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GUIDELINES

European guidelines on perioperative venous
thromboembolism prophylaxis
Intensive care
Jacques Duranteau, Fabio Silvio Taccone, Peter Verhamme and Walter Ageno, for the ESA VTE
Guidelines Task Force
Venous thromboembolism is a common and potentially lifethreatening complication that occurs in 4 to 15% of patients
admitted to ICUs despite the routine use of pharmacological
prophylaxis. We therefore recommend an institution-wide
protocol for the prevention of venous thromboembolism
(Grade 1B). The routine use of ultrasonographic screening
for deep vein thrombosis is not recommended when thromboprophylactic measures are in place (Grade 1B), as the
detection of asymptomatic deep vein thrombosis may prompt
therapeutic anticoagulation that may increase bleeding risk
but has no proven reduction of clinically significant thrombotic events. In critically ill patients, we recommend pharmacological prophylaxis with low molecular weight heparin over
low-dose heparin (Grade 1B). For critically ill patients with
severe renal insufficiency, we suggest the use of low-dose
heparin (Grade 2C), dalteparin (Grade 2B) or reduced doses
of enoxaparin (Grade 2C). Monitoring of anti-Xa activity may
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be considered when low molecular weight heparin is used in
these patients (Grade 2C). No study has prospectively evaluated the efficacy and safety of deep vein thrombosis prophylaxis in critically ill patients with severe liver dysfunction. Thus,
the use of pharmacological prophylaxis in these patients
should be carefully balanced against the risk of bleeding.
For critically ill patients, we recommend against the routine
use of inferior vena cava filters for the primary prevention of
venous thromboembolism (Grade 1C). When the diagnosis
of heparin-induced thrombocytopaenia is suspected or confirmed, all forms of heparin must be discontinued (Grade 1B).
In these patients, immediate anticoagulation with a nonheparin
anticoagulant rather than discontinuation of heparin alone is
recommended (Grade 1C).

Published online 6 November 2017

Introduction
The risk of venous thromboembolism (VTE) in critically
ill patients is substantial and is influenced by several
factors, including underlying disorders, the duration of
mechanical ventilation and the duration of ICU stay.
Several studies have assessed the efficacy and safety of
prophylactic strategies in this setting. We discuss the
incidence, risk factors and prevention of VTE in critically
ill patients admitted to ICU and we make recommendations for the prevention of VTE in this group. These
recommendations are drawn from and expand other
recent thromboprophylaxis guidelines such as those of
the American College of Chest Physicians (ACCP).1
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94275 Le Kremlin Bicêtre, France
Tel: +33 1 45 21 34 41; e-mail: jacques.duranteau@aphp.fr
0265-0215 Copyright ß 2018 European Society of Anaesthesiology. All rights reserved.

DOI:10.1097/EJA.0000000000000707

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.

European guidelines on perioperative venous thromboembolism 143

The risk of venous thromboembolism in
critically ill patients
Autopsy studies have demonstrated the burden of fatal
pulmonary embolism in hospitalised patients and
highlighted that pulmonary embolism is a common preventable cause of in-hospital mortality. In these studies,
pulmonary embolism contributed to death in approximately 5 to 10% of patients.2,3
Because fatal or life-threatening pulmonary embolism is
often the first clinical manifestation of VTE, prevention
of the disease has become an established priority in ICUs.
Critical care patients are prone to VTE, but the risk
varied widely in reported historical studies, from 15%
to well over 50%. Also, more contemporary data showed
that the burden of VTE remains considerable despite the
routine use of pharmacological prophylaxis, with VTE
occurring in 4 to 15% of patients in ICUs.4–6

The use of ultrasonographic screening for deep
vein thrombosis
Because deep vein thrombosis (DVT) is often asymptomatic in critically ill patients and because fatal or lifethreatening pulmonary embolism is often the first clinical
manifestation of the disease, surveillance screening for
DVT in selected patients has been advocated. Furthermore, the expertise of venous echography is readily
available in ICUs because of its frequent use to assist
in the placement of central venous catheters.7 Most
studies with compression duplex ultrasound (DUS) surveillance have been performed in trauma patients. The
ACCP guidelines recommend against routine DUS surveillance both in nonsurgical patients and following
major surgery.1 Compression DUS can be considered
in selected high-risk patients with contraindications for
pharmacological prophylaxis. No outcome studies have
evaluated whether the routine surveillance for DVT in
critically ill patients improves the outcome of such
patients. The detection of asymptomatic or distal DVT
may prompt therapeutic anticoagulation, which increases
the bleeding risk but may not result in a reduction of the
burden of clinically relevant VTE. Hence, routine DUS
is not recommended when thromboprophylactic measures are in place, and when the diagnostic suspicion
for the disease is low. Screening can be suggested in
selected patients at a particularly high risk, such as
patients with multiple trauma in whom there is an
unavoidable delay before starting pharmacological prophylaxis due to the risk of haemorrhage, or patients with
heparin-induced thrombocytopaenia (HIT) or in at-risk
patients unable to report pain.
The role of pharmacological prophylaxis for the
prevention of venous thromboembolism in
critically ill patients
Several randomised controlled trials have assessed the
efficacy and safety of low-dose unfractionated heparin

