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Abstract
As patients with COVID-19 pneumonia admitted to intensive care unit (ICU) have high rates of thrombosis, high doses of 
thromboprophylaxis have been proposed. The associated bleeding risk remains unknown. We investigated major bleeding 
complications in ICU COVID-19 patients and we examined their relationship with inflammation and thromboprophylaxis. 
Retrospective monocentric study of consecutive adult patients admitted in ICU for COVID-19 pneumonia requiring mechani-
cal ventilation. Data collected included demographics, anticoagulation status, coagulation tests and outcomes including major 
bleeding and thrombotic events. Among 56 ICU COVID-19 patients, 10 (18%) patients had major bleeding and 16 (29%) 
thrombotic events. Major bleeding occurred later than thrombosis after ICU admission [17(14–23) days versus 9(3–11) days 
respectively (p = 0.005)]. Fibrinogen concentration always decreased several days [4(3–5) days] before bleeding; D-dimers 
followed the same trend. All bleeding patients were treated with anticoagulants and anticoagulation was overdosed for 6 
(60%) patients on the day of bleeding or the day before. In the whole cohort, overdose was measured in 22 and 78% of 
patients receiving therapeutic anticoagulation during fibrinogen increase and decrease respectively (p < 0.05). Coagulation 
disorders had biphasic evolution during COVID-19: first thrombotic events during initial hyperinflammation, then bleeding 
events once inflammation reduced, as confirmed by fibrinogen and d-dimers decrease. Most bleeding events complicated 
heparin overdose, promoted by inflammation decrease, suggesting to carefully monitor heparin during COVID-19. Throm-
boprophylaxis may be adapted to this biphasic evolution, with initial high doses reduced to standard doses once the high 
thrombotic risk period ends and fibrinogen decreases, to prevent bleeding events.
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Highlights

•	 Increased thromboprophylaxis is proposed to COVID-19 
patients to prevent thrombosis

•	 We assessed the bleeding risk of critically ill patients 
with COVID-19 pneumonia

•	 Bleeding occurred later than thrombosis
•	 Bleeding occurred once inflammation decreased thus 

favored heparin overdose
•	 We may reduce thromboprophylaxis doses once inflam-

mation corrects to prevent bleeding

Introduction

Patients with severe pneumonia due to SARS-CoV-2 infec-
tion, also known as coronavirus disease 2019 (COVID‐19), 
who are admitted to intensive care units (ICUs) have high 
rates of thrombosis, particularly pulmonary embolism [1]. 
There is a growing body of evidence that severe COVID-
19 is associated with a prothrombotic state resulting from 
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endothelial dysfunction and hyperinflammation, and char-
acterized by high levels of d-dimers and fibrinogen [2, 3]. 
Therefore, pharmacologic thromboprophylaxis is recom-
mended. Some experts advocate intensification of anti-
coagulation, from prophylactic to intermediate or even 
therapeutic doses for high risk patients [4, 5]. However, 
the associated bleeding risk is unknown. The goal of this 
study was to investigate major bleeding complications in a 
cohort of critically ill patients with COVID-19 pneumonia 
and to examine their relationship with inflammation and 
thromboprophylaxis.

Methods

We conducted a retrospective chart review of all adult 
patients admitted to our ICU for laboratory-confirmed 
COVID-19 pneumonia requiring mechanical ventilation 
between 20 March and 14 April 2020. This study was 
approved by the Institutional Review Board of Assistance-
Publique Hôpitaux-de-Paris Centre (Ref.2020-CVD-15) and 
informed consent was obtained from all participants or next 
of kin.

