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Abstract

Background: Any surgical procedure carries a risk for venous thromboembolism (VTE), albeit
variable. Improvements in medical and surgical practices and the shortening of care pathways
due to the development of day surgery and enhanced recovery after surgery, have reduced the
perioperative risk for VTE.

Obijective: A collaborative working group of experts in perioperative haemostasis updated in
2024 the recommendations for the Prevention of perioperative venous thromboembolism
published in 2011.

Methods: The addressed questions were defined by 40 experts (GIHP, SFAR, SFTH and
SFMV) and formulated in a PICO format. They performed the literature review and formulated
recommendations according to the Grading of GRADE system. Recommendations were then
validated by a vote determining the strength of each recommendation. Of note, these
recommendations do not cover all surgical specialties. Especially, thromboprophylaxis in
cardiac surgery, neurosurgery and obstetrics is not addressed.

Results: 78 recommendations were formalized into 17 sections, including patient-related VTE
risk factors, types of surgery, extreme body weight, renal impairment, mechanical prophylaxis,
distal deep vein thrombosis; 27 were found to have a high level of evidence (GRADE 1) and
41 a low level of evidence (GRADE 2) and 10 were expert opinion. All had strong agreement
among the experts.

Conclusions: These guidelines help to weigh the perioperative risk for VTE (which includes
the risk associated to surgery and the patient-related risk) against the adverse effects of
thromboprophylaxis, either pharmacological or mechanical. This includes particularly the
bleeding risk induced by antithrombotic drugs as well as costs.

Key words: Guidelines; thromboembolism; anticoagulant; bleeding; surgery
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Any surgical procedure carries a risk for venous thromboembolism (VTE), albeit variable. The
French Society of Anesthesia and Critical Care (SFAR) published Guidelines on the prevention
of perioperative VTE in 2005, updated in 2011. Since then, improvements in medical and
surgical practices and the shortening of care pathways due to the development of day surgery
and enhanced recovery after surgery, have reduced the perioperative risk for VTE. These
improvements led the French Working Group on Perioperative Haemostasis (GIHP) in
collaboration with the SFAR, the French Society of Thrombosis and Haemostasis (SFTH), and
the French Society of Vascular Medicine (SFMV) to update the recommendations, weighing
the perioperative risk for VTE - which includes the risk associated to surgery, presumably lower
than in the past, and the patient-related risk- against the adverse effects of thromboprophylaxis,
either pharmacological or mechanical. This includes particularly the bleeding risk induced by
antithrombotic drugs as well as costs. The term "thromboprophylaxis” by default refers to
primary venous thromboprophylaxis; the term "secondary thromboprophylaxis” is used when
it refers to the prevention of recurrent VTE. These recommendations do not apply to patients
with inherited coagulation disorders.

Regarding methodology, the addressed questions were defined by experts and formulated in a
PICO format (Population, Intervention, Comparison, Outcome). Whenever the outcomes were
the same across the guidelines section, they were not reformulated in each recommendation. If
the outcome criterion differed, it was then mentioned in the recommendation. Several working
groups comprised of members from the GIHP, SFTH, and/or SFMV performed the literature
review and formulated recommendations according to the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) methodology. A level of evidence was
defined for each of the quoted references based on the type of study and could be reassessed,
considering the methodological quality of the study. A global level of evidence was determined
for each endpoint based on the levels of evidence from each reference, the consistency of results
among different studies, the direct or indirect nature of evidence, cost analysis, and the extent
of the benefit. A “high” overall level of evidence justified formulation of a "strong"
recommendation (we recommend doing/we do not recommend doing... GRADE 1+/1-). A
“moderate or low” overall level of evidence led to the formulation of an "optional"
recommendation (we suggest doing/we do not suggest doing... GRADE 2+/2-). When the level
of evidence was very low or the literature almost non-existent, the recommendation could be
formulated as an expert opinion (the experts suggest...). These recommendations were then
validated through a voting process (n=37 participants), thereby determining the strength of each
recommendation (rating scale ranging from 1 (complete disagreement) to 9 (complete
agreement). To make a recommendation with strong agreement, at least 70% of the members
had to express their agreement, while fewer than 20% could express their opposition. In the
absence of strong agreement, proposals were reformulated and submitted again to the vote to
achieve consensus. In the end, all recommendations obtained a strong agreement.

This article includes the PICO questions, the corresponding recommendations, and 3 figures.
Most PICO questions ask whether venous thromboprophylaxis is associated with a favorable
benefit/risk ratio between thromboembolic and bleeding complications, i.e. whether venous
thromboprophylaxis reduces the risk of thromboembolic complications more than it increases



the risk of bleeding. The rationale of each section and relevant references can be found in the
supplementary data.

Summary of recommendations

1. Should protocols of perioperative venous thromboprophylaxis be implemented to
reduce the risk of thromboembolic and bleeding complications?

R1.1 We recommend implementing local protocols of venous thromboprophylaxis to reduce
the risk of perioperative complications. These protocols include early ambulation as well as
pharmacological and mechanical prophylaxis, whose indication, methods, and duration depend
on the risk for VTE of the patient and surgery, the bleeding risk, and the perioperative care
pathway (Grade 1+).

2. Do patient-related risk factors for VTE modify the management of venous
thromboprophylaxis? (figure 1)

R2.1 After surgery with a low risk for VTE, if the patient has a major personal risk factor for
VTE or several minor risk factors, we suggest using thromboprophylaxis with an anticoagulant
for a minimum of 7 days (Grade 2+).

R2.2 If there is any notion of major thrombophilia without long-term anticoagulant treatment,
experts suggest consulting a specialized center to document the type of thrombophilia and
assess the risk for VTE (Expert opinion).

When surgery is associated with a high risk for VTE, venous thromboprophylaxis is required
regardless of the patient-related risk factors for VTE. Conversely, when surgery is associated
with a low risk for VTE, a personalized strategy is needed: routine thromboprophylaxis is not
a priori required but the following patient-related risk factors for VTE should be considered
when discussing the indication for postoperative thromboprophylaxis (table 1).

Table 1: Patient-related risk factors for VTE

Major Risk Factors

e Personal history of VTE

e Known major thrombophilia (see below)

o Active cancer (treatment within the last six months)

« Class III obesity or higher (Body Mass Index (BMI) > 40 kg/m?)*

Moderate or Minor Risk Factors

e Age>75 years”

o Heart failure or respiratory failure, chronic obstructive pulmonary disease

e Chronic inflammatory disease (rheumatoid arthritis, inflammatory bowel disease,
lupus, etc.)

e Severe renal impairment (estimated Glomerular Filtration Rate (eGFR) < 30

mL/min/1.73 m? according to Cockcroft and Gault formula)

Estrogen hormone treatment

Pregnancy or postpartum

Class I and 11 obesity (BMI 30 to 40 kg/m?)

Recent prolonged bed rest

Neurological deficit < 1 month (stroke, spinal injury)

Use of orthopedic lower-limb immobilization or bed rest after surgery




# Age and body weight (and BMI) being continuous variables, the risk increases as they
increase. Thresholds of 75 years for age and 40 kg/m? for BMI can be proposed (see dedicated
section).

3. Which venous thromboprophylaxis should be used in orthopedic surgery to improve
the benefit/risk ratio between thromboembolic and bleeding complications?

3.1 Patients undergoing total hip arthroplasty (THA) or total knee arthroplasty (TKA) (figure
2)

R3.1.1 We recommend using pharmacological thromboprophylaxis after THA or TKA (Grade
1+).

R3.1.2 We recommend pharmacological thromboprophylaxis for 35 days after THA and 14
days after TKA (Grade 1+).

R3.1.3 We recommend one of the following:

- either an anticoagulant (Direct Oral Anticoagulant (DOAC), Low Molecular Weight Heparin
(LMWH), or fondaparinux) for the entire duration of thromboprophylaxis (Grade 1+),

- or sequential thromboprophylaxis, starting with 5 days of anticoagulant followed by aspirin
for 30 days after THA or 9 days after TKA, if the patient is successfully managed in an
Enhanced Recovery After Surgery (ERAS) pathway and does not have any major risk factors
for VTE** or multiple minor risk factors (Grade 1+).

**Major Risk Factors: Personal history of VTE, known major thrombophilia, active cancer,
Class 1II obesity or greater (BMI > 40 kg/m?)

3.2 Hip fracture surgery

R3.2.1 We recommend the use of LMWH or fondaparinux for 4 weeks after hip fracture surgery
(Grade 1+).

R3.2.2 If surgery is delayed, we suggest starting thromboprophylaxis preoperatively, preferably
with LMWH, with a minimal interval of 12 hours between the last LMWH injection and surgery
(Grade 2+).

3.3 Nonmajor orthopedic and trauma surgery of the lower limbs

Fracture of the femoral shaft, tibial plateau, patella, tibia or ankle, and Achilles tendon rupture
R3.3.1 We recommend thromboprophylaxis with an anticoagulant (anti-Xa DOAC or LMWH)
after surgery for femoral shaft fracture, tibial plateau, patella, tibia or ankle, or Achilles tendon
rupture (Grade 1+).

R3.3.2 We suggest the use of anti-Xa DOAC over LMWH (Grade 2+).

R3.3.3 If surgery is delayed by more than 12 hours, we suggest starting thromboprophylaxis
preoperatively, preferably with LMWH, with a minimal interval of 12 hours between the last
LMWH injection and surgery (Grade 2+).

R3.3.4 We suggest continuing thromboprophylaxis until ambulation with full weight-bearing
is achieved and for a minimum duration of 7 days (Grade 2+).

R3.3.5 We do not recommend aspirin for venous thromboprophylaxis (Grade 1-).

Knee ligament repair, simple arthroscopy, meniscectomy, forefoot surgery, removal of
osteosynthesis material

R3.3.6 We suggest against routine pharmacological thromboprophylaxis after knee ligament
repair, simple arthroscopy, meniscectomy, forefoot surgery, or removal of osteosynthesis
material (Grade 2-).



R3.3.7 If the patient has a major personal VTE risk factor** or several minor risk factors, we
suggest thromboprophylaxis with an anticoagulant (anti-Xa DOAC or LMWH) (Grade 2+).
R3.3.8 If pharmacological thromboprophylaxis is prescribed, experts suggest a
thromboprophylaxis duration of at least 7 days (Expert opinion).

**Major Risk Factors: Personal history of VTE, known major thrombophilia, active cancer,
Class III obesity or greater (BMI > 40 kg/m?) (see dedicated section)

4. Which venous thromboprophylaxis should be used in major abdominal and pelvic
surgery (including gynecological and urological) to improve the benefit/risk ratio between
thromboembolic and bleeding complications?
R4.1 After abdominal and pelvic surgery with a high risk for VTE (whether cancer-related or
not):

e We recommend thromboprophylaxis with LMWH for 4 weeks, including minimally

invasive surgery or ERAS pathway (Grade 1+).

e We suggest that fondaparinux may be used as an alternative to LMWH (Grade 2+).
R4.2 We suggest that anti-Xa DOACs may be used as an alternative to LMWH after recovery
of gastrointestinal function. (Grade 2+).

R4.3 After abdominal and pelvic surgery with an intermediate risk for VTE, we suggest
thromboprophylaxis with LMWH for a minimum of 7 days. (Grade 2+).

R4.4 After abdominal and pelvic surgery with a low risk for VTE, we suggest against routine
pharmacological prophylaxis. Pharmacological prophylaxis is suggested if the patient has a
major personal VTE risk factor** or several minor risk factors, or in the case of prolonged
surgery or postoperative complications (Grade 2-).

**Major Risk Factors: Personal history of VTE, known major thrombophilia, active cancer,
Class III obesity or greater (BMI > 40 kg/m?)

5. Which venous thromboprophylaxis should be used in oncologic surgery to improve the
benefit/risk ratio between thromboembolic and bleeding complications?

R5.1 After cancer surgery with a high risk for VTE, we recommend thromboprophylaxis with
LMWH for a minimum of 7 days (Grade 1+).

R5.2 We suggest beginning pharmacological prophylaxis postoperatively (refer to the dedicated
section) (Grade 2+).

R5.3 We suggest using intermittent pneumatic compression (IPC) during and after oncologic
surgery in case of very high risk for VTE* or when pharmacological prophylaxis is
contraindicated (Grade 2+).

# in particular the combination of a major patient-related risk factor for VTE and surgery with
a high risk for VTE.

This section discusses indications of thromboprophylaxis after surgery for breast cancer, head
and neck cancer, or lung cancer.

6. Which venous thromboprophylaxis should be used in vascular surgery to improve the
benefit/risk ratio between thromboembolic and bleeding complications?
R6.1 After carotid surgery, we suggest against routine venous thromboprophylaxis. (Grade 2-).



R6.2 After abdominal aortic surgery (open or endovascular) or open surgical arterial
revascularization of the lower limbs, we suggest pharmacological venous prophylaxis until
ambulation is resumed (Grade 2+).

R6.3 After arterial endovascular procedures (angioplasty and/or stenting) of the lower limbs,
we suggest against routine venous thromboprophylaxis (Grade 2-).

R6.4 After lower-extremity revascularization (open or endovascular) for peripheral artery
disease eligible for treatment with rivaroxaban 2.5 mg twice daily and aspirin 100 mg daily
(with or without clopidogrel within the first month) to prevent major cardiovascular events, we
suggest delaying the initiation of rivaroxaban until the end of venous thromboprophylaxis with
LMWH, when indicated (Grade 2+).

R6.5 Experts suggest against IPC in the perioperative setting of lower-extremity arterial
revascularization (expert opinion).

R6.6 After open surgery for varicose veins of the lower limbs (stripping), we suggest short-
term pharmacological venous thromboprophylaxis (<7 days) (Grade 2+).

R6.7 After endovenous thermal ablation for varicose veins, we suggest against pharmacological
venous thromboprophylaxis unless there are patient-related risk factors for VTE (Grade 2-).

7. When is the best time to introduce pharmacological venous thromboprophylaxis in
order to improve the benefit/risk ratio between thromboembolic and bleeding
complications?

R7.1 In planned surgery, when pharmacological thromboprophylaxis is indicated, we suggest
administering the first dose postoperatively to reduce the risk of bleeding (Grade 2+).

R7.2 When postoperative pharmacological thromboprophylaxis is indicated, we suggest
starting it between the 12" and 24" postoperative hour* (Grade 2+).

R7.3 In cases of high patient-related risk for VTE*, experts suggest starting thromboprophylaxis
postoperatively between the 6th and 12th hour, beginning with LMWH regardless of the
anticoagulant used the following day (expert opinion).

R7.4 In non-elective surgery, when surgery is delayed by more than 12 hours and
pharmacological thromboprophylaxis is indicated, we suggest starting it preoperatively with
LMWH, with a minimal interval of 12 hours between the last LMWH injection and surgery
(Grade 2+).

R7.5 We recommend that safety time intervals be observed between pharmacological
thromboprophylaxis and neuraxial anesthesia (Grade 1+).

* 1 i.e. the following morning for planned surgery

# : Personal history of VTE or known major thrombophilia or active cancer or Class 111 obesity
or greater (BMI > 40 kg/m?) or combination of several non-major risk factors

Neuraxial anesthesia and pharmacological prophylaxis

In regional anesthesia, neuraxial procedures (spinal, epidural, combined spinal-epidural
anesthesia) carry a bleeding risk that is increased by prophylactic doses of anticoagulants. The
removal of an epidural catheter is associated with the same bleeding risks as its placement.
Therefore, these procedures must be planned and performed according to the recommended
time interval from the last drug intake to the procedure, after 2 half-lives of the prophylactic
anticoagulant. After the procedure, thromboprophylaxis is resumed following the same
guidelines as after bleeding risk-associated surgery.

