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Abstract

COVID-19 is an infection induced by the SARS-CoV-2 coronavirus, and severe forms can lead to acute respiratory
distress syndrome (ARDS) requiring intensive care unit (ICU) management. Severe forms are associated with
coagulation changes, mainly characterized by an increase in D-dimer and fibrinogen levels, with a higher risk of
thrombosis, particularly pulmonary embolism. The impact of obesity in severe COVID-19 has also been highlighted.
In this context, standard doses of low molecular weight heparin (LMWH) may be inadequate in ICU patients, with
obesity, major inflammation, and hypercoagulability. We therefore urgently developed proposals on the prevention
of thromboembolism and monitoring of hemostasis in hospitalized patients with COVID-19.

Four levels of thromboembolic risk were defined according to the severity of COVID-19 reflected by oxygen requirement
and treatment, the body mass index, and other risk factors. Monitoring of hemostasis (including fibrinogen and D-dimer
levels) every 48 h is proposed. Standard doses of LMWH (e.g,, enoxaparin 4000 1U/24 h SC) are proposed in case of
intermediate thrombotic risk (BMI < 30 kg/mz, no other risk factors and no ARDS). In all obese patients (high thrombotic risk),
adjusted prophylaxis with intermediate doses of LMWH (e.g,, enoxaparin 4000 IU/12 h SC or 6000 IU/12 h SC if weight > 120
kg), or unfractionated heparin (UFH) if renal insufficiency (200 1U/kg/24 h, IV), is proposed. The thrombotic risk was defined as
very high in obese patients with ARDS and added risk factors for thromboembolism, and also in case of extracorporeal
membrane oxygenation (ECMO), unexplained catheter thrombosis, dialysis filter thrombosis, or marked inflammatory
syndrome and/or hypercoagulability (e.g, fibrinogen > 8 g/l and/or D-dimers > 3 ug/ml). In ICU patients, it is sometimes
difficult to confirm a diagnosis of thrombosis, and curative anticoagulant treatment may also be discussed on a probabilistic
basis. In all these situations, therapeutic doses of LMWH, or UFH in case of renal insufficiency with monitoring of anti-Xa
activity, are proposed.
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In conclusion, intensification of heparin treatment should be considered in the context of COVID-19 on the basis of clinical
and biological criteria of severity, especially in severely ill ventilated patients, for whom the diagnosis of pulmonary embolism

cannot be easily confirmed.
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Background

COVID-19 is an infection induced by the SARS-CoV-2
coronavirus affecting mostly adults. This viral disease is
mild in many patients but is characterized in symptom-
atic forms by an atypical interstitial inflammatory lung
disease [1]. In addition, severe forms are associated with
an extreme inflammatory reaction related to a “cytokine
storm,” with lung involvement that can lead to acute re-
spiratory distress syndrome (ARDS) requiring intensive
care unit (ICU) management.

In critically ill patients, especially those with hypox-
emia, coagulation changes reflecting inflammation are
generally observed, with increased D-dimer and fibrino-
gen levels [2] and, more rarely, a consumptive coagulop-
athy associated with a poor prognosis [2].

The pathophysiology of SARS-Cov2 infection is still
poorly defined, but major inflammation and hypoxemia
associated with a prothrombotic state are significant fea-
tures of severe forms. Chinese, Italian, North American,
and French cohorts have consistently reported that severe
forms affect more often elderly patients with comorbidi-
ties (hypertension, diabetes, cardiovascular or pulmonary
pathology), with high mortality in those requiring ICU ad-
mission [3—-6].

More recently, the impact of obesity, often associated
with other comorbidities, has been highlighted in severe
forms of COVID-19 [7]. A French study has also con-
firmed that almost half of the patients admitted to ICU
are obese (with BMI > 30 kg/m?) and require mechanical
ventilation more often [8].

