308) 1.957 (1.056-3.627) 03 739
685 ECMO 0.173 (0.405) 1.189 (0.514-2.751) .69 740
686 Pao, to Fio, ratio | -0.002 (0.004) 0.998 (0.989-1.007) 64 741
687 All TCs excluding RRT 742
688 filter clotting or 743
689 ECMO circuit 744
690 clotting (45 events, 745
1,086
691 ! 6
o observations, 245 74
692 patients) 747
693 Univariate Cox 748
694 model 749
292 HPA ~0.234 (0.118) | 0.791(0.628-0.997) 04 7O
9 751
6 Adjusted Cox ”
97 model 75
698 753
HPA -0.220 (0.139) 0.801 (0.632-1.017) .07
699 754
200 RRT 0.301 (0.378) 1.352 (0.644-2.839) 43 o
701 ECMO 0.048 (0.516) 1.049 (0.381-2.885) .93 756
702 Pao, to Fio, ratio -0.001 (0.005) 0.999 (0.989-1.010) .87 757
703 Weighted Cox 758
704 model 759
705 HPA -0.256 (0.125) | 0.774 (0.612-0.980) .03 760
706 Weighted and 761
707 Adjusted Cox 762
708 model 763
709 HPA -0.245 (0.127) | 0.783 (0.614-0.997) 04 764
710 RRT 0.313 (0.360) 1.367 (0.648-2.886) 41 765
711 ECMO -0.039 (0.497) | 0.961 (0.341-2.714) 94 766
712 Pao, to Fio, ratio | -0.001 (0.004) | 0.999 (0.990-1.008) 85 707
713 768
714 (Continued) 769
715 770
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TABLE 4 | (Continued)

Population Model Factor Coefficient (SE) HR (95% CI) P Value
Pulmonary embolism
or venous
thromboembolism
(35 events, 1,086
observations, 245
patients)
Univariate Cox
model
HPA -0.298 (0.144) 0.742(0.568-0.969) .03
Adjusted Cox
model
HPA -0.286 (0.139) 0.751 (0.572-0.987) .04
RRT 0.333 (0.424) 1.395 (0.607-3.207) .43
ECMO 0.062 (0.583) 1.064 (0.340-3.333) .92
Pao, to Fio, ratio 0.001 (0.005) 1.001 (0.991-1.011) .90
Weighted Cox
model
HPA -0.312 (0.139) 0.732 (0.560-0.957) .02
Weighted and
Adjusted Cox
model
HPA -0.303 (0.141) 0.739 (0.561-0.973) .03
RRT 0.365 (0.400) 1.441 (0.624-3.327) .39
ECMO -0.036 (0.551) 0.964 (0.300-3.107) .95
Pao, to Fio, ratio 0.001 (0.005) 1.001 (0.991-1.010) 91
Pulmonary embolism
(30 events, 1,086
observations, 245
patients)
Univariate Cox
model
HPA -0.311 (0.158) 0.733 (0.544—0.987) .04
Adjusted Cox
model
HPA -0.300 (0.161) 0.740 (0.546—1.003) .05
RRT 0.315 (0.442) 1.371 (0.553—3.398) .50
ECMO -0223 (0631) 0.799 (0.221—2.889) .73
Pao, to Fio, ratio -0.005 (0.006) 0.995 (0.984—1.005) .30
Weighted Cox
model
HPA -0.332 (0.153) 0.717 (0.532—0.967) .03
Weighted and
Adjusted Cox
model
HPA -0.325 (0.155) 0.722 (0.531—0.981) .04
RRT 0.356 (0.425) 1.427 (0.572—3.563) 47
ECMO -0.312 (0.632) 0.731 (0.196—2.735) .64
Pao, to Fio, ratio -0.004 (0.006) 0.995 (0.985—1.006) .39

ECMO = extracorporeal membrane oxygenation; HPA = high-dose prophylactic anticoagulation; HR = hazard ratio; RRT = renal replacement therapy;
TC = thrombotic complication.
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881