(LDUH) and low molecular weight heparin (LMWH) for
the prevention of VTE in critically ill patients. The
results of five studies have been pooled by the authors
of the 2012 ACCP clinical practice guidelines.1 When
combined, the results of these studies suggested that
pharmacological prophylaxis nonsignificantly reduces the
risk of symptomatic DVT and pulmonary embolism, and
nonsignificantly increases the risk of major bleeding. A
subsequent meta-analysis was published in 2013 and
included seven trials with the addition of two studies
reported as abstracts.8 Two of the included studies compared LDUH administered twice daily with placebo, one
compared the LMWH nadroparin with placebo, and four
studies compared LDUH administered twice daily with
the LMWHs enoxaparin (40 mg once daily in two studies
and 30 mg twice daily in one study) or dalteparin. Pharmacological thromboprophylaxis (including LDUH and
LMWH) significantly reduced the rates of overall DVT
(risk ratio 0.51, 95% confidence interval (CI) [0.41 to
0.63]) and pulmonary embolism (risk ratio 0.52, 95% CI
[0.28 to 0.97]), but not the rates of symptomatic DVT
(risk ratio 0.86, 95% CI [0.59 to 1.25]) when compared
with placebo, while major bleeding (risk ratio 0.82, 95%
CI [0.56 to 1.21]) and mortality rates (risk ratio 0.89, 95%
CI [0.78 to 1.02]) were similar. LWMH significantly
reduced the rates of symptomatic pulmonary embolism
(risk ratio 0.58, 95% CI [0.34 to 0.97]) when compared
with LDUH, with similar rates of symptomatic DVT (risk
ratio 0.87, 95% CI [0.60 to 1.25]), major bleeding (risk
ratio 0.97, 95% CI [0.75 to 1.26]) or mortality (risk ratio
0.93, 95% CI [0.82 to 1.04]). No studies are available with
fondaparinux or the direct oral anticoagulants in this
setting. Thus, until additional data become available,
only LDUH and LMWH can be recommended for the
prevention of VTE in critically ill patients, and on the
basis of the results of direct comparisons, LMWHs seem
to provide a more favourable efficacy profile than LDUH.
Yet, failure rates of anticoagulant prophylaxis with
LMWH or LDUH remain not negligible. In a recent
study, 7.7% of critically ill patients receiving anticoagulant prophylaxis developed VTE.9 Previous VTE or a
family history of VTE, and BMI, were independently
associated with treatment failure.

Venous thromboembolism prophylaxis in
critically ill patients with severe renal
insufficiency
There are only limited data on the use of LMWH in
patients with severe renal insufficiency [i.e. patients with
creatinine clearance (CrCl) below 30 ml min1] where
drug accumulation may occur.10 In contrast, UFH metabolism is less affected by renal function and a prolonged
activated partial thromboplastin time (aPTT) in a patient
with severe renal insufficiency suggests drug accumulation.10 Moreover, in critically ill patients with a high
bleeding risk, UFH is rapidly eliminated after discontinuation and can be antagonised by protamine sulphate.11

Eur J Anaesthesiol 2018; 35:142–146
Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.