Table 2: Time from last intake of prophylactic anticoagulant to neuraxial procedure
Anticoagulant at Half-life Time from last anticoagulant intake to
prophylactic doses Neuraxial procedure




LMWH 5-7 hours 12 hours (if eGFR > 30 mL/min/1.73m?)

UFH SC 2 hours 4 hours

Apixaban 12 hours* 36 hours

Rivaroxaban 5-9 hours (11-13 24 hours (if eGFR > 30 mL/min/1.73m?)

hours in the elderly) *

Dabigatran 11-15 hours if 24-36 hours (if eGFR > 50
eGFR>50%* mL/min/1.73m?)

Fondaparinux 17 hours (21 hours in | 36 hours (if eGFR > 50 mL/min/1.73m?)
the elderly)*

* Data from the SmPC (Summary of Product Characteristics)

In cases of renal impairment (eGFR < 50 mL/min/1.73 m?), low body weight, and elderly
patients, extending the delays or performing assays may be necessary.

When assays are performed, the hemostatic safety thresholds for neuraxial procedures are as
follows: [DOAC] <30 ng/mL; Anti-Xa activity (LMWH) < 0.1 IU/mL (or below the laboratory's
limit of quantification); Anti-Xa activity (fondaparinux) < 0.1 ug/mL (or below the laboratory's
limit of quantification) (ESAIC/ESRA guidelines 2021)

8. Should intra- or postoperative intermittent pneumatic compression be used to reduce
the risk of thromboembolic complications?

R8.1 We recommend using IPC if venous thromboprophylaxis is indicated but anticoagulants
are contraindicated (Grade 1+).

R8.2 In cases of very high risk for VTE®, we suggest associating intra- or postoperative IPC
with pharmacological prophylaxis (Grade 2+).

R8.3 Experts suggest that the use of IPC should not delay the resumption of ambulation (expert
opinion).

9. Should graduated compression stockings be used during and/or after surgery to reduce
the risk of thromboembolic complications?

R9.1 We recommend against the use of graduated compression stockings for perioperative
thromboprophylaxis, regardless of the risk for VTE (Grade 1-).

10. Should inferior vena cava (IVVC) filter be placed before surgery to reduce the risk of
thromboembolic complications?

Primary prophylaxis

R10.1 We suggest that an I\VC filter should not be used for primary VTE prevention (Grade 2-
).

Secondary prophylaxis

R10.2 We suggest discussing the placement of a retrievable I\VC filter preoperatively for high-
bleeding-risk surgical procedures that must be performed less than one month after a pulmonary
embolism and/or proximal deep vein thrombosis of the lower limbs (Grade 2+).

R10.3 We recommend scheduling the removal of the IVC filter as soon as therapeutic-dose
anticoagulation is resumed without complication (Grade 1+).



11. Should venous thromboprophylaxis regimens be modified according to renal
impairment to improve the benefit/risk ratio between thromboembolic and bleeding
complications?
Severe renal impairment (estimated Glomerular Filtration Rate (€GFR) 15-30 mL/min/1.73 m?)
R11.1 We recommend adjusting pharmacological thromboprophylaxis to renal function (Grade
1+).
R11.2 In patients with severe renal impairment, we suggest LMWH over UFH or DOAC (Grade
2+).
R11.3 We recommend using the following LMWH according to the dosing regimens indicated
by the marketing authorization (Grade 1+):

e enoxaparin 2000 U x 1/day SC if eGFR is between 15 and 30 mL/min/1.73 m?

e tinzaparin 4500 IU x 1/day SC if eGFR is > 20 mL/min/1.73 m?

End-stage renal disease (e€GFR <15 mL/min/1.73 m?)

R11.4 For patients with end-stage renal disease, we recommend using UFH at a dose of 5000
IU x 2/day SC, as other anticoagulants are not recommended (Grade 1+).

Table 3: Thromboprophylaxis and renal function

Estimated GFR
(ml/min/1.73m?)

UFH

15 20 30 50

Tinzaparin

Enoxaparin

Fondaparinux 2.5 mg

Apixaban / rivaroxaban

Dabigatran

Red:
not recommended according to the SmPC; orange: not recommended according to the GIHP;
green: recommended

12. Should venous thromboprophylaxis regimens be modified according to obesity and
extreme weight to improve the benefit/risk ratio between thromboembolic and bleeding
complications?
12.1 Patients with obesity
R12.1.1 For patients with class | or Il obesity (BMI between 30 and 39 kg/m?) requiring
pharmacological thromboprophylaxis, we suggest using a standard dosing regimen (Grade 2+).
R12.1.2 For patients with class III obesity and above (BMI > 40 kg/m?) requiring
pharmacological prophylaxis, we suggest the following dosing regimens according to the
specific indications for each anticoagulant (Grade 2+):

e enoxaparin 4000 1U x 2/day subcutaneously. An increased dose of 6000 IU x 1/day is

also considered. The 6000 1U x 2/day dose may be reserved for patients > 150 kg.
e dalteparin 5000 IU x 2/day subcutaneously
e tinzaparin 75 IU/kg (actual weight) x 1/day subcutaneously
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e fondaparinux 5 mg x 1/day subcutaneously

e apixaban: 2.5 mg x 2/day orally

e rivaroxaban: 10 mg x 1/day orally. There is little experience with direct anti-Xa DOACs

for BMI > 50 kg/m2 or weight > 150 kg.

R12.1.3 For patients with class 11l obesity undergoing surgery with a high risk for VTE, we
suggest combining IPC with pharmacological prophylaxis (Grade 2+).
R12.1.4 After bariatric surgery, we suggest postoperative pharmacological thromboprophylaxis
with LMWH or fondaparinux for a minimum of 10 days (Grade 2+).

12.2 Patients with low body weight
R12.2.1 For patients with low body weight, we suggest adjusting dosing regimens accordingly
(Grade 2+).

13. Should pharmacological venous thromboprophylaxis be used after pediatric surgery
to improve the benefit/risk ratio between thromboembolic and bleeding complications?
R13.1 We suggest that from puberty or the age of 14, pharmacological prophylaxis should
follow the same recommendations as for adults (Grade 2+).

R13.2 Before puberty or the age of 14, experts suggest discussing the benefit-risk ratio of
pharmacological prophylaxis if several risk factors for VTE are present (Expert opinion).

14. Which venous thromboprophylaxis should be used in intensive care patients to
improve the benefit/risk ratio between thromboembolic and bleeding complications?
Does venous thromboprophylaxis impact the occurrence of thromboembolic and bleeding
complications in intensive care patients?
R14.1 We recommend using pharmacological prophylaxis in intensive care patients to reduce
VTE complications (Grade 1+).
R14.2 In the absence of end-stage renal disease, we recommend LMWH at prophylactic doses
over UFH (Grade 1+).
R14.3 When using LMWH for thromboprophylaxis, we suggest against monitoring anti-Xa
levels for dosing adjustment (Grade 2-).
R14.4 We suggest adjusting LMWH dosing in patients with low body weight, in those with
class I11 or greater obesity, and in patients with severe renal impairment (Grade 2+).
R14.5 For patients with stable severe renal impairment (estimated GFR between 15 and 30
mL/min/1.73 m2), we suggest using LMWH over UFH, according to the dosing regimens
indicated by the marketing authorization (Grade 2+):

- enoxaparin 2000 U x 1 subcutaneously per day if eGFR is from 15 to 30 mL/min/1.73 m2

-tinzaparin 4500 U x 1 subcutaneously per day if eGFR is > 20 mL/min/1.73 m?
R14.6 In cases of end-stage renal disease (eGFR < 15 mL/min/1.73 m2), we recommend using
UFH at a dose of 5000 1U x 2/day subcutaneously (Grade 1+).
R14.7 We recommended against the routine combination of IPC with pharmacological
prophylaxis (Grade 1-).
R14.8 We recommend IPC when prophylactic anticoagulants are contraindicated, particularly
in situations with a high risk of bleeding (Grade 1+).
R149 We recommend against Graduated Compression Stockings for venous
thromboprophylaxis, regardless of the risk for VTE (Grade 1-).
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15. Does the administration of tranexamic acid modify the regimens of perioperative
venous thromboprophylaxis?

R15.1 We recommend that the administration of tranexamic acid should not modify the regimen
of perioperative venous thromboprophylaxis (Grade 1-).

16. Should venous pharmacological prophylaxis be modified according to laboratory
testing to improve the benefit/risk ratio between thromboembolic and bleeding
complications?

Does laboratory testing during venous pharmacological prophylaxis impact the
occurrence and management of thromboembolic and bleeding complications?

Measuring the level of anticoagulation

R16.1 We suggest not measuring anti-Xa levels during thromboprophylaxis with LMWH
(Grade 2-).

R16.2 Experts suggest not measuring anticoagulation levels during prophylaxis with DOACs,
fondaparinux, or UFH (Expert opinion)

R16.3 We suggest not measuring anticoagulation levels for patients with extreme body weights
and those with renal impairment (refer to the dedicated sections) (Grade 2-)

R16.4 When facing bleeding during thromboprophylaxis with DOAC, LMWH, UFH, or
fondaparinux, experts suggest measuring the level of anticoagulation to estimate the
contribution of the anticoagulant to hemorrhage and to guide management (Expert opinion).
R16.5 Experts suggest implementing local procedures to define good practices for
anticoagulation level measurement (sampling conditions, threshold values) and management
(Expert opinion).

Platelet count monitoring and risk of heparin-induced thrombocytopenia (HIT)
R16.6 We suggest monitoring platelet count to detect heparin-induced thrombocytopenia (HIT)
(Grade 2+):
e Atinitiation of prophylaxis with LMWH, then once to twice a week from day 4 to day
14 of treatment, followed by once a week for one month if prophylaxis the treatment is
continued.
e Atinitiation of prophylaxis with UFH, then two to three times a week from day 4 to day
14 of treatment, followed by once a week for one month if prophylaxis is continued.
e |If thrombosis occurs despite prophylaxis with UFH or LMWH.

17. Does the diagnosis of a postoperative distal deep vein thrombosis modify the
prescribed venous thromboprophylaxis regimen? (figure 3)

Postoperative compression ultrasound (CUS)

R17.1 We recommend against routine screening for asymptomatic postoperative DVT (Grade
1-).

Postoperative distal deep vein thrombosis (ADVT)

R17.2 We recommend against routine treatment of postoperative isolated dDVT with
therapeutic anticoagulation (Grade 1-).

R17.3 When facing postoperative isolated dDVT, we recommend assessing the risk of
thrombotic extension (bilateral or multiple DVT (> 1 vein), personal history of VTE, active
cancer) and the bleeding risk (related to the patient and procedure) to select the optimal
management (Grade 1+).
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R17.4 In the absence of risk factors for extension, we suggest starting or continuing
anticoagulant thromboprophylaxis for 35 days without ultrasound monitoring (Grade 2+).
R17.5 In the presence of risk factors for extension, and if the bleeding risk is low, we suggest
starting therapeutic anticoagulation for 6 to 12 weeks (Grade 2+).

R17.6 In the presence of risk factors for extension:

- If the bleeding risk is high, experts suggest initiating or continuing anticoagulant
thromboprophylaxis for 6 to 12 weeks. A repeated leg vein CUS check may be suggested on
day 7 (expert opinion).

- If the bleeding risk becomes low, thromboprophylaxis can be switched to therapeutic
anticoagulation (expert opinion).

R17.7 If anticoagulant-based thromboprophylaxis is contraindicated, we suggest against
therapeutic-dosing anticoagulation or placement of I\VC filter. We suggest performing another
CUS on day 7 to look for proximal extension (Grade 2-).
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Figure 1:

Postoperative thromboprophylaxis: summary

Surgery-related risk for VTE ? ]

==

#: Patient-related risk factors for VTE
- Personal history of VTE*
- Known major thrombophilia®
- Active cancer (treatment within the last six months)*
- Class Il obesity or higher (BMI 2 40 kg/m?)*
- Age 275 ans
- Heari or respiratory faillure, COPD
- Severe renal impairment (GFR <30 mL/min/1.73 m? )
= Chronic inflammatory disease
- Estrogen Hormone treatment
- Pregnancy or postpartum (2 months)
- Class | and |l obesity (BMI 30-39 kg/m* )
- Recent prolonged bed rest
- Neurological deficit < 1 month (stroke, spinal injury)
= Use of orthopedic lower-limb immobilization
*= Major risk factors

Patient-related risk factors
for VTE ?¢
' '
no yoe Antl nt*
(1 mafor factor or several coagula
.M‘i'&‘l_ Duration according
1o surgery
No prophylaxis (at least 7 days)
(pharmacological / Anticoagulant*® 4 weeks ater major
m“hm) foratleast 7 dﬂﬁ abdominopeivic surgery)
Gr+ G2+ G+
[ In all cases: early ambulation and optimal hydration cz-]
Planned surgery: start anticoagulant postoperatively, G2+

between H12 et H24 if there is no high patient-related risk for VTE® G2+
(if high patient-related risk for VTE: baetween HE6 et H12 axpert cowmon)

Associate anticoagulant + IPC in cases of very high risk for VTE
(for ex: combination of a major patient-related VTE risk factor and

surgery with a high VTE risk ) G2 - fondaparinux 5 mg qd
- - DOAC: standard doses
l No place for graduated compression stockings c,.] 30<BMIS39 kg/m?: standard regimens Gae

GFR <30 mL/min/1.73m?:
- enoxaparin 2000 Ul qd sc if GFR from 15 to 30 mUmin/1.73m?
- tinzaparin 4500 Ul qd sc if GFR >20 mLU/min/1.73m?

GFR <15 mLimin/1.73m?: UFH 5000 UI bid sc G

Pharmacological thromboprophylaxis for obese patients
BMI 240 kg/m?:
- LMWH: enoxaparin 4000 Ul bid sc (6000 Ul bid if >150 kg) or
dalteparin 5000 U bid or tinzaparin 75 Ul/kg (real weight) qd

BMI: body mass index; DOAC: direct oral anticoagulant; DVT: deep vein thrombosis; GFR:
glomerular filtration rate; IPC: intermittent pneumatic compression; LMWH: Low-molecular-

weight heparin; VTE: venous thromboembolism.