A Chinese study reported frequent venous thrombotic epi-
sodes in severe COVID-19 [9], and survival was improved
with heparin thromboprophylaxis [2]. In another report, ven-
ous thromboembolic events occurred in 27% of 187 Dutch
patients with COVID-19 hospitalized in the ICU [10]. Fur-
ther, reports from Italy, France, and Switzerland have ob-
served frequent venous thromboembolic complications in
COVID-19 with a risk that appears particularly high in pa-
tients requiring ICU admission and/or with obesity, and fre-
quent clotting of indwelling catheters, dialysis filters, ECMO
oxygenators, and arterial thrombotic events including acute
limb ischemia or stroke. In addition, pulmonary embolism
has recently been identified as the most common thrombotic
event occurring despite thromboprophylaxis [11, 12].

However, no study has formally documented an in-
creased thrombotic risk in COVID-19 compared to

other severe infections, nor demonstrated that this risk
was associated with a poor prognosis. Nevertheless,
some pathophysiological features (major inflammation in
particular) and the populations affected by this path-
ology (with comorbidities, particularly obesity) lead to
further debates on the specific thromboprophylaxis
treatment modalities for COVID-19.

Although low molecular weight heparin (LMWH) is
the therapy of choice in patients with severe infections,
current dosing strategies [13, 14] may be inadequate in
patients with increased inflammatory responses and
obesity and critically ill in the ICU. In addition, we are
confronted with a highly challenging medical situation,
with a large influx of severe patients in ICUs and in
whom it is much more difficult to confirm a diagnosis of
thrombosis, which explains why the implementation of
curative anticoagulant treatment can sometimes be dis-
cussed on a probabilistic basis.

In this context, given the paucity of available data, the
Groupe dintérét en Hémostase Périopératoire (GIHP)
and the Groupe Francais d’études sur 'Hémostase et la
Thrombose (GFHT) have developed a guidance docu-
ment on the prevention of thrombosis and monitoring
of hemostasis in hospitalized patients with COVID-19 in
order to provide support for clinical management.

These proposals, developed by a large group of re-
viewers, members of the GIHP and the GFHT, are orga-
nized into 4 objectives and will be modified according to
the evolution of our knowledge on COVID-19.

Practical proposals
Objective no. 1: To define the risk of thrombosis in
patients with COVID-19
Proposal no. 1
All COVID-19 patients should be screened for additional
thromboembolic risk factors, especially active cancer
(treatment within the last 6 months) and recent personal
history (< 1 years) of thromboembolic events.

Other risk factors may be considered (age > 70 years, pro-
longed bed rest, postpartum, combined oral contraception).

Proposal no. 2
To define the thrombotic risk level according to the
following:

- The severity of COVID-19 according to the require-
ment of supplemental oxygen (O,) therapy, high-flow
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nasal oxygen therapy, positive airway pressure support,
or mechanical ventilation.

- The body mass index (BMI)

Then, 4 different levels of thromboembolic risk can be de-
termined: low, intermediate, high, and very high (Table 1).

Objective no. 2: Monitor the hemostasis

Proposal no. 3

It is suggested that the following hemostasis variables be
monitored at least every 48 h: platelet count, prothrom-
bin time (PT), activated partial thromboplastin time
(APTT), fibrinogen, and D-dimer levels.

Proposal no. 4

In severe cases, in the event of clinical worsening,
thrombocytopenia and/or a decrease in fibrinogen con-
centration, it is proposed that the concentration of fibrin
monomers (if assay available), factors II and V, and anti-
thrombin levels should also be measured for the diagno-
sis of disseminated intravascular coagulation (DIC).

Proposal no. 5

It is proposed that the presence of antiphospholipid anti-
bodies should be investigated for iterative thrombosis
under heparin therapy at effective doses.