144 Duranteau et al.

The use of LMWH has been shown to be effective and
well tolerated in circuit thrombosis during haemodialysis
in patients with end-stage renal failure.12 However, no
data on the optimal dosing of LMWH in unstable
patients with continuous renal replacement therapies
are available.
Among different LMWHs, the clearance of dalteparin
and tinzaparin, which have the highest molecular
weights, is less dependent on renal function than the
clearance of LMWHs with a lower molecular weight,
such as enoxaparin or nadroparin.10 In one study on
dalteparin in ICU patients with severe renal failure,
the anticoagulant activity remained within the expected
ranges for VTE prophylaxis during the first 7 days of
therapy.13 In another study,14 DVT prophylaxis with
dalteparin (5000 IU once daily) was given to 156 critically
ill patients with CrCL less than 30 ml min1. In 120
patients with anti-Xa level assessment, no patient showed
drug bioaccumulation (defined as anti-Xa level
>0.40 IU ml1). Major bleeding occurred in 7% of
patients, all with anti-Xa levels of 0.18 IU ml1 or lower.
For other LMWHs, a meta-analysis including studies
performed in noncritically ill cohorts showed that anticoagulant activity and the risk of major bleeding were
higher in patients with a CrCL less than 30 ml min1
when a standard therapeutic dose of enoxaparin was used
in comparison with patients with higher CrCL.15 Data
were insufficient for tinzaparin and, in general, for prophylactic doses of LMWH. In patients with prolonged
administration of prophylactic LMWH, a reduced dose of
enoxaparin may be considered to decrease the risk of
bleeding. Alternatively, because dose reductions could
expose patients to an increased risk of VTE, anti-Xa
levels can be measured periodically, although this may
not be available in all centres.
Few studies have investigated selective factor Xa or
thrombin inhibitors in this setting. One study evaluating
fondaparinux in a small number of high-risk postoperative patients with renal insufficiency suggested that the
use of 1.5 mg of fondaparinux every 24 h for thromboprophylaxis in patients with renal insufficiency undergoing high-risk surgical procedures was well tolerated.16 No
data are available on the direct oral anticoagulants in
critically ill patients with renal insufficiency.

Deep vein thrombosis prophylaxis in patients
with severe liver dysfunction
Coagulation abnormalities in acute liver failure or endstage liver disease may significantly increase the risk of
bleeding in patients receiving thromboprophylaxis. Nevertheless, the risk of DVT is similar in patients with or
without liver cirrhosis.17 Moreover, in patients undergoing orthotopic liver transplantation, Alexander et al.18
showed that the overall incidence of VTE was 2%;
remarkably, the incidence of VTE was higher in patients
receiving thromboprophylaxis (3.6 vs. 1.4%; P ¼ 0.06).

No study has prospectively evaluated the efficacy and
safety of DVT prophylaxis in this patient population. As
LDUH is currently used to prevent thrombosis in cirrhotic patients treated with transjugular intrahepatic
porto-systemic shunts (TIPSS),19 this may be considered
as a first choice therapy in this setting.

Deep vein thrombosis prophylaxis in patients
with thrombocytopaenia
Patients with a low platelet count present a significant
increase in the risk of bleeding when receiving thromboprophylaxis. In a double-blind, randomised controlled
study comparing enoxaparin with placebo for the prevention of VTE in noncritically ill patients, a platelet count of
less than 100 000 mm3 was an exclusion criterion.20 In
another study evaluating the risk of drug accumulation
during dalteparin therapy in critically ill patients,14
patients with a platelet count lower than 75 000 mm3
were not considered eligible.
Mechanical DVT prophylaxis is considered an alternative
in these patients. In patients at a high risk of bleeding,21
including patients with a platelet count less than
50 000 mm3, intermittent pneumatic compression
(IPC) associated with graduated compression stockings
(IPCþGCS) reduced the occurrence of VTE between
days 1 and 6 from 9.2% (GCS alone) to 5.6% (P ¼ 0.19). In
a study including patients with absolute contraindications
to pharmacological prophylaxis, early bedside placement
of an inferior vena cava (IVC) catheter was a well tolerated and effective alternative to short-term drug administration.22