For thromboprophylaxis after total hip or knee arthroplasty, see figure 2
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Figure 2:

Thromboprophylaxis after total hip arthroplasty (THA) or total knee arthroplasty

(TKA)

[ total hip or knee arthroplasty (THA / TKA) |
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#: Patient-related risk factors for VTE
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- Personal history of VTE®
- Known major thrombophilia*
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| no | - Heart or respiratory failure, COPD

| Patient-related risk factors for VTE?* |

- Chronic Inflammatory disease
- Estrogen Hormone treatment

l - Pregnancy or postpartum (2 months)

- Class | and Il obesity (BMI 30-39 kg/im?)
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finally not respected
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sequential thromboprophylaxis: Anticoagulant for Thromboprophylaxis:

5 days of anticoagulant followed by LMWH, apixaban, dabigatran or rivaroxaban, fondaparinux Grade 1+

75 to 100 mg aspirin for 30 days Start postoperatively batween H12 et H24 Grade 2¢
after THA or 9 days after TKA (except if thers is high patient-related risk for VTE®) Expert opinion

Grade 1+ Duration: TKA: 14 days; THA: 35 days Grade 1+

Associate anticoaguiant + IPC in cases of very high risk for VTE _ |Grade 2+

In all cases: early ambulation and optimal hydration Grade 2+

No place for graduated compression stockings

Griace 1-

BMI: body mass index; COPD: Chronic obstructive pulmonary disease; DOAC: direct oral
anticoagulant; ERAS: enhanced recovery after surgery; GFR: glomerular filtration rate; IPC:
intermittent pneumatic compression; LMWH: Low-molecular-weight heparin; THA / TKA:
total hip or knee arthroplasty; VTE: venous thromboembolism.
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Figure 3:
Management if isolated postoperative distal deep vein thrombosis

| Isolated postoperative distal DVT I

Risk of thrombotic extension ?
[ bilateral or multiple distal DVT (> 1 vein)
[ personal history of VTE
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Anticoagulant thromboprophylaxis Bleeding risk related to the patient
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for 6 to 12 weeks 6 to 12 weeks Echo-Doppler on day 7 to look for
Grade 2+ +echo-Doppler on D7 proximal extension
=+ switched to therapeutic Grade 2-
anticoagulation
expert opinion

DVT: deep vein thrombosis, VTE: venous thromboembolism
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Prevention of perioperative venous thromboembolism: guidelines from the French
Working Group on Perioperative Haemostasis (GIHP) developed in collaboration with
the French Society of Anaesthesia and Intensive Care Medicine (SFAR), the French
Society of Thrombosis and Haemostasis (SFTH) and the French Society of Vascular
Medicine (SFMV) and endorsed by the French Society of Digestive Surgery (SFCD), the
French Society of Pharmacology and Therapeutics (SFPT) and INNOVTE (Investigation

Network On Venous ThromboEmbolism) network

Rationale of the recommendations

Index:

1. Implementation of perioperative venous thromboprophylaxis protocols
2. Patient-related risk factors for VTE

3. Orthopedic surgery

4. Abdominal and pelvic surgery (cancer-related or not)

5. Oncologic Surgery (excluding abdominal and pelvic surgery)

6. Vascular surgery

7. Timing of pharmacological venous thromboprophylaxis initiation
8. Intermittent pneumatic compression

9. Graduated compression stockings

10. Inferior vena cava filter

11. Renal impairment

12. Obesity and extreme weights

13. Pediatric surgery

14. Patients in intensive care unit

15. Tranexamic acid and regimens of perioperative venous thromboprophylaxis

16. Laboratory testing during venous pharmacological prophylaxis
17. Postoperative distal deep vein thrombosis
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1. Implementation of perioperative venous thromboprophylaxis protocols

In the SFAR-2011 guidelines, the indication for venous thromboprophylaxis was primarily
based on the risk for VTE, combining risks related to the surgery and the patient [1]. The
bleeding risk was less considered, and the perioperative care pathway was not a determining
factor. Surgeries traditionally considered to be at high risk for VTE, such as total hip or knee
replacements, were performed during conventional hospitalization, and anticoagulant
thromboprophylaxis was routinely prescribed. However, improvements in surgical and
anesthetic techniques and reduced hospital stay durations have decreased the risk for VTE [2—
5]. This led to the consideration of lighter or shorter thromboprophylaxis protocols or those
based on other classes of antithrombotics to reduce postoperative bleeding risk. However, few
rigorously methodological studies have been conducted to compare traditional
thromboprophylaxis schemes to lighter ones [6,7]. Optimization of the perioperative care
pathway, including enhanced recovery after surgery (ERAS) and day-surgery, contributes to
reducing risk, but is not sufficient alone to eliminate the need for pharmacological
thromboprophylaxis, especially for patients with additional risk factors [4—7]. Moreover, this
pathway optimization involves various surgeries, each associated with its own VTE risk, for
patients with individual VTE risk factors, making it impossible to propose a universal
thromboprophylaxis regimen.

In practice, the assessment of the risk for perioperative VTE includes:

- the VTE risk of surgery;

- the patient-related risk factors for VTE (see dedicated section);

- the type of perioperative care pathway. While ERAS and outpatient surgery help reduce VTE
risk, a disrupted pathway increases it: for a given surgical procedure, patients who have a longer
than average operative time, do not ambulate within the first 24 hours, present a complication,
or have a longer-than-average hospitalization face an increased risk for VTE [3,4] and require
conventional thromboprophylaxis.

Implementing perioperative venous thromboprophylaxis protocols has improved patient
management: it has increased adherence to prophylaxis prescriptions in both planned and urgent
ERAS [8-13]. Large cohort studies across various surgeries have reported that this practice has
decreased thromboembolic events [14-17] and postoperative complications [8,9].

2. Patient-related risk factors for VTE

VTE is multifactorial, combining acquired and genetic risk factors [3,18,19]. The presence of
patient-related risk factors for VTE increases the VTE risk of surgery, as reported in case-
control or cohort studies. For example, a case-control study showed that the VTE risk after knee
arthroscopy was significantly higher in the presence of other acquired or genetic risk factors
[20].

Risk assessment models have been developed to stratify the VTE risk based on scores
combining surgical risk and patient-related factors. These models have a moderate predictive
value, and their use has not demonstrated any benefit compared to the empirical risk estimation
by the clinician [21]. Their main interest seems to be to remind clinicians of the risk factors to
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consider, similar to the list proposed here. In outpatient surgery, Pannucci et al. showed that the
accumulation of risk factors could multiply the risk for VTE by 20, but their retrospective study
did not assess all risk factors [22]. The Caprini score, published in 2005 and extensively studied,
considers risk factors related to the patient and surgery, with relatively low weight given to
surgery [23]. However, in the meta-analysis by Pannucci et al., the benefit-risk balance assessed
by this score was in favor of pharmacological prophylaxis only for very high-risk patients [24].
These studies emphasize that different risk factors do not have the same weight and that this
weight also varies according to publications, thus, it is not possible to propose a number of
minor risk factors beyond which thromboprophylaxis is necessary; this is a case-by-case
discussion.

For all proposed scores, a personal history of VTE is considered a major risk factor justifying
thromboprophylaxis. The same applies to active cancer. However, this criterion encompasses
situations associated with very different VTE risks depending on the initial site and histological
type of cancer (major thrombogenicity associated with brain, pancreatic, gastric, ovarian,
uterine, lung, and Kidney tumors, as well as myeloma, much less marked in breast cancers for
example), the metastatic stage, and the cancer therapies used (chemotherapy, tamoxifen,
immunotherapy...). Class I1I obesity or higher also leads to the prescription of pharmacological
thromboprophylaxis even in cases of low-risk surgery.

Among thrombophilias, only major thrombophilias are included in major VTE risk factors
[18,25-27]; an isolated minor thrombophilia (for example, heterozygous Factor V Leiden
mutation) is not an indication in itself for pharmacological prophylaxis. Thrombophilia should
be understood as a predisposition to thrombosis, the mechanism of which lies in the plasma
compartment of coagulation and can be detected by laboratory tests (phenotypic and/or genetic
[26,27]). Major thrombophilias include antiphospholipid syndrome, antithrombin deficiency,
protein C or S deficiency, homozygous Factor V Leiden mutation or homozygous Prothrombin
20210A Gene Mutation, combination of heterozygous Factor V Leiden mutation and
heterozygous Prothrombin 20210A Gene Mutation. However, isolated heterozygous Factor V
Leiden or Prothrombin 20210A Gene mutation are not major thrombophilias. Major
thrombophilias form a heterogeneous set with high albeit variable VTE risks. Antiphospholipid
antibodies are also heterogeneous (according to the type and degree of positivity of laboratory
tests), with variable VTE risks [28]. The antibodies are considered only when their persistence
has been established.

In practice, a known constitutional thrombophilia should always be searched for in the history
to stratify the risk for postoperative VTE and discuss the possible indication for venous
pharmacological prophylaxis after surgery associated with a low VTE risk:

e Major thrombophilia associated with long-term anticoagulant treatment:
pharmacological prophylaxis is prescribed postoperatively until the previous
anticoagulant treatment is resumed (or until bridging with therapeutic dose LMWH if
indicated).

e Major thrombophilia without long-term anticoagulant treatment (for example, patients
without a history of thrombosis): pharmacological prophylaxis is prescribed
postoperatively.

« Minor thrombophilia: no systematic venous pharmacological prophylaxis.

e No known thrombophilia, no personal history of VTE: there is no indication to perform
thrombophilia testing to stratify the risk for postoperative VTE (except in cases of a
documented family history of major constitutional thrombophilia) [26]. Advice from a
hemostasis specialist or a specialized center should be considered for complex patients
or situations.
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A study from the RIETE registry showed that 7.4% of women under 50 using hormonal
contraceptives developed postoperative VTE, mainly after non-major orthopedic surgery of the
lower limbs [29]. A case-control study showed that oral contraceptives in women under 50 were
associated with a higher risk for VTE after knee arthroscopy compared to those not taking them
[20].

An analysis of an American medical-administrative database suggests that the effect of age on
the postoperative VTE risk depends on the presence of comorbidities, the functional status of
the patient, and the type of surgery. Advancing age was a predictive factor for VTE after low-
risk surgery in patients without any other underlying comorbidity [30]. A prospective cohort
study showed that age > 60 years was an independent risk factor for VTE after outpatient
surgery [22]. Several age thresholds associated with an increased VTE risk can be proposed,
but it is a continuum, and the risk especially increases exponentially after 70-75 years [31].

A case-control study showed an association between renal impairment and the risk for VTE.
The risk was multiplied by 7 in patients with severe renal impairment (estimated GFR < 30
mL/min) compared to patients with normal renal function [OR 7.0 (95% CI: 2.2-21.8)] [32].
This study also found an interaction between surgery and renal impairment. While surgery
increased the risk by 7 times in patients without renal impairment compared to the non-operated
group, the risk was 14 times higher in operated patients with renal impairment (estimated GFR
< 60 mL/min). However, age and chronic kidney disease are also bleeding risk factors. The
decision to prescribe thromboprophylaxis based on these factors alone must be balanced against
the bleeding risk.

In two case-control studies involving patients who had arthroscopy or a cast, both age (> 55
years), and the presence of comorbidity (heart failure, chronic kidney disease, COPD...) were
independent factors for VTE [33,34]. The association between these comorbidities and VTE is
regularly found in cohort studies [35-37]. Chronic inflammatory diseases including
inflammatory bowel diseases (Crohn's disease and ulcerative colitis) are also risk factors for
VTE [38], leading to the suggestion of thromboprophylaxis during any hospitalization for
surgery in these patients. Acute conditions also increase the VTE risk. Thus, sepsis, major
inflammatory syndrome, acute renal failure, or transfusion lead to discuss thromboprophylaxis
(acute conditions are found in the list of risk factors under the term “prolonged bed rest"
associated with them).

Preoperative administration of erythropoietin is no longer considered a risk factor for VTE
because three recent systematic reviews have concluded that it was not associated with an
increased risk for VTE. Specifically, a meta-analysis of randomized trials comparing the
administration of iron alone or in combination with erythropoietin did not demonstrate an
increase in the risk for venous or arterial thrombosis [39].

Furthermore, a disrupted perioperative care pathway can be a risk factor for VTE: postoperative
medical or surgical complications or a failure of the ERAS pathway increases the risk and leads
to suggest pharmacological prophylaxis [40,41].

Regarding the duration of pharmacological prophylaxis justified by patient-related risk factors,
no trial has compared different durations. In a cohort study of patients undergoing various
outpatient surgeries, VTE occurred 8 days (interquartile range 5-13 days) after surgery [6].
Thus, we propose a minimum duration of one week to cover the most at-risk period, which
aligns with European recommendations [2].
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3. Orthopedic surgery
3.1 Patients undergoing total hip arthroplasty (THA) or total knee arthroplasty (TKA)

The progress in anesthesia and prosthetic surgery, alongside the development of ERAS
pathways and day surgery, likely explains the observed lower incidence of VTE following total
hip (THA) and knee arthroplasty (TKA) today [4]. However, despite anticoagulant
thromboprophylaxis, the incidence of symptomatic VTE at 90 days is estimated between 1.1%
and 1.8%, and that of pulmonary embolism (PE) between 0.35% and 0.8% [6,7,42], which
justifies the prescription of thromboprophylaxis started postoperatively.

Anticoagulants (DOACs, fondaparinux, or LMWH) are the recommended antithrombotics for
thromboprophylaxis. Enoxaparin is the most studied LMWH,; it has been used as a reference
control in pivotal trials demonstrating the benefits of DOACSs after THA and TKA [43-48]:
compared to enoxaparin 4000 1U x 1/day, apixaban 2.5 mg x 2/day [44,44] and rivaroxaban 10
mg x 1/day [45,46] were more effective in reducing major VTE (proximal DVT + PE) without
increased major or clinically relevant bleeding events, while dabigatran [47,48] was non-
inferior in efficacy and had a comparable bleeding risk. Network meta-analyses of these trials
suggest that among anticoagulants, the anti-Xa DOACs seem to have a better clinical benefit-
risk profile [49,50], and apixaban appears to be associated with fewer clinically relevant
bleeding events than rivaroxaban [49,51,52]. They also suggest that compared to enoxaparin
4000 1U x 1/day, enoxaparin 3000 IU x 2/day [50,53] and fondaparinux [49,50,54] are more
effective for VTE prevention but increase major bleeding, while VKAs [50,54] are significantly
less effective and therefore not recommended. Anti-Xl(a) anticoagulants are under
development and do not have marketing authorization in 2024.

The lower risk for VTE observed today has led to consider aspirin for thromboprophylaxis to
reduce costs, on the assumption that this antiplatelet agent would be effective and could reduce
bleeding complications. Numerous observational studies report the use of aspirin alone after
THA or TKA, with very variable rates of symptomatic VTE at 90 days, ranging from 0.1 to
3.5% [7,55-58]. Only two randomized trials, CRISTAL and EPCATZ2, have compared aspirin
to anticoagulants [6,7]. CRISTAL [7] demonstrated that aspirin 100 mg x 1/day compared with
enoxaparin 4000 1U x 1/day SC after THA and TKA resulted in a significantly higher rate of
symptomatic VTE within 90 days, (3.45% vs. 1.82% (difference 1.97%; 95% CI: 0.54%-3.41%
p=0.007)) with no reduction in major bleeding complications. Aspirin has also been evaluated
in sequential thromboprophylaxis, combining an anticoagulant followed by aspirin. In the
randomized EPCAT?2 trial [6], after 5 days of prophylaxis with rivaroxaban 10 mg in patients
undergoing THA or TKA, extended prophylaxis with aspirin was not significantly different
from rivaroxaban in the prevention of symptomatic VTE, with no difference in major bleeding
complications. This sequential thromboprophylaxis was given to patients without additional
VTE risk factors, with a short stay in the operating room (<90 minutes) and in hospitalization
(average 3.5 days) [6]. Therefore, we propose that sequential thromboprophylaxis combining 5
days of anticoagulant followed by aspirin (75 to 100 mg/day) be an option for patients with no
VTE risk factors managed in a successful optimized care pathway. An optimized pathway
(ERAS or outpatient) includes at least three conditions: surgery < 120 min, ambulation with
active foot flexion within the first 24 postoperative hours, and a hospital stay of less than 5
days. Concurrent use of non-aspirin NSAIDs should be considered with caution (not specified
in the trial) as they can interfere with the antithrombotic effect of aspirin and also increase the
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bleeding risk, particularly gastrointestinal. If the patient has additional VTE risk factors or if
the optimized care pathway could not be completed (surgery > 120 min, or ambulation with
foot flexion not achieved within the first 24 hours postoperatively, or hospitalization exceeding
5 days for any reason), pharmacological prophylaxis is performed with an anticoagulant alone
for its entire duration (DOAC, fondaparinux, or LMWH).