Objective no. 3: Prescribe anticoagulant therapy

Proposal no. 6

In all hospitalized patients, it is proposed to switch from
oral anticoagulant therapy, vitamin K antagonist or dir-
ect oral anticoagulant (risk of instability and drug inter-
actions), to curative heparin therapy.
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Proposal no. 7

In case of intermediate thrombotic risk (Fig. 1), it is pro-
posed to prescribe prophylaxis with a LMWH at standard
doses, e.g., enoxaparin 4000 [U/24 h SC, tinzaparin 3500
IU/24h SC, or dalteparin 5000 IU/24 h SC. Fondaparinux
2.5mg/24h SC is an alternative if creatinine clearance
(Clcr) is greater than 50 ml/min. In the presence of severe
renal failure, an alternative to SC unfractionated heparin
(UFH) can be proposed: enoxaparin 2000 [U/24 h SC for a
Clcr between 15 and 30 ml/min or tinzaparin 3500 IU/24
h SC for a Clcr between 20 and 30 ml/min.

Proposal no. 8

In patients treated with LMWH with standard prophy-
lactic doses, it is recommended NOT to monitor anti-Xa
activity.

Proposal no. 9

In case of high thrombotic risk, it is proposed to pre-
scribe an adjusted prophylaxis with intermediate doses
of LMWH: enoxaparin 4000 IU/12h SC or 60001U/12h
SC if weight > 120 kg. In case of renal insufficiency (Clcr
<30 ml/min), it is proposed to prescribe UFH at an ini-
tial dose of 200 IU/kg/24 h, IV.

Proposal no. 10

In patients treated with LMWH doses higher than the
standard prophylactic regimen, it is proposed to check
anti-Xa activity 4 h after the 3rd injection, then regularly
in case of renal insufficiency, to monitor for levels (vari-
able threshold value according to LMWH) due to the
potential increased risk of bleeding.

No oxygen therapy Oxygen therapy

High flow nasal oxygen therapy
or mechanical ventilation

Monitoring of anticoagulant
treatment

BMI <30 kg/m2

LMWH with standard prophylactic dose
or fondaparinux
(e.g. enoxaparin 4000 IU/24h SC; or 2000 1U/24h SC if
Clcr between 15 and 30 ml/min;
tinzaparin 3500 IU/24h SC if Clcr >20 ml/min;
dalteparin 5000 Ul/24h SC si si Clcr >30 ml/min
fondaparinux 2.5 mg/24h if Clcr >50 ml/min)

BMI=30 kg/m?
Without other thrombotic
risk factor*

BMI=30kg/m? with
thrombotic risk factor*

enoxaparin 4000 1U/12h SC

enoxaparin 6000 Ul/12h SC if weight >120 kg
UFH: 200 1U/kg/24h, if Clcr < 30 ml/min.

Monitoring of anti-Xa activity:

- LMWH: avoid overdose
(maintain anti-Xa < 1.2 IU/ml for
enoxaparin)

- UFH: target 0.3-0.5 IU/ml
(+ platelet count every 48 hours)

Severe Inflammatory Syndrome
(e.g. fibrinogen >8 g/L)

Hypercoagulability
(e.g. D-dimers >3.0 pg/ml)

ECMO

Iterative catheter or renal filter thrombosis

LMWH at curative dose e.g. enoxaparin 100 IU/kg/12h
SC (actual weight), without exceeding 10,000 1U/12h.

UFH 500 1U/kg/24h if Clcr <30 ml/min

Re-evaluate the dose in case of multiorgan failure or
n lopathy.

P g

Long-term anticoagulant
treatment

Monitoring of anti-Xa activity:

- LMWH: avoid overdose
(maintain anti-Xa < 1.2 IU/ml for
enoxaparin)

- UFH: target 0.5-0.7 IU/ml
(+ platelet count every 48 hours)

Intermediate risk

NB: Low risk is not covered.

High risk Very high risk

*ThromboEmbolic Risk Factors : active cancer, recent p

Cler : Cr

; LMWH: low

Fig. 1 Prevention and treatment of thrombosis in hospitalized patients with COVID-19

history of

weight heparin; UFH: unfractionated heparin
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Proposal no. 11

In case of very high thrombotic risk, it is proposed to pre-
scribe therapeutic doses of LMWH, e.g., enoxaparin, 100
IU/kg/12h SC, or in case of severe renal insufficiency of
UFH, 5001U/Kg/24 h, IV after a bolus of 5000IU, and
with dosage adjustment according to anti-Xa activity.