Pharmacological thromboprophylaxis was prescribed 
according to the GIHP guidance document [5]: patients 
received high prophylactic anticoagulation (enoxaparin 
4000 IU/12 h SC or 6000 IU/12 h SC if weight > 120 kg, 
or UFH in case of renal insufficiency). The anticoagulation 
level was increased to curative dose in the following situa-
tions: patients with a BMI > 30 kg/m2 and known risk fac-
tors for venous thromboembolism, long-term anticoagulant 
therapy, catheter or iterative filter coagulation, severe inflam-
matory syndrome (e.g. fibrinogen > 8 g/l), hypercoagulable 
state (e.g. d-dimer > 3.0 µg/ml) and ECMO.

Data collected included demographics, relevant comor-
bidities, anticoagulation status, results of coagulation tests 
and outcomes including major bleeding events, thrombotic 
events, length of stay and mortality. Outcomes were assessed 
from ICU admission to ICU discharge or death.

Major bleeding was defined according to the International 
Society on Thrombosis and Haemostasis as overt bleeding 
among the following: fatal bleeding, symptomatic bleed-
ing in a critical area or organ (i.e., intracranial, intraspinal, 
intraocular, retroperitoneal, intraarticular, pericardial, intra-
muscular with compartment syndrome), bleeding causing a 
fall in hemoglobin level of 20 g/l or more or leading to trans-
fusion of two or more units of whole blood or red cells [6].

Thrombotic events included deep vein thrombosis or pul-
monary embolism confirmed with imaging, limb ischemia, 
ischemic stroke and clinically significant non-vessel throm-
botic complications (clotting of extracorporeal membrane 
oxygenation, iterative clotting of central venous or arterial 
catheter or circuits of renal replacement therapies).

Supratherapeutic anticoagulation (overdose) was defined 
as anti-Xa activity > 0.7 UI/ml for unfractionated heparin 
(UFH) and > 1 UI/ml for low molecular weight heparin 
(LMWH) respectively.

Statistical analysis

Descriptive results are expressed as median [quartile 1, 3] 
or count (percentage) and were compared using Wilcoxon 
and Chi2/Fisher test. p < 0.05 was considered significant. 
(BiostaTGV, France).

Results

Fifty-six patients with confirmed COVID-19 pneumonia 
were included. They were mostly men (n = 40, 71%), with 
a median age of 60 [53–69] years and increased body mass 
index [27 (24–31) kg/m2]. All patients underwent invasive 
mechanical ventilation, with prone positioning in 39 patients 
(70%). The lowest PaO2/FiO2 ratio within the ICU stay was 
76 [59–107] mmHg. Seven patients (13%) were treated with 
extracorporeal membrane oxygenation (ECMO). The simpli-
fied acute physiology score (SAPS) II was 43 [40;49]. All 
patients were discharged at the time of data analysis.

Sixteen (29%) patients had thrombotic events whereas 10 
(18%) patients had major bleeding, including the 7 patients 
with ECMO. Major bleeding events included 3 deep muscle 
hematomas, 3 gastrointestinal bleeding events, 3 vascular 
catheter bleeding events and one intracranial hemorrhage. 
Thrombotic events and bleeding events occurred 9 [3–11] 
days and 17 [14–23] days after ICU admission respectively 
(p = 0.005) (Fig. 1).

Fibrinogen concentrations and d-dimers had the same 
biphasic evolution: they were high in all patients at ICU 
admission: 7 [6–7.6] g/l and 1401 [1056–2122] ng/ml 
respectively; they still increased to reach 8.5 [7.4–9.3] g/l 
and 5908 [3544–9380] ng/ml on day 5 [2–9] and day 6 [3-8] 
(p = 0.33) respectively; then, they progressively decreased. 

Fig. 1   Time from ICU admission to major bleeding events and 
thrombotic events in critically ill COVID-19 patients. Box-and-
whisker plots showing median, 25 and 75% percentile, minimum 
and maximum. Comparison between time to major bleeding events 
and time to thrombotic events showed that major bleeding events 
occurred significantly later (p = 0.005)
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During fibrinogen increase, 22% of the 36 patients receiv-
ing therapeutic anticoagulation had anticoagulant over-
dose, compared to 78% (n = 28) of them once fibrinogen 
decreased (p < 0.05). Anticoagulant overdose was measured 
7.5 [3.5–9.25] days after fibrinogen peak.