Regarding the duration of thromboprophylaxis, it should be noted that while VTE predominates
in the first week, it also occurs in the following weeks, even in an ERAS pathway [4]. After
THA, a randomized trial showed that extended thromboprophylaxis for one month is more
effective for VTE prevention than thromboprophylaxis during hospitalization only [59]. The
Cochrane group meta-analysis [60] suggested that extended thromboprophylaxis up to day 35
is also more effective than a 14-day duration for VTE prevention without an increase in major
bleeding, whether with LMWH or DOACSs. After TKA, the data are more fragile and do not
allow concluding on a potential benefit from extended thromboprophylaxis beyond the
recommended 14 days [60,61]. Therefore, after TKA, an extension between the 14th and 35th
day is left to the discretion of clinicians. Randomized trials on sequential thromboprophylaxis
have incorporated the same duration of 35 days total after THA and 14 days after TKA. There
IS no recent randomized trial evaluating shorter durations in the context of ERAS or day-
surgery.
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3.2 Hip fracture surgery (HFS)

The incidence of symptomatic VTE at 3 months following hip fracture surgery (HFS) remains
high despite anticoagulant thromboprophylaxis, ranging between 2.5% and 4.5% in recent
cohort studies [62,63]. LMWH were the first recommended anticoagulants as they reduce VTE
compared to placebo [64]. A Cochrane group meta-analysis concludes that heparins
(unfractionated heparin and LMWH) reduce both distal and proximal DVTs compared to
control [65].

Data on fondaparinux are the most robust. Short-term prophylaxis with fondaparinux 2.5
mg/day is more effective than enoxaparin in reducing the risk for major VTE (asymptomatic
proximal DVT and symptomatic VTE) [66]. Extended prophylaxis with fondaparinux for 3
additional weeks reduces symptomatic VTE compared to placebo [67]. These two trials showed
no significant difference in the incidence of major bleeding between fondaparinux and its
comparators. Nevertheless, a meta-analysis of four trials in major orthopedic surgery (THA,
TKA, and hip fracture) concluded in an increase in major bleeding risk with fondaparinux
compared to enoxaparin [68]. Furthermore, the bleeding risk observed with fondaparinux in
clinical practice appears higher than in randomized trials (5.2 vs. 2.7%) [69]. The following
bleeding risk factors have been identified for fondaparinux: first administration earlier than 6
hours post-surgery, body weight under 50 kg, moderate renal impairment (eGFR < 50 mL/min),
and male gender [68-70]. Since fondaparinux, administered between 3 to 9 hours post-surgery,
has comparable efficacy and a bleeding risk that decreases over time, it is proposed to start
thromboprophylaxis not earlier than 8 hours after surgery [68]. Finally, fondaparinux has only
been evaluated in the postoperative setting, leading to the start of prophylaxis preoperatively
with LMWH if surgery is delayed more than 12 hours after the patient's arrival.

After hip fracture, the risk for VTE increases if surgery is delayed [71,72]. The initiation of
LMWH thromboprophylaxis postoperatively is associated with an increased mortality
compared to thromboprophylaxis started preoperatively [73].

LMWHs are prescribed at doses equal to or greater than 4000 1U anti-Xa (e.g., dalteparin 5000
IU, enoxaparin 4000 IU, tinzaparin 4500 IU...). Thromboprophylaxis is started upon admission
if surgery is delayed by more than 12 hours. Fondaparinux is prescribed at a dosage of 2.5 mg
x 1l/day SC, for patients over 50 kg without moderate renal insufficiency (eGFR >50
mL/min/1.73m2). It is started at least 8 hours post-surgery, and preoperative administration of
LMWH is suggested if surgery is delayed by more than 12 hours.

The use of DOACs for thromboprophylaxis following HFS has been reported in cohorts and
two randomized trials [74]. However, the poor methodological quality of these studies does not
support the recommendation of DOACS for this indication.

Aspirin is not recommended: the PEP trial [75] showed that aspirin is more effective than
placebo, but aspirin has not been compared to LMWH, and its relative efficacy is unknown in
this high thrombotic risk situation. In 2010, the British guidelines modified their
thromboprophylaxis regimen after HFS, switching from aspirin to LMWH. The before/after
evaluation of this practice change showed a halving of symptomatic DVTs [76].
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3.3 Nonmajor orthopedic and trauma surgery of the lower limbs

In non-major orthopedic and trauma surgery, a meta-analysis showed that LMWH reduced
symptomatic VTE compared with no pharmacological prophylaxis [77]. The incidence of major
bleeding during LMWH prophylaxis (0.5%) is lower than in major orthopedic surgery.
Regarding DOACs, the PRONOMOS trial, which included over 3000 patients undergoing non-
major lower limb orthopedic surgery, showed that rivaroxaban 10 mg is more effective than
enoxaparin in reducing symptomatic VTE without increasing major bleeding events [78]. Thus,
the net clinical benefit favors rivaroxaban, leading to recommend it over LMWH after non-
major orthopedic surgery. On the basis of the class effect, as with LMWH, we suggest using
any anti-Xa DOAC, basing the choice on their own safety profile [49,79]. However, to date,
published data in non-major orthopedic surgery only concern rivaroxaban.

Non-major orthopedic and trauma surgery of the lower limbs encompasses various types of
surgery associated with variable risks for VTE (Fracture of the femoral shaft, tibial plateau,
patella, tibia or ankle, and Achilles tendon rupture, Knee ligament repair, simple arthroscopy,
meniscectomy, forefoot surgery, removal of osteosynthesis material...). Although this risk
remains low to moderate, it increases in the case of immobilization, trauma, and even more if
the trauma requires surgery [80]. Anticoagulant prophylaxis is systematically recommended
when the VTE risk is deemed sufficient (= major VTE >1% (symptomatic and asymptomatic
proximal)) and if the net clinical benefit remains favorable (= risk for major VTE greater than
the risk for major bleeding). This analysis is primarily based on surgery subgroups from the
PRONOMOS study [78].

After knee ligament repair, the incidence of symptomatic VTE has been estimated at 0.5% [81].
In the PRONOMOS trial, the incidence of major VTE with LMWH prophylaxis was 0.7%, but
with a higher incidence of major bleeding at 1.1%, leading to a net clinical benefit rather
unfavorable to systematic thromboprophylaxis [78]. For other surgeries, such as upper limb
[82] or forefoot surgery [83], the risk for VTE is judged too low to warrant thromboprophylaxis.
For diagnostic knee arthroscopy or meniscectomy, the POT-KAST trial did not demonstrate the
effectiveness of prophylaxis with LMWH. The incidence of symptomatic VTE without
thromboprophylaxis was 0.4% [84]. In these situations where the risk of VTE is low, the
indication for pharmacological prophylaxis depends on the patient-related VTE risk factors (see
dedicated section). There is no argument for preferring an anti-Xa DOAC over a LMWH.

Aspirin was compared to enoxaparin in a randomized trial involving 12,000 patients operated
for extremity fractures [85]. It was non-inferior to enoxaparin for 3-month mortality (average
age 44 vyears). Regarding secondary outcomes, the incidence of PE was similar but the
incidences of DVT and bleeding in critical organs were higher with aspirin.

There is limited data on the duration of pharmacological prophylaxis. In the case of cast
immobilization, the duration of prophylaxis in clinical trials is usually extended until the cast
is removed. After ankle fracture surgery, a trial suggests that a 6-week prophylaxis rather than
one week is associated with a reduction in VTE if the containment is plastered throughout the
immobilization but not if switched to an orthosis [86]. For knee ligament surgery, a 14-day
prophylaxis is not superior to a 7-day prophylaxis in reducing the VTE risk [87].

Patients with major VTE risk factors (personal history of VTE, active cancer, known major
thrombophilia, BMI >40kg/m2) are usually excluded from randomized trials. There is no data
suggesting whether duration of thromboprophylaxis should be modified for these patients. For
surgery with low VTE risk, when anticoagulant prophylaxis is justified by patient-related VTE
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risk factors (see dedicated section), a minimum duration of one week is proposed to cover the
most at-risk period.

Pharmacological prophylaxis is started postoperatively. However, in the case of delayed
surgery (more than 12 hours) in a traumatized and immobilized patient, preoperative
administration of LMWH is usually carried out in trials.
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4. Abdominal and pelvic surgery (cancer-related or not)

There is a continuum of postoperative VTE risk in abdominal and pelvic surgery from low to
high risk.

1. Abdominal and pelvic Surgery with high risk for VTE

This category includes surgical procedures considered major, though there is no consensus
definition. This concept implies prolonged surgery duration (a classic threshold is 2 hours),
extensive resection, or underlying oncologic or inflammatory disease [88]. Notable procedures
include:

Major hepatectomy, pancreatic surgery, colectomy, gastrectomy;

Prostatectomy, nephrectomy, cystectomy;

Abdominal or pelvic lymph node dissection;

High-route hysterectomy;

Surgery for uterine and ovarian cancer.

0O O O O O

In a North American retrospective study, hospital readmission due to VTE occurrence after
major abdominal surgery was 1.1% at 90 days [89]. The mortality rate was then 9.2%. Surgery
at highest risk includes pancreatectomy and cystectomy. In urological cancer surgery, the risk
for VTE is high after cystectomy (2.6 to 11.6%). After prostatectomy, it ranges from 0.2-0.9%
to 3.9-15.7% depending on the surgical technique and the performance of a lymph node
dissection. After nephrectomy, the risk varies from 0.7 to 11.6% [90]. In urological non-cancer
surgery, living-donor nephrectomy and renal transplantation are the procedures with the highest
risk (0.4 to 1.4% and 1.3 to 5.3%, respectively) [91].

After gynecologic oncology surgery (uterine, cervical, ovarian cancer), postoperative VTE risk
has decreased but remains high [92] and depends on the type of cancer: 1.2% for vulvar cancers,
1.1% to 1.5% for cervical cancers, 1.4 to 2.4% for uterine cancers and 2.4 to 7.5% at 30 days
for ovarian cancers [92-94]. When surgery involves the pelvic vessels, pelvic venous
thromboses are frequent, even without DVT of the lower limbs, and are associated with a high
risk of PE [95]. The VTE risk is increased in the presence of ascite [92], disseminated disease
[92,93], history of VTE [94], and also depending on surgical characteristics: laparotomy is
associated with a higher risk than laparoscopy, as is complex or prolonged surgery [92,93].

The randomized ENOXACAN-II trial demonstrated that 4-week thromboprophylaxis with
LMWH was more effective than one-week prophylaxis for VTE prevention after surgery for
abdominal or pelvic cancer, without increasing bleeding complications [96]. Similar results
were recorded after laparoscopic surgery for colorectal cancer [97]. The randomized trial by
Rasmussen et al., which also included major non-carcinological surgery, found similar results
[98]. In 2019, a Cochrane Collaboration meta-analysis of randomized trials concluded that 4-
week thromboprophylaxis after major abdominal and pelvic surgery reduced VTE compared to
prophylaxis limited to hospitalization, without increasing bleeding [99]. These results were
confirmed in the Knoll meta-analysis, which also included observational studies [100]. ERAS
pathways are not associated with a significant reduction in the incidence of VTE [1]. Therefore,
the same 4-week duration is proposed after major surgery in an ERAS or outpatient setting.

LMWH and fondaparinux 2.5 mg x 1/day are the reference drugs for postoperative VTE
prevention [88,101-103]. DOACs do not have the marketing authorization for VTE prevention
after abdominal and pelvic surgery as of early 2024. However, two recent randomized trials
suggest that DOACs are an interesting option: in laparoscopic colorectal surgery, after a 7-day
period of LMWH, continuing prophylaxis with rivaroxaban reduced VTE compared to placebo
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[103]. After gynecologic oncology surgery, 4-week thromboprophylaxis with apixaban 2.5 mg
x 2/day did not induce more bleeding complications than 4000 1U of enoxaparin, without
difference in VTE incidence [104]. In this latter trial, DOAC prophylaxis was associated with
high level of satisfaction compared to LMWH, and adherence to treatment was excellent (>
80%). In contrast, adherence to LMWH outside of randomized trials has been reported lower,
around 60% [105]. Therefore, we suggest using anti-Xa DOACs as an alternative to LMWH
after major abdominal and pelvic surgery requiring 4 weeks of pharmacological prophylaxis,
after recovery of gastrointestinal function, and in the absence of surgical complications. No data
are available either for dabigatran or in the field of urological surgery (the ARTS study is
ongoing [105]).

2. Abdominal and pelvic Surgery with intermediate risk for VTE

For major abdominal and pelvic surgery, the absence of cancer and inflammation can modulate
the estimation of VTE risk: for example, sigmoidectomy for diverticular disease away from an
inflammatory flare-up, living-donor nephrectomy, and vaginal hysterectomy for fibroids
[91,106-108]. Nevertheless, the level of evidence is low. On a case-by-case basis, a shorter
duration of thromboprophylaxis (e.g., 7 to 10 days compared to the previous 4 weeks) is
acceptable. LMWHs are usually preferred in this indication [102,109].

Furthermore, a meta-analysis suggested that low prophylactic doses of LMWH (< 3400 IU once
daily: dalteparin 2500 1U/day, enoxaparin 2000 1U/day, nadroparin 2850 IU/day) might be as
effective as SC UFH (5000 IU 2 or 3 times/day) and safer, with a reduced risk of major bleeding
(RR =0.76 [95% CI 0.63-0.92], p=0.005) [109]. These low doses of LMWH could be useful
after surgery with intermediate VTE risk if the patient has a high bleeding risk. In other
situations, standard doses of LMWH (> 3400 1U/day) remain the reference.

3. Abdominal and pelvic Surgery with low risk for VTE

They are mostly considered non-major surgeries. These include:

General Surgery: scheduled cholecystectomy, non-complex wall surgery, proctologic surgery,
appendectomy.

Urology: open surgery for benign prostatic hyperplasia, transurethral resection of the prostate
or bladder, ureteroscopy, testicular, penile, or urethral surgeries.

Gynecology: conization, surgery for Bartholin gland cyst, myomectomy, operative
hysteroscopy.

In the absence of pharmacological prophylaxis, the incidence of VTE after non-major
abdominal and pelvic surgery in an outpatient setting is low, estimated at 0.1-0.2% [22]. In
urology, the risk for symptomatic VTE is estimated at 0.3-1.0% for artificial sphincter surgery,
0.3-1.1% after urethroplasty, and 0.2% after transurethral resection of the prostate [91]. In
general surgery, the 30-day VTE risk after inguinal hernia repair in day surgery is less than
0.1% [110]. After laparoscopic cholecystectomy, the incidence of symptomatic VTE is
estimated at 0.6%; laparotomy is associated with a higher incidence of VTE compared to
laparoscopy [111]. In gynecologic surgery, procedures such as conization, Bartholin gland cyst
surgery, ovarian cystectomy, operative hysteroscopy, and myomectomy are associated with a
low postoperative VTE risk of 0.1 to 0.2% at 90 days [112]. The VTE risk increases by 35%
for each additional hour of surgery after hysterectomy for benign conditions [113]. The risk is
higher after laparotomy than after laparoscopy or vaginal approaches [112,113].