Proposal no. 12

In obese patients (BMI > 30 kg/m?) with a high or very
high thrombotic risk, the following heparin doses are
proposed:

a. Enoxaparin 4000 IU/12 h or 6000 1U/12h if
weight > 120 kg in high-risk patients

b. Enoxaparin 100 IU/kg (actual weight)/12 h SC not
to exceed 10,000 IU/12 h or UFH 500 IU/kg/24 h in
very high-risk patients with additional thrombotic
risk factor and high-flow nasal O, therapy or artifi-
cial ventilation

Proposal no. 13

In all patients treated with UFH, it is proposed to moni-
tor the anti-Xa activity at least every 48 h and after each
dose modification, to be maintained, if the risk of bleed-
ing is controlled, between 0.3 and 0.5 IU/ml during rein-
forced prophylactic treatment (starting dose 200 [U/kg/
24 h, IV) and between 0.5 and 0.7 IU/ml during thera-
peutic treatment (starting dose 500 IU/kg/24 h, 1V, after
an initial IV bolus of 5000 IU).

Proposal no. 14

The use of extracorporeal membrane oxygenation (ECMO)
exposes the patient to a very high risk of thrombosis. In this
setting, we propose therapeutic anticoagulation with UFH as
soon as ECMO is initiated (independently of the ECMO flow
rate), with a target anti-Xa level between 0.5 and 0.7 [U/ml.

Proposal no. 15

In case of an increased inflammatory syndrome (e.g., fi-
brinogen > 8 g/l or 800 mg/dl) and/or a rapid increase in
D-dimer concentration to >3 pg/ml (3000 ng/ml), it is
suggested that the administration of therapeutic doses of
heparin be considered even in the absence of clinical
thrombosis, taking into account the risk of hemorrhage.

Proposal no. 16

For UFH, it is recommended that platelet count should
be monitored at least every 48 h. A decrease in the plate-
let count by more than 40% between the 4th and 14th
day of treatment requires a DIC assessment and a
screening for heparin-induced thrombocytopenia.

Page 4 of 8

Proposal no. 17

In the event of multiorgan failure, or a consumptive co-
agulopathy with decrease in fibrinogen concentration,
platelet count, and factor V level, it is proposed that the
dosage of heparin therapy be reassessed, as these events
are associated with an increased risk of bleeding.

Proposal no. 18

It is proposed that the intensity and duration of thrombo-
prophylaxis be re-evaluated according to the severity of the
infection and the evolution of the resulting risk factors.

Objective no. 4: Apply additional measures for optimal
management of thrombotic risk

Proposal no. 19

Discontinuation of hormonal or hormone-related ther-
apy (estrogen-progestin contraception, hormone replace-
ment therapy, tamoxifen) is recommended in patients
with COVID-19 requiring thromboprophylaxis.

Proposal no. 20

It is proposed to implement a specific communication
pathway between the clinical units and the hemostasis
laboratory, for optimal transmission of biological results
(in particular, platelet count, fibrinogen, D-dimer, and
anti-Xa activity) for rapid adaptation of heparin therapy.

Proposal no. 21

It is suggested that pulmonary embolism be investigated
in any patient with sudden respiratory or hemodynamic
deterioration, especially in the case of right ventricular
dysfunction.

Proposal no. 22
A proximal vein compression ultrasonography with
Doppler of the common femoral and popliteal veins is
proposed in the event of any unexplained clinical wors-
ening, or in the case of a sudden increase in D-dimer
levels.

This examination may also be performed earlier in pa-
tients with a central venous catheter, especially in case
of dysfunction or obstruction.

Proposal no. 23
The insertion of a vena cava filter is not warranted in
these patients at low risk for bleeding.