To address the high thrombotic risk, many experts and

Our study highlights that TC risk factors in the COVID- 936

882 national societies empirically have intensified 19 context do not include traditional thromboembolic 937
883 prophylaxis to high prophylactic doses, particularly in risk factors, but rather severity of COVID-19 938
::4 obese and critically ill patients. For example, Dutch pneumonia. Severe hypoxemia, defined according to 939
882 intensivists have increased anticoagulation dosing with a Pao, to Fio, ratio (and ECMO requirement) as well as :il
887 ouble dose o nadroparin).”” In France, on inflammation and hypercoagulability, characterized by .
double dose of LMWH (nadroparin).”* In F infl ti dh lability, characterized b
388 pril 3, , the French Working Group on igh levels of D-dimers, were independent risk factors g,
April 3, 2020, the French Working G high levels of D-di independent risk fact
889 Perioperative Hemostasis and the French Study Group for TC. Zhang et al'® also found that an elevated 944
on Thrombosis and Hemostasis published a guidance neumonia severity score -65) and a D-dimer of
890 Thrombosis and H tasis published a guid p i ity (CURB-65) and a D-di f Yys
891 document defining four levels of thromboembolic risk > 1 lg/mL were associated independently with an 946
892 based on clinical criteria, biomarkers, and VTE risk increased risk of thrombosis. Similarly, Bilaloglu et al'” 947
893 factors. As a result, they suggested administering identified higher D-dimer levels at hospital presentation 948
eparin at standard doses in noncritically ill patients as a risk factor for arterial or venous thrombosis.
894 heparin at standard d i itically ill patient isk factor for arterial thrombosi 949
without risk factors for thrombosis or at a high dose for ough obesity has been described as a risk factor for
895 ithout risk factors for thrombosi t a high dose f Although obesity has been described isk factor for 950
896 critically ill patients (intermediate or therapeutic doses).” acute severe acute respiratory syndrome coronavirus 2 &1
:9; In our study, patients from March 21 April 10, 2020, infection,'” our results did not show an increased risk of 2>
829 were evaluated, so the anticoagulation level increased TCs in obese patients, suggesting that high-dose :;31
900 gradually during this period, allowing us to compare the prophylactic anticoagulation was effective in preventing 955
901 two strategies. TCs in this high-risk population. 956
902 . . i i i 957
903 At least two other studies support the use of an increased ~ We also found that 7% of patients experienced bleeding 958
904 dose of anticoagulant for prophylaxis. In an American complications. Most complications were minor, 959
905 retrospective study of 2,773 hospitalized patients with although four patients experienced intracranial 960
906 COVID-19, Paranjpe et al'* suggested that systemic hemorrhage and one patient died of hemorrhage. These 961
907 treatment-dose anticoagulation could improve results are consistent with another French study in 962
908 outcomes. A more recent study comparing an which only 2.7% of patients experienced bleeding 963
909 intermediate dosage of LMWH to a standard complications, whereas 30% of patients were receiving gg4
. . . 5 . 14 s
910 prophylactic dosage of LMWH reported that the therapeutic anticoagulation.” Paranjpe et al ~ also did 965
o1 intermediate dosage was associated with a reduction of 1ot observe increased risk of bleeding by increasing the 966
912 in-hospital mortality (5.8% vs 18.8%; P = .02). However, ~ dose of prophylactic anticoagulation in patients 967
913 this study did not focus on critically ill patients, and hospitalized for COVID-19. Similarly, we reported no 968
zig groups were not strictly comparable."” Thus, a lack of association between cumulative exposure to higher Zgg
916 evidence exists to recommend a high-dose anticoagulant prophylactic anticoagulation and a bleeding o
o7 strategy. We found that cumulative exposure to higher- complication. However, the anticoagulant status was o7
018 dosing prophylactic anticoagulation was associated unknown in 38.5% of patients because the date of the o973
919 significantly with reduced risk of TC, with an HR of 0.80 bleeding event was unavailable, and statistical analysis 974
920 (95% CI, 0.65-0.99), which underscores the potential may be underpowered. 975
921 l‘)eneﬁaal impact (')f a higher dosing strategy in critically ontrary to recently published studies,'® the mortality 976
922 ill COVID-19 patients. rate was not influenced by high-dose prophylactic 977
923 . L ... 978
o anticoagulation in our study. We recorded the mortality
924 In our study, laboratory data suggested an initial . 979
; : . rate only on day 14, which in our study was 11.9%,
925 procoagulant profile with hyperinflammation, } . s 980
26 . : . . whereas the ICU mortality rate described in these 31
9 characterized by increased levels of D-dimer, fibrinogen, . 0 o . 9
927 . . studies ranged from 29.6% to 48.3%. In addition, unlike g,
factor VIII, and von Willebrand factor antigen. . . )
928 , . ) . . these studies that included only therapeutic 983
Interestingly, the evolution of biomarkers was biphasic, ) } . . .
929 ) A . anticoagulation, we also included intermediate-dose 984
with an initial increase, then a slight decrease. TCs . .. . .
930 . ) . anticoagulation in our analysis, which may not have 985
mainly occurred during the first phase, whereas bleeding . . .
931 . - . been sufficient to influence mortality. 986
932 complications were reported mainly during the second 987
933 phase (e-Fig 1). Therefore, prophylactic anticoagulation Our study has several limitations. First, data collection  ggg
934 may be adjusted according to the evolution of was limited to the first 14 days. The follow-up period was ggq
935 inflammation. limited to minimize the contribution of long-term 990
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unspecific ICU complications. Indeed, according to the
pathophysiologic features of COVID-19-induced
thrombosis, hypercoagulability is high within this early
period and then decreases, and thrombotic events were
reported at a median of 6 days (IQR, 1-13 days) after
admission to the ICU.”° Nevertheless, because bleeding
events seem to occur later, at a median of 15 days (IQR,
6-25 days) after ICU admission,”’ we might have
underestimated the incidence of bleeding events. Second,
because of the retrospective design of the study, some
data were missing, especially those of patients who were
transferred to other ICUs as part of the reorganization of

the national health-care system during the pandemic. The
anticoagulation strategy was not standardized among
centers, and none of the ICUs used a systematic VTE
screening policy. However, data were sufficiently robust
to classify the anticoagulation status of most patients.

In conclusion, we showed that high-dose prophylactic
anticoagulation therapy is associated with reduced TCs in
critically ill COVID-19 patients, without increasing the
risk of bleeding. Randomized controlled trials comparing
prophylactic and higher doses of anticoagulants are
needed to confirm these results further.
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