In these wvarious contexts, including emergency surgeries (e.g., cholecystectomy,
appendectomy, adnexal torsion, testicular torsion), pharmacological prophylaxis is not
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systematically required. We suggest that the prescription of thromboprophylaxis integrates
patient-related risk factors, the duration of surgery, and the occurrence of postoperative

complications. The duration of thromboprophylaxis should then be a minimum of 7 days,
LMWH being preferred [102,109].
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5. Oncologic Surgery (excluding abdominal and pelvic surgery)

Cancer is a major risk factor for VTE [114]. VTE affects approximately 2% of patients
undergoing cancer surgery and accounts for up to 50% of postoperative deaths [115-117].
However, there is significant heterogeneity in thromboprophylaxis practices after cancer
surgery [118], reflecting the limited number of interventional studies on the subject, the
variability in risks for VTE and for bleeding complications associated with cancer, and in
medical-economic considerations [119,120]. The perioperative VTE risk depends on cancer-
related factors, such as the type and stage of cancer and the treatment. It is particularly high for
patients undergoing surgery for primary cancer of the pancreas, stomach, ovary, kidney, or
brain [89]. The risk increases further in case of locally advanced or metastatic cancer, systemic
treatment (chemotherapy, immunotherapy, targeted therapies), personal history of VTE [121],
or postoperative complications (surgical site infection, reoperation) [89,122,123]. Other
oncological surgeries carry a lower risk (e.g., ear, nose and throat (ENT), breast, lung).
Minimally invasive surgical techniques and ERAS pathways may reduce VTE risk, but their
potential benefit is poorly documented. The Caprini score could be useful for selecting high-
risk patients, but the threshold values differ depending on the surgery and the study thus is
difficult to use [124-126]. A thromboprophylaxis strategy considering homogeneous patient
groups rather than using risk scores facilitates prophylaxis prescription in care units.

Breast cancer:

Breast cancer, the most frequent cancer in women, illustrates the thromboprophylaxis
discussion. The VTE risk after breast cancer surgery is low, likely due to the superficial nature
of the surgery, and is reported at less than 0.5%, mainly in the first postoperative month
[127,128]. Therefore, routine postoperative pharmacological prophylaxis is not justified [129].
However, this risk varies with the invasiveness of the cancer [130], the type of surgery
[131,132], cancer treatments [128], and patient-related risk factors, particularly age and obesity
[129,130,132]. Mastectomy is associated with more VTE than conservative surgery [131,132],
especially with immediate reconstruction [129,132]. Surgery lasting more than 3 hours
increases the risk [129], as does neoadjuvant chemotherapy in the three months preceding
surgery [128,130,131]. Tamoxifen therapy increases the risk fivefold (95% CI 2.3-12.7) [128].
In the absence of robust trials, it is suggested that simple outpatient lumpectomy, with or
without axillary lymph node dissection, does not required pharmacological prophylaxis in the
absence of high personal risk factors [129]. However, more complex surgery (mastectomy with
immediate reconstruction), surgery associated with perioperative chemotherapy (neoadjuvant
or adjuvant), or tamoxifen treatment might justify thromboprophylaxis. In the absence of
specific data on thromboprophylaxis duration, a minimum duration of 7 days is proposed. These
suggestions align with those of the American Society of Breast Surgeons [129].

Head and Neck Cancer Surgery:

Thromboprophylaxis after head and neck cancer surgery has been scarcely studied and depends
on the type of surgery [133-135]. Some authors suggest a low postoperative VTE incidence
(0.5%), while others highlight the risk of both VTE and bleeding, increased during major
reconstruction and flap placement [134,135]. The Caprini score, heavily dependent on the type
of surgery performed, has been proposed to distinguish low-risk (0.5%; score <7) from high-
risk (2.2%; score >7) patients [135], and to propose pharmacological prophylaxis for high-risk
patients and those undergoing major surgery if the bleeding risk is not prohibitive.
Thromboprophylaxis does not seem to reduce the risk of graft thrombosis or necrosis. In
summary, it is proposed that most outpatient surgeries for head and neck cancer be performed
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without pharmacological prophylaxis and that prophylaxis be prescribed for the duration of
hospitalization if applicable. Conversely, if the bleeding risk is acceptable, pharmacological
prophylaxis is indicated after major surgery with reconstruction or flap placement. In the
absence of specific data on thromboprophylaxis duration, a minimum duration of 7 days is
proposed.

Thoracic Surgery:

The benefits of thromboprophylaxis in thoracic surgery have been poorly evaluated. After
surgical resection with a lobectomy or pneumonectomy for lung cancer, the incidence of VTE
at one month is high, between 2 and 5%, despite prophylaxis; one-third occurs after
hospitalization; the risk persists after hospital discharge and in the three months following
surgery, and VTE increases mortality by a factor of 8 [136]. While pharmacological prophylaxis
IS recommended, its optimal duration has not been evaluated. Some international guidelines
[136,137] suggest continuing it for up to a month by analogy with major abdominal and pelvic
surgery, but no study has compared short versus prolonged prophylaxis. A randomized trial
compared LMWH prophylaxis to placebo in the 30 days following pulmonary resection for
cancer, with systematic CT angiography and lower limb venous ultrasound at 30 days. The
small number of patients included (n=103) did not allow for conclusive results, but no increased
bleeding risk was associated with LMWH [138]. Regarding mechanical means, a small non-
randomized study did not find any reduction in VTE in the group wearing pneumatic
compression compared to the group without compression, suggesting it should not be used
routinely [139]. DOACs have not been evaluated in this surgery.
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6. Vascular surgery

For aortic surgery the laparoscopic approach does not appear to change the incidence of DVT.
After endovascular repair of an aortic aneurysm, the reported incidence of DVT is 6%,
indicating a high risk for VTE. The incidence of VTE after thoracic aortic surgery or carotid
surgery is unknown [140]. Most series of carotid surgery do not report the prescription of
postoperative anticoagulant prophylaxis. After peripheral vascular surgery, VTE incidence
ranges from 1.8% (ultrasound) to 28% (venography). In the meta-analysis by Haykal et al.,
pharmacological prophylaxis was associated with a non-significant reduction in the risk for
DVT and PE [141].

Following the results of the Voyager PAD trial [142], rivaroxaban at a dose of 2.5 mg twice
daily, combined with 100 mg of aspirin daily, received approval for postoperative use after
lower limb arterial vascular surgery (open or endovascular below the inguinal ligament) to
prevent major cardiac events (death, myocardial infarction, stroke) and major limb vascular
events (amputation, acute ischemia, surgical re-intervention). This regimen is initiated within
10 days postoperatively (with or without clopidogrel for the first month). However, if
postoperative venous thromboprophylaxis with LMWH is prescribed, the protocol calls for
delaying the introduction of rivaroxaban until the LMWH is discontinued (day 5-10) [143].

Data on CPI are scarce. It is generally advised against using CPI in the perioperative setting of
lower limb arterial revascularization surgery as it might impair arterial perfusion. However, it
has been suggested that CPI could be beneficial in critical limb ischemia, but this has not been
evaluated perioperatively [144].

After varicose vein surgery, data on venous thromboembolic complications are primarily
observational, heterogeneous, and have significant bias risks. Without pharmacological
thromboprophylaxis, the incidence of DVT diagnosed by CUS after open surgery is
approximately 5% [145], while the incidence of clinical DVT after endovascular treatment is
about 2% [146]. No randomized trial has evaluated the effect of pharmacological prophylaxis
after endovascular treatment, but observational data suggest a reduced risk for DVT, associated
with prophylaxis duration from 1 to 14 days [146]. A randomized trial in open surgery,
excluding high thrombotic risk patients, reported a significant reduction in DVTs after a short
three-day pharmacological prophylaxis without a significant increase in bleeding risk [147].

For thermal endovascular procedures, such as laser treatment of varicose veins, a Swiss
prospective registry reports a very low rate of venous thromboembolism (VTE) (<1%),
regardless of whether patients received thromboprophylaxis [148]. A systematic review of 221
studies (randomized, prospective, or retrospective cohorts) reports a reduction in DVTs with
pharmacological prophylaxis (0.52%) compared to mechanical prevention alone (2.26%),
without reduction in PE (0.45% vs. 0.23%). However, the individual VTE risk assessment was
very heterogeneous across studies. Better risk stratification is needed to evaluate benefit-risk
ratio of thromboprophylaxis and select patients at high venous thromboembolic risk requiring
postoperative thromboprophylaxis [143,146].
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7. Timing of pharmacological venous thromboprophylaxis initiation

The optimal timing for initiating pharmacological prophylaxis reduces the risk for VTE without
unacceptably increasing the bleeding risk. It must integrate the asynchronous nature of these
two risks and their therapeutic and prognostic consequences:

- Bleeding events have a more significant impact on vital and functional prognosis compared
to VTE [140].

- The risk of bleeding appears to be earlier than the thromboembolic risk: reported bleeding
events occur within the first 24 to 48 hours postoperatively, whereas VTE occurs beyond 48
hours in orthopedic and abdominal and pelvic surgery and up to several weeks after surgery
[4,149-151]. However, registries also suggest that the thromboembolic risk could be earlier,
particularly in the presence of VTE risk factors [4].

- The management of postoperative VTE has greatly simplified in recent years with a facilitated
diagnostic strategy (clinical score / angio-CT / ultrasound) that avoids detrimental diagnostic
delays; very early mobilization recommended in the case of DVT and/or PE; and the possibility
of outpatient management or after a short hospitalization, which allows the ERAS pathway to
remain uncompromised; a simplified treatment with direct oral anticoagulants (DOACS); and a
short recommended duration of anticoagulant treatment after surgery-provoked DVT/PE, from
3 to 6 months maximum [152].

Therefore, delaying the initiation of thromboprophylaxis may reduce the bleeding risk while
maintaining relative antithrombotic efficacy. Additionally, a first administration the day after
surgery (between 12 to 24 hours postoperatively) would help standardize care schedules for all
patients in the same surgical unit, optimize care organization, and avoid potential misuse.

7.1. Pre- or postoperative initiation of pharmacological prophylaxis?

In abdominal and pelvic surgery, several studies conclude that preoperative administration
increases the risk of bleeding but not efficacy [153,154]. A meta-analysis of 22 randomized
trials, including 11 in abdominal and cardiothoracic surgery, showed that initiating
thromboprophylaxis beyond the 8™ and up to the 24™" postoperative hour is as effective and safe
as preoperative administration [155]. Preoperative administration of the first dose is associated
with a significant increase in non-major bleeding events compared to postoperative
administration, without a significant increase in major bleeding events. It is also associated with
a non-significant reduction in VTE, mainly asymptomatic VTE (but only 10 out of 114 VTES
were symptomatic). The scope of this meta-analysis was limited by the heterogeneity of the
studies, which evaluated different antithrombotics, different preoperative timings, different
surgical procedures and techniques, and different anesthesia techniques.

In orthopedic surgery, a systematic review showed that LMWH injected preoperatively or in
the early postoperative period (before the 4th hour) increase the risk of bleeding but not efficacy
[156]. A randomized trial involving 210 patients showed that delaying administration until the
day after surgery significantly reduced the bleeding risk without increasing the risk for VTE
[157]. Similar data were observed for bleeding risk from subgroups of two randomized trials
where LMWH were administered either preoperatively or at the 18" postoperative hour [46].
However, in this analysis, there was an increase in the risk for major VTE (symptomatic
DVT/PE and proximal phlebographic DVT) with administration delayed to the 18" hour.
Overall, in elective surgery, the clinical benefit of preoperative administration is not
demonstrated, and the bleeding risk leads to the first dose of thromboprophylaxis being
administered postoperatively.

However, certain preoperative medical conditions expose patients to a higher risk for VTE (e.g.,
acute illness such as sepsis or recent respiratory or cardiac decompensation). Similarly, delaying
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urgent surgical indications can increase the risk for VTE (due to mobility restrictions related to
bed rest, dehydration, etc.). Hip fracture is an example where patient-related risk factors and
delayed surgical management significantly increase the incidence of VTE (see dedicated
section). In such situations, pharmacological prophylaxis should be initiated preoperatively,
preferably with LMWH, for their ease of use. The last prophylactic dose of LMWH should be
administered at least 12 hours before surgery.

7.2. Time interval from surgery to postoperative pharmacological prophylaxis

The timing between the end of surgery and the first thromboprophylaxis dose has been primarily
evaluated in major orthopedic surgery. There is an inverse relationship between the delay in the
first dose and major bleeding after THA, TKA, and hip fracture surgery [68]. A randomized
trial including 210 TKA patients showed that delaying LMWH administration to 24 hours post-
surgery reduced blood loss, transfusions, and major bleeding without increasing DVT [157].
For fondaparinux, a meta-regression of orthopedic trials showed that delaying the first dose to
3to 9 hours post-surgery reduced bleeding risk but not efficacy [68]. A randomized trial found
that administering fondaparinux 12 to 24 hours post-surgery was as effective and safer than 8
to 10 hours post-surgery [158].

The development of rivaroxaban was initially based on a first dose between 6 and 8 hours after
surgery, showing reduced VTE risk compared to LMWHSs but increased bleeding risk [51]. In
later trials rivaroxaban was initiated 6 to 24 hours after surgery [6,78]. Although no direct
randomized comparison exists between these regimens, a non-exhaustive registry suggests that
efficacy is maintained with delayed administration but does not reduce bleeding risk [159].
For apixaban, the development program was based on a first dose between 12 and 24 hours
after surgery, typically around 19 hours, resulting in same efficacy and safety as LMWH after
major orthopedic surgery [160].

In conclusion, administering the first dose on the day of surgery (6 to 12 hours postoperatively)
or the day after surgery (12 to 24 hours postoperatively) is feasible with LMWH. The choice
between these timings may depend on the patient-related VTE risk, with earlier timing for high-
risk patients and later timing for those without significant risk factors.

For other anti-Xa anticoagulants, administering on the day of surgery appears to increase
bleeding risk (fondaparinux and rivaroxaban) or has not been evaluated (apixaban), leading to
a preference for administration the day after surgery. The administration of tranexamic acid
does not alter this schedule.
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8. Intermittent pneumatic compression

The efficacy of IPC is well established: the randomized CLOTS3 trial demonstrated that IPC
was effective in preventing proximal DVT after an ischemic stroke [161]. Postoperatively, a
meta-analysis of 5 randomized trials concluded that IPC was effective for VTE prevention after
major abdominal and pelvic surgery, without increasing the risk of bleeding [162]. Two
randomized trials also showed the benefit of intraoperative IPC: when used intraoperatively
during neurosurgery for intracranial tumors, IPC reduced postoperative VTE [163]. Similarly,
during intraoperative minimally invasive surgery for lung cancer, IPC alone (without
postoperative anticoagulant) reduced the incidence of asymptomatic distal DVT compared to
the group without IPC [164].

However, IPC is not more effective for VTE prevention than other preventive methods used
alone, notably heparins [162].