Proposal no. 24

Intermittent pneumatic compression is an option to be
considered if available in patients at a high risk of
bleeding.
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Discussion

With these practical proposals, we aimed to assist clini-
cians in the therapy and monitoring of anticoagulation to
prevent thrombosis in hospitalized patients with COVID-
19. As a result, we did not address the management of a
consumptive coagulopathy, which can occur in severe pa-
tients, nor certain situations such as ambulatory patients,
pregnancy, or patients with underlying diseases (e.g., sickle
cell disease, congenital hemostatic defects), as well as the
role of thrombolysis, antiplatelet drugs, and the manage-
ment of arterial thrombotic events.

We first proposed defining the level of thrombotic risk
according to the severity of the disease, i.e., the presence
or absence of hypoxemia and BMI (Table 1). Other add-
itional risk factors for thromboembolism such as recent
thrombosis or active cancer must also be considered.

Antithrombotic prophylaxis is not required in case of
low risk, but is necessary in all hospitalized and immo-
bile patients, as for any severe acute infection [13, 14],
with preference given to heparins. Interestingly, a spe-
cific beneficial effect of heparin on COVID-19 is also
suggested, due to its pleiotropic actions (cytokine bind-
ing, inhibition of chemotaxis, leukocyte migration, and
complement activation, sequestration of inflammatory
proteins) [15].

In the less severe forms and if the BMI is < 30 kg/m*
(intermediate risk), it is recommended, in accordance
with the most recent guidelines [14], to prescribe fonda-
parinux or a LMWH at a standard dose (e.g., enoxaparin
4000 1U/24 h SC).

But in obese patients (BMI > 30 kg/m?), who present a
higher thrombotic risk, we suggest increased doses of
LMWH, in accordance with ESC proposals in other sce-
narios [16]. However, in the absence of data on the
bleeding risk associated with higher doses of LMWH in
the context of COVID-19, it is preferable not to initially
exceed 10,000 IU/12 h of enoxaparin SC.
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In ICU patients, the thrombotic risk is frequently high
[17], especially in case of sepsis [18], and prophylaxis at
usual doses may be ineffective, and more importantly in
case of obesity [19]. Heparin therapy at therapeutic
doses had been proposed during the HIN1 influenza,
due to an increased thrombotic risk, particularly in pa-
tients with ARDS [20]. Moreover, the incidence of severe
hemorrhagic accidents is rather low in COVID-19 pa-
tients [21, 22], whereas the thrombotic risk is high des-
pite anticoagulation, as recently documented in 2 French
cohorts [11, 12]. We therefore propose increased or even
therapeutic doses (if additional thromboembolic risk fac-
tors are present) of LMWH or unfractionated heparin in
COVID-19 patients hospitalized in ICUs. Thus, in obese
patients with well-identified thromboembolic risk factors
(active cancer or recent thrombosis in particular), thera-
peutic doses of LMWH adjusted according to actual
weight [23] will be preferentially administered. Thera-
peutic dosing of heparin is also indicated in cases of
thrombosis or during ECMO. However, it should also be
considered in cases of a major inflammatory syndrome
associated with severe pulmonary involvement, which
often results in elevated fibrinogen and/or D-dimer con-
centrations, also indicating a severe prothrombotic state,
regardless of BMI. The increase in D-dimer levels in
COVID-19 is more pronounced in the most critically ill
patients [24], with a concentration often greater than
3 pg/ml [2]. In addition, mortality was lower in patients
whose D-dimer levels were above this threshold, when
treated with heparin [25]. Therefore, these variables
should be measured regularly, and a rapid increase in
the level of D-dimers (outside of DIC) and/or fibrinogen
should prompt to search for a thrombotic event and dis-
cuss the administration of therapeutic doses of heparin.
In practice, an intensification of heparin treatment
should be considered based on clinical and biological
considerations of severity, but such a proposal is debated

Table 1 Thrombotic risk levels in patients with COVID-19 according to BMI, requirement of O, or mechanical assistance, and other

risk factors of thrombosis

Low risk

Intermediate risk High risk

Very high risk

Non-hospitalized patient with BMI <
30 kg/m? and no added risk factors for
thromboembolism (such as active
cancer, recent history of thrombosis)