What to do in critically ill adult patients who
develop heparin-induced thrombocytopaenia
while receiving heparin?
There is no clear evidence that UFH or LMWHs have
any effect on the occurrence of all-cause thrombocytopaenia in different patient populations.23 However,
heparin-induced thrombocytopaenia (HIT) is a lifethreatening complication that may develop after exposure to UFH or LMWHs, which is triggered by an
autoimmune process with IgG auto-antibodies directed
against platelet factor 4 (PF4).24 These antibodies
eventually activate platelets and increase the risk of
both arterial and venous thrombosis.
In the event of suspected or confirmed HIT, all forms of
heparin should be discontinued. In the absence of a high
risk of bleeding, anticoagulation with a nonheparin anticoagulant should be initiated in all patients, but warfarin
should not be started until thrombocytopaenia resolves
because of the risk of transient hypercoagulability and
limb gangrene.25 Currently available drugs are argatroban, fondaparinux, bivalirudin, lepirudin (limited availability) and danaparoid (risk of cross reaction with HIT
antibodies in 5 to 10% patients).26 Argatroban should be
considered in patients with renal failure, as this drug is
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metabolised by the liver and does not require dose
adjustment in this setting. In 20 critically ill patients
with HIT and renal failure, argatroban was associated
with a rapid increase in platelet count; new thrombotic
events were observed in 25% of patients and major
bleeding in 15%.27 In another retrospective study on
critically ill patients with HIT (n ¼ 56), no thromboembolic complications were observed during argatroban
therapy.28 Finally, argatroban can also provide effective
anticoagulation in patients undergoing continuous renal
replacement therapy.29 However, the half-life of argatroban is markedly increased in some critically ill patients,
such as after heart surgery, and further prolonged by
hepatic dysfunction.30 In 12 patients with multiple organ
dysfunction/failure and treated with argatroban for suspected or diagnosed HIT, a decrease in the initial dosage
was mandatory.31
In a small cohort of critically ill patients with suspected
HIT, a prophylactic dose fondaparinux was effective to
prevent new thrombotic events and avoided the enlargement of previously existing clots.32 Fondaparinux has also
been used with an acceptable rate of thrombosis and
without major bleeding events in patients with a left
ventricular assist device who were diagnosed with HIT.33
Fondaparinux had similar effectiveness and safety as
argatroban in patients with suspected HIT.34 Fondaparinux can also be used during continuous renal replacement therapy because of its low molecular weight and the
lack of binding to proteins that facilitates drug elimination through renal replacement therapy techniques.35
However, clinical experience with fondaparinux in
HIT patients is still limited and deserves further studies,
especially in critically ill patients. As an alternative, low
doses of bivalirudin safely achieved adequate anticoagulant levels in critically ill patients with hepatic and/or
renal dysfunction.36 In particular, bivalirudin treatment
was associated with a reduction of major bleeding
(P ¼ 0.05) compared with UFH in patients undergoing
heart surgery and should be considered as one of the first
therapeutic options in this patient population when HIT
is diagnosed.37

The role of mechanical prophylaxis
This is discussed elsewhere in [EJA-D-17-00379 –
Afshari A et al.]
The use of inferior vena cava filters
There are no randomised controlled trials that have
assessed the role of IVC filters in critically ill patients
with contraindications to anticoagulant prophylaxis. In
two prospective cohort studies, the Angel Catheter
device was placed in a total of 68 patients at a high risk
of pulmonary embolism admitted to ICUs.22,38 In the
first study, the filter was implanted in 51 of 68 patients
for the primary prevention of VTE; the majority of
patients (55%) were admitted because of trauma, and

all but three patients had contraindications to anticoagulant therapy.22 In the second study, in seven of
eight enrolled patients, the filter was implanted for the
primary prevention of VTE; three had contraindications to anticoagulant therapy and the majority (n ¼ 6)
were admitted because of trauma.38 All devices were
retrieved without complications. Until additional evidence becomes available, the use of IVC filters should
be considered only for patients with absolute contraindications to anticoagulant prophylaxis in whom IPC
cannot be used.

Recommendations
 In critically ill patients, we recommend against the
routine use of compression DUS screening of DVT
(Grade 1B).
 We recommend an institution-wide protocol for the
prevention of VTE that includes the use of mechanical
thromboprophylaxis, that is IPC (Grade 1B).
 For critically ill patients, we recommend using
thromboprophylaxis with LMWH or LDUH (Grade
1B) and we recommend LMWH over LDUH
(Grade 1B).
 For VTE prophylaxis in critically ill patients with
severe renal insufficiency, we suggest the use of
LDUH (Grade 2C), dalteparin (Grade 2B) or reduced
doses of enoxaparin (Grade 2C). Monitoring of anti-Xa
activity may be considered when LMWH is used in
these patients (Grade 2C).
 The use of pharmacological prophylaxis in patients
with severe liver dysfunction should be carefully
balanced against the risk of bleeding. If a treatment is
administered, the use of LDUH or LMWH is
suggested (Grade 2C).
 We suggest no prophylaxis or the use of IPC in patients
with a platelet count less than 50 000 mm3 and a high
risk of bleeding (Grade 2C).
 For critically ill patients, we recommend against the
routine use of IVC filters (IVCFs) for the primary
prevention of VTE (Grade 1C). We suggest the use of
IVCF in patients who can neither receive pharmacological prophylaxis nor IPC (Grade 2C).
 In critically ill patients with a suspected or confirmed
diagnosis of heparin-induced thrombocytopenia
(HIT), all forms of heparin must be discontinued
(Grade 1B). In these patients, immediate anticoagulation with a nonheparin anticoagulant rather than
discontinuation of heparin alone is recommended,
unless there is a strong contraindication to anticoagulation (Grade 1C). The selection of nonheparin
anticoagulants should be based on patient characteristics: argatroban is the first choice in patients with
renal insufficiency, and bivalirudin in patients undergoing or after cardiac surgery (Grade 2C). The use of
fondaparinux can also be considered in these patients
(Grade 2C).
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