The combination of IPC with pharmacological prophylaxis is more effective than IPC alone: a
randomized trial showed that after gastrectomy, IPC alone was associated with a higher
incidence of VTE compared to the combination of IPC and LMWH [165]. The combination of
IPC with pharmacological prophylaxis also appears to be superior to pharmacological
prophylaxis alone for VTE prevention, as suggested by two meta-analyses of randomized trials
[166,167], with one also finding a benefit for PE prevention [167]. However, the level of
evidence is low, with a high risk of bias and significant heterogeneity among the studies,
particularly regarding types of surgery and levels of VTE risk. In patients at high risk for VTE,
defined by a Caprini score of 11 or higher, IPC combined with 4000 1U enoxaparin was more
effective than enoxaparin alone in preventing VTE after major surgery, primarily abdominal
and pelvic surgery [168]. Similarly, in orthopedic surgery, an open randomized trial including
1800 patients showed that the combination of IPC and LMWH was superior to LMWH alone
in preventing DVT during hospitalization [169]. The benefit of the combination is also reported
with DOAC, as the addition of IPC to 10 mg rivaroxaban reduced DVT after TKA compared
to DOAC alone [170]. The low level of evidence leads to the recommendation of combining
IPC with pharmacological prophylaxis only for patients at very high risk for VTE (notably, the
combination of a major patient-related VTE risk factor and surgery with a high VTE risk).

In Intensive Care, a meta-analysis of 4 randomized trials concluded that IPC reduced VTE
compared to no prophylaxis, but there was no difference in efficacy between IPC and LMWH,
even though LMWH was associated with more bleeding complications [171]. Additionally,
combining IPC with LMWH did not provide a benefit compared to LMWH alone, confirming
the results of a randomized trial that included 2000 ICU patients and showed that the addition
of IPC to heparin prophylaxis (LMWH or UFH) did not reduce proximal DVT [172].

Regarding the equipment, no well-conducted study allows for one type of IPC device preference
over another. One of the meta-analyses suggests that foot-level IPC is less effective than calf
and/or thigh-level IPC [166]. IPC is contraindicated in the presence of skin lesions, as it can
exacerbate them [161]. Most importantly, the use of IPC should not delay the resumption of
ambulation.
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9. Graduated compression stockings (GCS)

A meta-analysis of 20 studies involving 2853 patients comparing GCS (socks, stockings, tights)
to a control group suggested a possible effect of GCS on the perioperative risk for PE (OR 0.38,
95% CI 0.15-0.96). However, 11 of the 20 studies in this meta-analysis also used
pharmacological prophylaxis, and 12 were of insufficient methodological quality [173].
Conversely, the British NICE guidelines reported a network meta-analysis that showed that
GCS did not reduce the risk for perioperative VTE compared to a control group and was less
effective than all other prophylactic methods (pharmacological and IPC) [174].

Furthermore, the randomized GAPS trial evaluated the addition of GCS in 1858 surgical
patients receiving pharmacological prophylaxis with LMWH. The addition of GCS provided
no benefit [175]. These findings were confirmed by the analysis of a medico-economic registry
including 24,273 patients from 2006 to 2016. After propensity score matching, the comparison
of LMWH + GCS versus LMWH alone showed a relative risk of 0.999 (95% C1 0.998-1.000),
confirming the lack of efficacy of GCS in the perioperative setting when pharmacological
prophylaxis is prescribed [176]. A meta-analysis confirmed that the addition of GCS to
pharmacological prophylaxis did not reduce the risk for postoperative VTE but increased skin
lesions and costs [177].

A literature review summarized the data concerning the usefulness of GCS in the management
of symptomatic venous insufficiency and post-thrombotic syndrome. It suggested that the only
indication for GCS would be in patients with significant venous insufficiency, i.e., patients
wearing GCS long-term [178]. However, there are no specific perioperative data concerning
this patient population.
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10. Inferior vena cava (I\VC) filter

Primary thromboprophylaxis

The data regarding the use of IVC filters for primary prevention of VTE are limited and mainly
concern two populations: patients undergoing bariatric surgery and trauma patients [179,180].
The evidence does not support the preventive use of IVC filters. In bariatric surgery, a
systematic review of non-randomized studies on the preventive use of IVVC filters showed no
significant difference in the incidence of VTE between the filter group and the placebo group
[180]. In trauma patients, while several observational studies suggest a potential benefit of
filters, a meta-analysis of randomized trials including trauma patients concluded that preventive
IVC filter did not reduce the incidence of PE [179]. There is no well-designed study to draw
conclusions for patients with complex pelvic trauma, which induces frequent pelvic thrombosis.
In summary, for primary thromboprophylaxis, the lack of established benefit and the risks and
costs associated with 1\VC filter placement discourage their perioperative use. However, if an
IVC filter is placed, its removal should be anticipated and planned after the period of high VTE
risk.

Secondary thromboprophylaxis

The role of IVC filters in patients with recent proximal DVT of the lower limbs or PE was
addressed in French recommendations in 2019 [181]. IVC filter is proposed before high
bleeding risk surgery that must be performed less than one month after proximal DVT or PE.
IVC filter is also discussed before high bleeding risk surgery that must be performed from one
to three months after proximal DVT or PE if therapeutic anticoagulation cannot be resumed
before the 72nd postoperative hour because of an unacceptable post-operative bleeding risk.
However, the benefit of preoperative placement of an I\VVC filter for secondary prevention of
VTE has been minimally evaluated. A study using administrative data of 33 740 patients who
underwent I\VVC filter for DVT associated with cancer found that a filter was placed in 38% of
patients due to associated bleeding risk [182]. In 80% of cases, the IVC filter placement
procedures occurred within 30 days of initial DVT diagnosis. Despite higher overall mortality
in patients with a filter, filter placement was associated with increased survival without PE
compared to those without a filter. The authors concluded that filters might offer benefits in the
first month following diagnosis when anticoagulants are contraindicated. In a series of 247
patients with cancer-associated VTE and a contraindication to anticoagulation (mainly bleeding
but also recent surgery for 24% of patients), the placement of an IVVC filter within 14 days of
VTE diagnosis was associated with a lower risk of death from PE but a higher risk of VTE
recurrence compared to a matched cohort without a filter [183].

Filter placement is associated with procedural complications (vascular perforation,
hemorrhage) and risks related to filter retrieval. Long-term maintenance of a filter also increases
VTE risk, as demonstrated by the PREPIC 1 trial [184]: 400 patients with DVT were
randomized to receive either standard anticoagulation alone or anticoagulation associated with
a permanent I\VC filter. Filter placement reduced the incidence of PE but increased the long-
term incidence of DVT recurrence, particularly thromboses of the inferior vena cava above the
filter. In another trial, PREPIC 2, where filters were systematically removed at 3 months, this
increase in VTE recurrence was not observed [185], supporting the systematic removal of
retrievable filters. Additionally, a retrospective analysis of 111 patients with a prophylactic
preoperative 1VC filter inserted before abdominal surgery suggested that non-removal of the
filter increased the thrombosis risk [186]. It is thus recommended to remove the filter after the
high-risk thrombotic period, ideally at least one month post-bariatric surgery or severe trauma.
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In summary, for secondary prevention, the risk for VTE associated with prolonged filter
maintenance leads to prefer retrievable I\VVC filters, with planned removal within the first few
weeks once the bleeding risk is controlled. Maximum implantation durations vary by
manufacturer, but retrieval becomes more challenging the longer the filter remains in place.
The use of predefined algorithms can improve the retrieval rate [187].
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11. Renal impairment

Renal function must be considered to prescribe thromboprophylaxis, as chronic kidney disease
is a risk factor for thrombotic and bleeding events, both generally and in the perioperative
context [188-191]. Additionally, most anticoagulants are eliminated by the Kkidneys.
Anticoagulants have been developed using the Cockcroft-Gault formula to assess renal
function. Therefore, dosage and regimen adjustments for severe and end-stage renal impairment
are based on the glomerular filtration rate (GFR) estimated on the Cockcroft-Gault equation,
even though the recommendations from the French National Authority for Health and the
francophone Society of Nephrology, Dialysis and Transplantation advocate using the CKD-EPI
Equation.

Severe Renal impairment

Until 2017, LMWHSs were contraindicated in cases of severe renal impairment (estimated GFR
<30 ml/min/1.73 m?), and UFH was the standard drug. Following the European labelling
harmonization of LMWH by the European Medicines Agency, it is now possible to prescribe
LMWH in cases of severe renal impairment according to the dosage regimens indicated in the
marketing authorization. However, the data supporting these modifications are limited. In the
absence of severe renal impairment, the reduced dose of 2000 U enoxaparin is less effective
for VTE prevention than the standard dose [192,193]. However, pharmacokinetic data suggest
that in cases of eGFR <30 mL/min, this reduced dose leads to anticoagulation levels comparable
to those obtained with standard prophylaxis regimens in the absence of severe renal impairment
[194,195]. A meta-analysis of randomized trials comparing LMWH and UFH in general surgery
concluded that bleeding complications were more frequent with UFH than with low-dose
LMWH (<3400 IU anti-Xa) outside of CKD [109]. Moreover, the bleeding risk associated with
prophylaxis increases in severe renal impairment, whether with LMWH or UFH, with some
studies reporting a higher risk with UFH [196]. A subgroup analysis of the PROTECT trial
conducted in critical care did not show an increase in bleeding complications with 5000 1U of
dalteparin once daily compared to 5000 1U of UFH twice daily in patients with severe renal
impairment, or even in dialysis patients [197]. The absence of UFH accumulation in cases of
severe renal impairment remains to be demonstrated. Finally, heparin-induced
thrombocytopenia (HIT) risk is higher with UFH than with LMWH [198]. These data and the
number of daily injections lead to prefer LMWH.

Non-heparin anticoagulants are partially or totally eliminated by the kidney. In cases of severe
renal impairment, their use for postoperative prophylaxis must be considered carefully and
according to their marketing authorization:

o Dabigatran is used at a reduced dose of 150 mg once daily instead of 220 mg once daily
when the eGFR is between 30 and 50 mL/min/1.73 m? and is contraindicated when the
eGFR is < 30 mL/min/1.73 m2.

e Apixaban and rivaroxaban do not require dosage adjustment when the eGFR is between
15 and 30 mL/min/1.73 m2 However, published data are very limited in the
perioperative period. They are contraindicated when the eGFR is < 15 mL/min/1.73 m?,

« Fondaparinux 2.5 mg/day is contraindicated when the eGFR is < 50 mL/min/1.73 m?
(fondaparinux 1.5 mg is not available in France).

The elimination half-life of DOAC is longer than that of LMWH, and the absence of a specific
antidote for apixaban and rivaroxaban makes their perioperative management complex in this
situation.

End-Stage kidney Disease

41



In cases of end-stage kidney disease (eGFR <15 ml/min/1.73 m?), UFH should be used at a
dosage of 5000 IU twice daily subcutaneously since LMWH and DOAC are contraindicated, in
accordance with the Summary of Product Characteristics (SmPC) [194,195]. The dose of 5000
IU three times daily has not shown superiority over the dose of 5000 U twice daily [199,200].

Aspirin has not been evaluated compared to heparin in patients with severe renal impairment.

Moreover, renal impairment is a thrombotic risk factor, leading to a preference for anticoagulant
prophylaxis.
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12. Obesity and extreme weights

These recommendations are mainly based on data regarding bariatric surgery and a low level
of evidence.

Two distinct issues come together: obesity and weight. Obesity is a patient-related VTE risk
factor, leading to discuss perioperative pharmacological prophylaxis. High weight, in a tall
individual without obesity, does not correlate with an increased VTE risk but raises concerns
about anticoagulant dosing when indicated. While the fixed dose of LMWH covers a wide
weight range (45-100 kg), for extreme weights, doses are adjusted to achieve comparable
anticoagulation levels to standard weights with standard doses. Thus, BMI rather than weight
is used to discuss prophylaxis regimens for obese patients.

Obesity increases the risk for perioperative DVT and PE [22,201-203]. This increased VTE
risk is observed across various surgical procedures, irrespective of specialty [202,203], whether
in elective or emergency surgery, conventional hospitalization or outpatient settings [22,203].
The risk increases continuously with the BMI [201][1]. However, a BMI value of 40 kg/m? is
often cited as the threshold associated with a significant increase in risk [22,202].

In bariatric surgery, the perioperative VTE risk has decreased with surgical technique
improvement, reduced operative times and hospital stays, and the development of ERAS
pathway. However, PE remains one of the leading causes of death following bariatric surgery
[204], and the incidence of symptomatic VTE in recent studies is 0.5-1.5% despite
pharmacological prophylaxis [205-207]. While VTE are less frequent after bariatric surgery
than bleeding complications, they appear to be more fatal [208] The presence of other risk
factors increases the VTE risk, particularly a personal history of VTE, age, and male sex
[209,210]. Surgical risk factors include revision surgery and, most notably, surgical
complications [210]. Compared to laparoscopic bariatric procedures, open laparotomy
procedures are associated with an increased VTE risk [210], whereas robot-assisted techniques
do not appear to reduce this risk [211].

Pharmacological prophylaxis after bariatric surgery is associated with a reduced VTE risk
[210,212,213]. LMWH is favored over UFH in studies, though this preference is based on a
low level of evidence. In a non-randomized prospective study, anti-Xa levels in patients on
enoxaparin after bariatric surgery were more often within the target range than those in patients
on UFH [214]. However, there was no observed difference in VTE or major bleeding. A registry
study concluded that patients receiving LMWH prophylaxis had a lower incidence of VTE than
those receiving UFH prophylaxis, without an increase in bleeding [215]. Additionally, UFH is
associated with a higher incidence of HIT than LMWH [198].

The proposal to adjust LMWH dosages based on BMI or weight also relies on studies with a
low level of evidence [215-220]:

- LMWH anti-Xa level measurement allows for the evaluation of plasma concentration and the
comparison with expected values. It decreases as BMI and weight increase and increases with
higher LMWH doses. However, the target prophylactic level is unknown, and the correlation
with VTE occurrence is not established, suggesting that anti-Xa levels should not be monitored
nor dosage-adjusted based on this level.

- Increasing LMWH doses appears to reduce VTE risk but raises concerns about the associated
bleeding risk. A retrospective study (mean BMI of 50 kg/m?) suggested that the incidence of
VTE was reduced with the 4000 1U twice daily regimen compared to the 3000 1U twice daily
regimen, without an increased bleeding risk [221]. Another retrospective study including
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hospitalized patients over 100 kg reported that changing the dose from 4000 IU once daily to
4000 IU twice daily was associated with a reduction in VTE in patients with a BMI >40 kg/m?,
also without an increased bleeding risk [222]. However, no well-conducted randomized trial
has determined the optimal dosages [223,224].

- The enoxaparin 4000 IU twice daily regimen appears suitable for weights up to 150 kg [225].
Beyond 150 kg, a regimen of 6000 U twice daily may be necessary.

- A higher LMWH dose (e.g., enoxaparin 6000 IU once daily SC) has also been proposed for
weights over 100 kg [226,227], but the bleeding risk is not well evaluated.

- The choice of prophylaxis regimen should consider the available anticoagulant formulations
that may not be appropriate (risk of dosing errors).