- BMI < 30 kg/m?, under high-flow
nasal oxygen therapy or mechan-
ical ventilation, with or without
risk factors for thromboembolism

- BMI > 30 kg/m? without high-flow
nasal oxygen therapy or mechan-
ical ventilation, but with added
risk factors for thromboembolism

- BMI > 30 kg/m? with high-flow
nasal oxygen therapy or mechan-
ical ventilation, and without
added risk factors for
thromboembolism

BMI < 30 kg/m?, without the need
for high-flow nasal oxygen therapy
or mechanical ventilation, with or
without added risk factors for
thromboembolism

- BMI > 30 kg/m? with added risk
factors for thromboembolism,
AND high-flow nasal oxygen
therapy or mechanical
ventilation

- ECMO (venovenous or veno-
arterial)

- Unexplained catheter
thrombosis

- Dialysis filter thrombosis

- Marked inflammatory syndrome
and/or hypercoagulability

(e.g., fibrinogen > 8 g/l (800 mg/

dl) and/or D-dimers > 3 ug/ml or

3000 ng/ml)
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[26, 27], and clinical trials are mandatory. However in
practice, when evaluation of thrombosis is not feasible,
such as in critically ill ventilated patients, a probabilistic
antithrombotic intensification should be considered
when there is a high thrombotic risk.

Biologically, we propose to monitor prothrombin time,
APTT, fibrinogen, and D-dimers at least every 48h,
combined in patients treated with UFH with monitoring
of platelet count and anti-Xa activity (if curative doses
and/or renal failure). This regular monitoring of
hemostasis is crucial in all COVID-19 patients hospital-
ized with two main objectives as follows:

1. To evaluate the evolution of the disease using
predictive markers of complications

2. To screen for heparin overdose, associated with a
risk of bleeding, and heparin-induced
thrombocytopenia (HIT) in UFH-treated patients

Anti-Xa activity, although not correlated with the
occurrence of thrombosis or bleeding, especially in
case of obesity [28], should be measured in patients
receiving increased doses of LMWH, but is only
intended to eliminate overdose (Fig. 1). Dosage ad-
justment to achieve a target value is therefore not
recommended. In patients treated with UFH, dose ad-
justment based on anti-Xa activity is recommended
[29]. Thus, we propose to maintain anti-Xa activity
between 0.3 and 0.5IU/ml during enhanced prophy-
lactic treatment and between 0.5 and 0.7 IU/ml during
therapeutic treatment.

Platelet count should be monitored every 48 h between
days 4 and 14 of treatment with UFH to detect HIT
[30]. A relative heparin resistance has been described in
COVID-19 [24], but infrequently. Rarely associated with
a modest decrease in antithrombin level [24], it can be
resolved in most cases by increasing heparin doses. Anti-
thrombin supplementation, which can increase the risk
of bleeding in ICU patients [31, 32], is not recom-
mended [33], as well as argatroban, which should be re-
served only for patients with HIT [30, 34].

In case of unexplained and/or atypical thrombosis,
antiphospholipid antibodies can also be detected [35]
and could be frequent in COVID-19 [11]. However,
these antibodies are often non-pathogenic in severe in-
fections, and their persistence should therefore be
checked after COVID-19 recovery.

Finally, monitoring the hemostasis of COVID-19 pa-
tients is essential for the diagnosis of DIC, which com-
plicates severe forms [2], and should be suspected with
classic manifestations including thrombocytopenia, pro-
longation of APTT and PT, decrease in fibrinogen levels,
elevation of D-dimers, and the presence of fibrin
monomers.
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Conclusion

COVID-19 is a disease with high thrombotic risk, and
heparin therapy with doses of LMWH or UFH adjusted
to the level of risk are required in all hospitalized pa-
tients, especially in obese and critically ill patients. Regu-
lar biological monitoring is essential to optimize
anticoagulant management and treatment, and it is im-
portant to strengthen collaboration and communication
between the ICUs and the hematology laboratory.
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