The 10 major bleeding events occurred while inflamma-
tion was decreasing, after 4 [3–5] days of fibrinogen decrease 
(Fig. 2). Similarly, d-dimers were decreasing in 86% of the 
bleeding patients that had 2 measures of d-dimers or more 
within the week prior the bleeding event. All patients with 
major bleeding were treated with anticoagulants (UFH n = 7; 
LMWH n = 3), all but one at therapeutic doses. Anticoagu-
lation was supratherapeutic for 6 (60%) patients on the day 
of bleeding or the day before (Fig. 2). Half of the bleeding 
patients died in ICU, compared to 37% of patients without 
bleeding complications (NS).

Discussion

We reported that major bleeding was common in this series 
of critically ill patients with COVID-19 pneumonia. Most 
of the major bleeding events complicated therapeutic anti-
coagulation, as previously observed in a cohort of 92 ICU 
patients where the rate of bleeding events in ICU was 21%, 
with 84% during therapeutic anticoagulation [7]. Moreover, 
more than half of our bleeding complications occurred while 
heparin, initially in therapeutic ranges, became suprathera-
peutic. This might be explained by the decrease in inflam-
mation: indeed, heparin binds to antithrombin to mediate 
anticoagulant effects but also binds nonspecifically to other 
plasma proteins that compete with antithrombin. Dur-
ing the hyperinflammation state, markedly increased lev-
els of acute-phase-reactant proteins, including fibrinogen, 

contribute to heparin resistance [8]. Then, decreased con-
centrations of inflammatory proteins, including fibrinogen, 
induce increased anticoagulant effect and potential overdose. 
These data highlight to carefully monitor heparin in COVID-
19 patients, using anti-Xa activity preferentially, to prevent 
under and overdosage, especially once the initial hyperin-
flammation decreases.

As we recorded data until ICU discharge, we observed a 
biphasic evolution of coagulation disorders during COVID-
19: first thrombotic events during the early hyperinflamma-
tion phase, then bleeding events once inflammation reduced, 
as confirmed by fibrinogen and d-dimers decrease. Although 
more studies are needed to determine when the thrombotic 
risk period ends, these data suggest that intensity of throm-
boprophylaxis may be adapted to the kinetics of thromboin-
flammation: intensification of anticoagulation doses may be 
used during the initial hyperinflammation phase as proposed 
by many experts [4, 5, 9], then standard prophylaxis may be 
considered once the high thrombotic risk period ends and 
fibrinogen decreases, to prevent bleeding events.

Conclusion

Despite the limitations associated with the retrospective 
monocenter design of our study, these data highlighted the 
relationship between fibrinogen level, inflammation and risk 
of thrombosis or bleeding and the evolution of the risks dur-
ing COVID-19 hospitalization. Bleeding is likely to occur 
later during ICU stay when inflammation is decreasing and 
exposes to supra-therapeutic levels of anticoagulation. Inten-
sivists may modulate thromboprophylaxis strategy accord-
ing to inflammatory biomarkers, especially fibrinogen. 

Fig. 2   Changes of fibrinogen 
concentration in the 10 critically 
ill COVID-19 patients facing 
major bleeding events. Each 
line represents the fibrinogen 
concentrations of one patient. 
Fibrinogen concentrations are 
shown from ICU admission 
(first point of each line on the 
left) to major bleeding events 
(black arrow). All bleeding 
events occurred after several 
days of fibrinogen decrease [4 
(3–5) days]. Red circles (O) 
represent supratherapeutic anti-
coagulation observed the day 
of bleeding or the day before (6 
patients over 10)
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Moreover, when fibrinogen decreases repeatedly, anti-Xa 
activity should be controlled to adapt heparin dosing.
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