Enoxaparin 4000 1U twice daily is the most described LMWH regimen. However, prescribing
dalteparin 5000 IU twice daily and tinzaparin 75 1U/kg are possible options [223]. Only
tinzaparin has in its labeling the option to adjust the dose according to actual weight as an
alternative to the fixed-dose for patients with extreme weights [228,229]. The anticoagulant
level reached with the recommended dose in the labeling of 50 1U/kg was evaluated in a recent
study in obese medical patients (median weight 125 kg, median BMI 41.9 kg/m?). The median
anti-Xa level was 0.25 IU/mL, and the target anti-Xa level of 0.2 to 0.4 IU/mL was achieved in
80/121 plasma samples (66.1%), with 39 samples (32.2%) below the target range [230]. In
another study of obese subjects (101-165 kg, mean weight 129.6 kg, mean BMI 43) receiving
an injection of 75 1U/kg tinzaparin, the mean anti-Xa level was 0.34 IU/mL (95% C1 0.30-0.38)
[231]. Tseng et al. studied the efficacy of a tinzaparin dose of 75 IU/kg adjusted to actual
weight, rounded to the nearest prefilled syringe dose, resulting in a dose of 4500 U for weights
below 110 kg, 10,000 1U for weights between 110 and 159 kg, and 14,000 IU for weights above
160 kg. This strategy proved safe, with a low frequency of VTE and bleeding [207].

Fondaparinux, administered 6 hours postoperatively at a dose of 5 mg once daily, was compared
to 4000 IU twice daily enoxaparin in a randomized trial after bariatric surgery (mean BMI of
45 kg/m?): the incidences of thrombotic and bleeding complications were not different;
however, fondaparinux was more often within the target anti-Xa levels [232].

DOACs are generally not recommended in the early post-bariatric surgery period due to
absorption issues, which makes their effectiveness uncertain [233].

In bariatric surgery, the preoperative initiation of pharmacological prophylaxis has been
considered. In a small randomized trial, preoperative initiation of prophylaxis was associated
with an increase in bleeding events compared to postoperative initiation, although it did reduce
the incidence of asymptomatic VTEs [212]. An analysis of a database also showed that
preoperative thromboprophylaxis was associated with more transfusions without a reduction in
DVT [213]. Given the uncertain benefit-risk ratio of this strategy and by analogy with other
surgeries where the benefit of preoperative initiation is not demonstrated [155], it is proposed
to start pharmacological prophylaxis postoperatively.

The duration of thromboprophylaxis after bariatric surgery has not been formally evaluated. In
2011, the SFAR recommended a minimum prophylaxis duration of 10 days. The ESA
recommends a prophylaxis duration of 10 to 15 days. While the development of ERAS might
suggest shortening the duration of prophylaxis, a cohort study conducted between 2003 and
2007 concluded that prophylaxis limited to hospitalization resulted in more VTE than a 10-day
prophylaxis [234].
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In non-bariatric surgery for obese patients, data are scarce. The analysis of a multicenter
database including over 9000 hospitalized patients weighing more than 100 kg showed that
enhanced prophylaxis (enoxaparin 4000 IU twice daily or UFH 7500 IU SC thrice daily) was
associated with a halving of the VTE risk compared to standard prophylaxis (enoxaparin 4000
IU once daily or UFH 5000 1U SC twice or thrice daily) in patients with a BMI >40 kg/m? but
not in patients with a BMI <40 kg/m?2 [222]. Regarding DOAC, in situations where their use is
proposed (e.g., lower limb orthopedic surgery), the pharmacokinetics of direct anti-Xa DOAC
(apixaban and rivaroxaban) are minimally altered and can be used at usual dosages. The lack
of robust data on dabigatran precludes its recommendation. There is very limited experience
for BMI >50 kg/m2 or weight >150 kg, and the use of DOAC in this population should only be
considered after a careful evaluation of the benefit-risk balance [223,233].

The role of IPC in obese patients is poorly documented. Given that obesity is a VTE risk factor,
and by analogy with high thrombotic risk situations (see dedicated section), it is proposed to
combine IPC with pharmacological prophylaxis in morbidly obese patients (BMI > 40 kg/m?)
undergoing major surgery. The duration of this combination is not defined, but the use of IPC
should not delay the resumption of ambulation. GCS are not indicated (see dedicated section).

For patients weighing between 100 and 150 kg who are not obese but are tall, the prophylaxis
regimen is not established: increasing LMWH doses could maintain an anticoagulation level
similar to standard-weight patients, but the clinical benefit of this increase is not documented.

In patients with low body weight, it is proposed that doses be reduced to prevent accumulation
and bleeding risks. After two injections of enoxaparin 4000 U, weight <45 kg was strongly
associated with a peak anti-Xa level > 0.5 lU/mL [235], potentially justifying a reduced LMWH
dosage (e.g., 2000 IU with enoxaparin) [236,237]. The SmPC for nadroparin suggests dose
reduction starting at 50 kg. The SmPC for tinzaparin proposes reducing the dose to 50 1U/kg in
very low-weight patients. The SmPC for dalteparin indicates limited experience in patients
weighing less than 40 kg. The SmPC for fondaparinux warns of an increased bleeding risk for
weights <50 kg, leading to the recommendation against its use in lower weights.

For DOACs, the SmPC for apixaban and rivaroxaban state that no dosage adjustment is
necessary for low body weight. The SmPC for dabigatran notes that available data are limited.
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13. Pediatric surgery

The incidence of VTE in the perioperative period is lower in the pediatric population than in
adults [238]. This is likely due to differences in the hemostatic balance in children and the
absence of acquired VTE risk factors or those related to certain pathologies and/or treatments
[239,240]. The increased VTE risk during adolescence is correlated with the maturation of the
hemostatic system, which becomes similar to that of adults [241]. Numerous observational
studies report an increased VTE risk around the age of 14, generally corresponding to puberty
[242,243]. Other risk factors that increase the incidence of VTE in children and adolescents are
quite classic, though inconsistently reported in studies (neoplasia, estrogen treatment,
inflammatory diseases, obesity, severe dehydration, trauma, congenital thrombophilia,
smoking, surgery duration, intensive care unit admission, etc.) [240].

Moreover, the bleeding risk associated with anticoagulation (prophylactic or therapeutic) in
children is significant: between 0.4% and 3% for major bleeding, and up to 21% for minor
bleeding [244].

Several similar thrombotic risk assessment models have been published [245-249]. All these
models consider the child's age (> 13 or 14 years) and VTE risk factors commonly found in
adults. When the number of VTE risk factors is low (low to moderate VTE risk), non-
pharmacological prevention methods are generally used: hydration, early ambulation, and
possibly IPC (if size and weight are appropriate). When the number of risk factors is high (at
least 4 to 6, according to the studies), pharmacological prophylaxis is used, most often with
LMWH at preventive doses. For children under 40 kg around puberty or the age of 14 years,
the dosage regimens for LMWH have not been evaluated. The proposed regimens usually
include 50 IU/kg/day of enoxaparin administered in one or two daily injections and 50 1U/kg
of tinzaparin in a single injection [249].

By mid-2024, DOACSs do not have marketing authorization for primary prevention in pediatrics,
and the published data are scarce.
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14. Patients in intensive care unit

Outside of intensive care units (ICU), venous thromboprophylaxis is recommended for patients
with acute medical conditions resulting in reduced mobility or those undergoing major surgical
interventions. Intensive care combines the most severe forms of these two situations, with a
60% increased risk for VTE, corresponding to a VTE incidence of 10-20% without prophylaxis
[250,251].

Pharmacological prophylaxis is recommended as first-line therapy. In ICU, only UFH and
LMWH are easily usable and have been evaluated in randomized trials. The longer half-life
and/or absence of specific antagonists make the use of DOAC and fondaparinux less practical.
In a meta-analysis of 5 studies comparing LMWH and UFH in ICU [250], the use of LMWH
was associated with fewer VTE without an increased risk of bleeding (Table 1). This meta-
analysis also confirmed the lower risk of HIT with LMWH. Therefore, LMWH has a more
favorable benefit-risk profile than UFH in ICU.

Table 1: Network Meta-analysis comparing LMWH and UFH for thromboprophylaxis in ICU

[250][2].
Events Number of studies Number of patients Odds-ratio (1C95%)
DVT 6 5645 0,78 (0.65 — 0.95)
PE 3 4447 0.67 (0.36 — 1.22)
Major bleeding 4 1002 1.71 (0.49 — 5.95)
HIT 3 4447 0.38 (0.15 —0.98)
Mortality 2 1408 0.90 (0.68 — 1.18)

LMWHs are eliminated by the kidney (see dedicated section); thus, their use in severe renal
impairment (eGFR between 15 and 30 mL/min/1.73 m?) carries a risk of accumulation.
Dalteparin, along with tinzaparin, is one of the LMWH with the highest molecular weight, its
elimination is less influenced by renal function. A subgroup analysis of the PROTECT study,
which compared dalteparin and UFH for thromboprophylaxis in ICU patients (Table 2), did not
observe an increased bleeding risk with dalteparin treatment in patients with an eGFR < 30
mL/min/1.73 m2 [197]. The use of LMWH in cases of severe renal impairment aligns with
recent modifications to their marketing authorization and requires adjustments to dosing
regimens (see dedicated section). In all cases, end-stage kidney disease remains a
contraindication for LMWH, requiring the use of UFH.

Table 2: Results of the subgroup analysis of the PROTECT study comparing dalteparin and
UFH for thromboprophylaxis in ICU, according to renal function

Dalteparin | UFH | Hazard Ratio (1C85%)
Severe Renal | VTE 10.0 % 6.4 % 1.87 (0.96 — 3.63)
impairment Major bleeding 8.9 % 11.0 % 0.89 (0.51 -1.53)
(n=590)

Standard doses of LMWH used in medical or surgical settings may be ineffective in the ICU
for the most severe, most inflammatory patients, or in cases of obesity [252][4]. Higher dosing
regimens have been proposed in ICU, adjusted for body weight or BMI. The COVID pandemic
allowed for the evaluation of these higher doses [253]. Recommendations from the GIHP
supported this approach without increased bleeding risk [254,255], but they did not demonstrate
clinical superiority over standard dosing regimens [249,253,256]. Monitoring of anti-Xa level
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to adjust LMWH doses is often discussed; however, this strategy has not yet shown its clinical
benefit [257].

Regarding mechanical prophylaxis, GCS have not shown efficacy in ICU and can cause skin
lesions [258]. Therefore, it is no longer indicated in this setting. Few studies have evaluated the
use of IPC, and a meta-analysis shows that IPC use in ICU reduces the risk of VTE compared
to patients without thromboprophylaxis (Table 3) [171]. IPC should be proposed when
pharmacological prophylaxis cannot be prescribed due to a high bleeding risk. On the other
hand, adding IPC to pharmacological prophylaxis has not shown additional benefit compared
to pharmacological prophylaxis alone [171]. This strategy might be reserved for patients at very
high VTE risk: severely injured patients or major cancer surgery [168,259,260].

Table 3: Results of a meta-analysis of studies evaluating IPC in ICU [12]

Events n studies / n patients Risk ratio (1C95%)
IPC vs. control VTE 4/1120 0.35 (0.18 -0.68)
' PE 21402 0.17 (0.06-0.50)
IPC + heparin VTE 412777 0.55 (0.24-1.27)
vs. Heparin alone PE 3/2661 0.72 (0.31-1.69)
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15. Tranexamic acid and regimens of perioperative venous thromboprophylaxis

The administration of tranexamic acid (TXA) to reduce bleeding and transfusion requirements
is supported by high-level evidence in high-bleeding risk surgery and trauma [261-268]. TXA
does not increase the risk for perioperative VTE: randomized trials [261,263-268] and meta-
analyses [262,269] have shown that TXA does not increase the incidence of VTE after general,
orthopedic, or cardiac surgery, vaginal or cesarean delivery, postpartum hemorrhage, severe
trauma, or traumatic brain injury. Double-blind randomization ensured that pharmacological
prophylaxis protocols (indication, drug choice, initiation timing, duration) were not altered by
TXA [261,263-268]. Furthermore, when the initiation of thromboprophylaxis with DOAC is
delayed until the day after major orthopedic surgery, TXA administration does not increase the
frequency of VTE [262]. When TXA is prescribed for congenital bleeding disorders such as
hemophilia or platelet dysfunction, the indication for venous thromboprophylaxis is discussed
on a case-by-case basis.

16. Laboratory testing during venous pharmacological prophylaxis

16.1 Measuring the level of anticoagulation

The term anticoagulation level, although imperfect, is used for anti-Xa level of UFH and
LMWH and for DOAC and fondaparinux concentration values. The term "monitoring™ is not
used as it would imply multiple determinations in the same patient to adjust the administration
modality of the anticoagulant. The experts aimed to address five questions:

(1) Is anticoagulation level predictive of VTE and bleeding events during thromboprophylaxis
with LMWH?

(i1) Does LMWH dose adjustment based on anti-Xa level reduce VTE without increasing the
risk of bleeding?

(iii) Are there specific populations (elderly, extreme weights, renal impairment) for whom
anticoagulation level determination has prognostic value?

(iv) What is the analytical precision of anticoagulation level based on anti-Xa measurement,
particularly for the low values observed in thromboprophylaxis?

(v) Is there a benefit to measuring the level of anticoagulation during thromboprophylaxis with
UFH, fondaparinux, or DOACs?

In surgery, data on anti-Xa levels during LMWH prophylaxis are mainly observational. After
TKA, anti-Xa level >0.2 IU/mL 12 hours after enoxaparin 4000 or 6000 IU/day (measured on
postoperative days 1, 3, and 6) was associated with a higher frequency of bleeding events,
whereas anti-Xa level <0.1 IU/mL was associated with VTE [270]. In hepatobiliary and
pancreatic surgery, a peak anti-Xa level <0.2 IU/mL was associated with a higher frequency of
VTE [271]. After abdominal cancer surgery, an anti-Xa level between 0.2 and 0.4 1U/mL was
associated with a lower frequency of VTE [272]. However, dose adjustment of enoxaparin by
increments of 1000 IU based on peak anti-Xa level was not associated with a reduction in VTE
after pancreatic surgery [273]. In plastic surgery, a peak anti-Xa level <0.3 IU/mL after 4000
IU/day of enoxaparin was associated with an excess VTE [274]. In neurosurgery,
"supraprophylactic” anti-Xa level (defined by a peak >0.5 IU/mL) with 4000 IU/day of
enoxaparin was associated with a higher frequency of bleeding events compared to prophylactic
level defined by the range 0.2-0.4 IU/mL [275]. A meta-analysis of 9 studies (including one
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randomized study of 985 patients undergoing plastic, thoracic, colorectal, or orthopedic
surgery) found an association between peak anti-Xa level <0.3 IU/mL (for administration of
4000 IU/day enoxaparin) or <0.2 IU/mL (for regimens with enoxaparin twice daily) and VTE
[276]. In trauma, injury severity and obesity were associated with "subprophylactic™ anti-Xa
levels (<0.2 IU/mL) [277]. A meta-analysis of 24 observational studies totaling 7276 patients
found a lower frequency of symptomatic VTE when peak anti-Xa level was >0.2 lU/mL or >0.1
IU/mL at trough (before the next injection), but when LMWH dose was adjusted to reach these
anti-Xa levels, there was no decrease in VTE [278]. Another meta-analysis, including 15
observational studies (10,348 patients) found a lower frequency of VTE when the dose of
enoxaparin was adjusted (by increments of 1000 IU of enoxaparin) to anti-Xa level without a
difference in bleeding events [279]. This second meta-analysis, which included asymptomatic
VTE, relied partly on unpublished data and highlighted the heterogeneity of the included
populations, ultrasound screening practices, and targeted anti-Xa level; thus, the level of
evidence is very low. Furthermore, all dose adjustment approaches based on anti-Xa level were
compared to a regimen using 3000 1U enoxaparin administered every 12 hours (commonly used
in North America), making it difficult to extrapolate to once-daily dosing regimens used in
Europe.

Specific populations:

- Advanced age alone is not associated with the accumulation of prophylactic enoxaparin
in a medical-surgical population [280].

- A weight < 45 kg has been strongly associated with a peak anti-Xa level > 0.5 lU/mL
[235], which may justify a reduced LMWH dose (2000 or 3000 IU enoxaparin) [236].
In bariatric surgery, a weight > 150 kg was associated with a peak anti-Xa level < 0.2
IU/mL after 4000 IU of enoxaparin [225]. These two small-scale studies did not observe
an association between anti-Xa level and thrombotic or bleeding events.

- Severe renal impairment leads to the accumulation of LMWH and justifies dose
adjustment (see dedicated section).

Limitations of anti-Xa-based anticoagulation measurement

- Various parameters contribute to the variability of plasma LMWH levels measured by anti-
Xa chromogenic assays (methods currently used in France). The heterogeneity of anti-Xa
assays (analyzers and reagents) is well established for UFH [281,282], but less documented
for LMWH, for which laboratory monitoring indications are rare. The influence of the
reagent and tube type (citrate alone or CTAD mixture) on the anti-Xa levels should be more
limited for LMWH than for UFH due to the shorter heparin chains thus the lower capacity
to bind to plasma proteins other than antithrombin. An appropriate LMWH calibrator should
be used [283]. Comparative studies of anti-Xa reagents have been conducted in patients
receiving therapeutic doses of LMWH, and the difference between two tests performed with
different reagents could reach 0.12 1U/mL [284-286].
External quality assessment (EQA) programs, which send the same samples to laboratories
to compare results, have reported high coefficients of variation (CVs) of 12-33% for
samples containing LMWH levels < 0.35 1U/mL, whereas a CV below 10% should be
achieved [287]. EQA programs rarely provide samples with LMWH anti-Xa levels < 0.3
IU/mL. Additionally, the limit of quantification (the lowest value that can be measured with
an acceptable CV) varies depending on the analyzers and reagents; it must be determined
by each laboratory and will condition the laboratory’s ability to report results for low values
between the limit of quantification (around 0.1 IU/mL) and 0.3 1U/mL.

50



These arguments suggest caution in using the anti-Xa assay, and it is important not to apply
conclusions from a published study to local practice if the anti-Xa assay in the study differs
from that used locally.

For anti-Xa DOAC, clinical studies did not include laboratory monitoring [52]. Moreover,
the broad therapeutic window of DOAC argues against laboratory testing.

During thromboprophylaxis with enoxaparin administered once daily, observed peak anti-Xa
levels (sample taken at 4 hours after at least 3 injections) frequently range from 0.2 to 0.5
IU/mL, with a potential influence from the anti-Xa assay used (often not detailed in the
literature). Existing data mainly concern enoxaparin administered twice daily, with fewer
studies on dalteparin and tinzaparin. While some observational studies have found an
association between anti-Xa level and postoperative VTE and bleeding events, no randomized
trial has demonstrated the benefit of adjusting LMWH dosage based on anti-Xa level to reduce
these complications. Such an approach may be ineffective (due to the variability among anti-
Xa assays, measurement imprecision for low anti-Xa values, and the time required to adjust the
dosage, with samples taken at a minimum of three days of treatment), costly, and complex to
implement (samples taken 4 hours after LMWH injection, outside usual sampling times; a
significant number of patients is already discharged by day 3). When facing a bleeding event,
determining anti-Xa level can document potential accumulation or overdose and estimate the
contribution of the anticoagulant to bleeding (likely negligible if anti-Xa level is below 0.2
IU/mL). Institutional protocols for managing thromboprophylaxis should define the rare
indications for anti-Xa assay and consider the type of LMWH, dosing regimen (once or twice
daily), and the analyzer/reagent system used.

For UFH, fondaparinux, and DOACSs at prophylactic doses, there is no evidence showing a
clinical benefit to routine measurement of anticoagulation levels. Therefore, no
recommendation was possible. However, this measurement can guide management in case of
bleeding with suspected overdose.

16.2. Platelet count monitoring and risk of heparin-induced thrombocytopenia (HIT)
The recommendations are those of SFAR-GIHP-GFHT [198]. The rationale is based on
observational studies. Patients receiving postoperative thromboprophylaxis (including after
cesarean section) have an intermediate risk of HIT (0.1 to 1%) with LMWH and a high risk (>
1%) with UFH [288,289]. HIT typically occurs between 4 to 14 days after the initiation of
heparin treatment, rarely after 15 days, and exceptionally after 1 month [290]. HIT can occur
earlier if there has been heparin exposure within the previous 3 months [291]. The incidence
and severity of thrombotic complications during HIT appear to be inversely associated with the
earliness of HIT treatment [292,293].

The use of a decision-making algorithm based on the clinical probability assessment of HIT
and validated laboratory tests likely limits the risk of overdiagnosis associated with monitoring
of platelet counts [52].
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17. Postoperative distal deep vein thrombosis

This section aims to determine whether the diagnosis of distal deep vein thrombosis (dDVT)
modifies thromboprophylaxis regimen and to define the situations in which this pharmaceutical
prophylaxis should only be extended without switching to anticoagulant treatment.

The management of postoperative isolated distal deep vein thromboses (dADVT) is debated, both
in terms of the indication for anticoagulant treatment, its intensity (prophylactic or therapeutic),
and its duration, as studies are few and provide low levels of evidence.

Definition of isolated dDVT

Isolated dDVT of the lower limbs are anatomically defined as thromboses below the popliteal
vein, without extension to the proximal veins or associated pulmonary embolism. The distal
deep veins include the tibial veins (anterior and posterior), the fibular veins, and the muscular
veins (soleal, gastrocnemius). dDVT account for up to half of all diagnosed DVT [294].

dDVT share the same risk factors as proximal DVT (pDVT), but some factors, particularly the
postoperative context, are more significant (OR 1.8, 95%CI 1.3-2.5, distal vs. proximal) [295—
297]. dDVT are frequently observed after trauma or lower limb surgery, but also after
abdominal or pelvic surgery and potentially after any type of surgery [298]. Systematic
screening one week after TKA reveals dDVT in 33 to 46% of cases [299,300]. They are most
often asymptomatic.

Can patients at higher risk of proximal extension or pulmonary embolism (PE) be
identified?

The risk associated with dDVT is proximal extension and PE. This risk is low, but various risk
factors have been identified. These include factors related to the thrombosis, such as the
observation of more than one thrombosed vein or bilateral dDVT, and patient-related factors
such as personal history of VTE, active cancer, a persistent risk factor, and the accumulation of
patient-related risk factors [301-306]. dDVT in the venous trunks and muscular dDVT have the
same progression profile [301,307].

What is the risk of proximal extension or PE from an isolated dDVT?

In the absence of any anticoagulation, the rate of symptomatic PE is < 1% [307,308], and the
rate of proximal extension varies between studies, ranging from 5 to 10% [309,310] and up to
20% in a series with a significant proportion of cancer patients [311]. After surgery, the risk of
extension appears to be similar. For instance, after TKA, a proximal extension was reported for
3.5% of dDVT diagnosed at day 7, at the end of short-duration thromboprophylaxis [300].

With pharmacological prophylaxis, the risk of proximal extension or PE from dDVT has been
estimated between 3 and 10%, mainly from registries in heterogeneous populations, not
systematically postoperative ones [312]. The PROTHEGE trial specifically assessed the
evolution of postoperative dDVT in patients receiving LMWH thromboprophylaxis, but it did
not compare it to therapeutic treatment [300]. In this study, 878 patients receiving prophylactic
LMWH following TKA had a venous CUS on day 7. Those presenting with proximal DVT
(n=21) were excluded from the study. The others (negative CUS or dDVT) were randomized to
either short-term thromboprophylaxis, totaling 10 days, or extended thromboprophylaxis,
lasting 35 days, with a control venous ultrasound on day 35. Among patients with dDVT on day
7, 7.8% in the short-term thromboprophylaxis group and 2.8% (p=0.067) in the extended
thromboprophylaxis group experienced a proximal or symptomatic VTE or bleeding, while
rates of extension or recurrence (including distal) were 14.8% and 4.5%, respectively
(»<0.001). These results suggest that in the absence of risk factors for extension, continuing
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thromboprophylaxis up to 35 days reduces complications from dDVT compared to short-term
thromboprophylaxis.

Bleeding risk and anticoagulant treatment of dADVT

Therapeutic anticoagulation for dDVT increases the risk of bleeding complications. In the
randomized CACTUS trial, administering nadroparin at a therapeutic dose for six weeks
increased major and clinically significant bleeding complications compared to placebo among
patients at low bleeding risk since they were non-surgical or non-cancer patients [307]. An
analysis from a registry of 697 patients with dDVT, of which 39% were postoperative patients
and 19% were trauma patients, showed that therapeutic anticoagulation was associated with
more clinically significant bleeding (8.6% vs. 2.2%, OR=4.87, 95% CI 1.37-17.3), particularly
in postoperative patients [313].

However, prophylactic treatment might be associated with lower bleeding risk: in the
PROTHEGE trial, only 1/144 (0.7%) of patients with dDVT on day 7 who received extended
thromboprophylaxis for 35 days experienced major bleeding [300].

For patients with isolated dDVT and contraindications to anticoagulants, clinical and echo-
Doppler monitoring is an option. Two randomized trials [309,311] showed that when there is
suspicion of a first DVT (40% after surgery or trauma [300]), serial proximal CUS repeated
after one week (which does not detect dDVT), was as safe in terms of thromboembolic risk at
3 months as complete CUS (which leads to diagnosing and treating both dDVT and proximal
DVT). These results suggest that dDVT can be left untreated, provided that there is clinical
monitoring and a repeated ultrasound after one week to look for potential extension. Beyond
two weeks, the risk of extension appears to be low [314].

Management of dDVT

The management of isolated postoperative dDVT is widely debated, particularly regarding the
intensity of anticoagulation. The decision to use therapeutic anticoagulation should consider the
risk of extension of the dDVT, dependent on the characteristics of the thrombosis itself and the
patient, as well as the postoperative bleeding risk.

A randomized trial conducted after THA or TKA showed that systematic screening of dDVT by
CUS and their treatment did not reduce the rate of proximal DVT and PE on day 35 [315] but
increased major bleeding. Thus, systematic screening and treatment are not recommended.

In the meta-analysis by Franco ef al. [316], prophylactic treatment of dDVT (OR=0.54, 95%
CI 0.30-0.99) was as effective in terms of recurrence of VTE as therapeutic treatment
(OR=0.51, 95% CI1 0.29-0.91) compared to no treatment. Overall, these data suggest that in the
absence of risk factors for extension, an approach by "extended thromboprophylaxis" may be
appropriate in the postoperative context. The presence of risk factors for extension warrants
discussion of therapeutic treatment.

The duration of therapeutic anticoagulation for dDVT is still a matter of debate as published
studies have not included surgical patients. In the DURAC trial, a 6-week treatment for dDVT
was associated with more thromboembolic recurrences at 2 years, although not statistically
significant, compared to 6 months (11.4% vs. 5.8%, n.s.) [317]. Conversely, in the DOTAVK
trial, a 6-week anticoagulant treatment after a first episode of dDVT not related to cancer did
not expose to an increased thromboembolic risk at 15 months (2.0% vs. 3.4%, n.s.) compared
to a 3-month treatment and had a better bleeding risk profile (1.0% vs. 3.4%, n.s.) [318]. The
RIDTS trial compared 6 weeks to 3 months of treatment with rivaroxaban 20 mg/day for
isolated symptomatic dDVT. Extending the treatment to 3 months allowed a reduction in VTE
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recurrences (11% vs. 19%, RR=0.59, 95% CI 0.36-0.95), mainly dDVT, particularly recurrence
in the same vein. This effect was not found in case of provoked dDVT (RR=0.47, 95% C1 0.15-
1.45), but the sample size was small [319].

Regarding the choice of anticoagulant, the RIETE registry showed that treatment of dDVT with
rivaroxaban was as effective and safe as treatment with LMWH/VKA [320].

Conflicts of interest

Pierre Albaladejo: Bayer Healthcare, BMS-Pfizer, Sanofi

Normand Blais: None

Fanny Bonhomme: None

Fanny Bounes: None

Alex Bourguignon: None

Ariel Cohen: None

Emmanuel de Maistre: None

Pierre Fontana: NovoNordisk et Sobi

Delphine Garrigue Huet: LFB, Octapharma, Chugai, Boehringer-Ingelheim, Bayer, Astrazeneca
Anne Godier: Aguettant, Alexion, Bayer Healthcare, BMS-Pfizer, Boehringer Ingelheim, Sanofi,
CSL Behring, LFB, Octapharma, Stago, Viatris

Alexandre Godon: BMS-Pfizer, LFB, Sanofi

Isabelle Gouin-Thibault: BMS-Pfizer, Leo Pharma, Sanofi, Stago, Viatris

Yves Gruel: Octapharma

Samia Jebara: None

Dominique Lasne: None

Silvy Laporte: Ferring, Pfizer, Lilly

Thomas Lecompte: None

Dan Longrois: LFB

Jerrold H Levy: Merck, Octapharma, Takeda, and Werfen

Grégoire Le Gal: BMS, Inari, Leo Pharma, Pfizer, Sanofi

Alexandre Mansour: i-SEP, LFB, Aguettant, Viatris et Pfizer

Anne-Céline Martin: Abbott, Bayer Healthcare, BMS-Pfizer, Boehringer Ingelheim, Novartis
Mikael Mazighi: Boehringer, Novartis, Novonordisk, Acticor, Astra Zeneca

Patrick Mismetti: Aspen, Leo Pharma, Sanofi, Pfizer

Pierre-Emmanuel Morange : BMS, Pfizer, Sanofi

Serge Motte: Bayer Healthcare, BMS-Pfizer, Leo Pharma, Viatris

Francois Mullier: Fresenius, Technoclone, Stago and Werfen

Philippe Nguyen: None

Gilles Pernod: None

Nadia Rosencher: None

Stéphanie Roullet: Bayer Healthcare, BMS-Pfizer, CSL Behring, LFB, MSD, Sanofi
Pierre-Marie Roy: Aspen, Bayer Healthcare, BMS-Pfizer, Boehringer Ingelheim, Sanofi
Jean-Francois Schved: pas de lien d’intérét

Pierre Sié: pas de lien d’intérét

Sophie Susen: CorWave, Roche-Chugai, Stago, Biomarin, Bioverativ, CSL Behring, LFB, Novo-
Nordisk, Sanofi, Shire/Takeda, Siemens Healthiners, Stago and Sobi

Charles Tacquard: Sanofi, BMS Pfizer

54



Pierre-Marie Roy: Aspen, Bayer Health Care, Boehringer-Ingelheim, Sanofi-Aventis, Pfizer,
Bristol Myers Squibb, LFB, Viatris

Marie-Antoinette Sevestre: BMS Pfizer, Leo Pharma, Viatris, Novartis

André Vincentelli: None

Paul Zufferey: Sanofi Aventis

References

[1]  Samama C-M, Gafsou B, Jeandel T, Laporte S, Steib A, Marret E, et al. Prévention de
la maladie thromboembolique veineuse postopératoire. Actualisation 2011. Texte court.
Annales Francgaises d’ Anesthésie et de Réanimation 2011;30:947-51.
https://doi.org/10.1016/j.annfar.2011.10.008.

[2]  Venclauskas L, Llau JV, Jenny J-Y, Kjaersgaard-Andersen P, Jans @. European
guidelines on perioperative venous thromboembolism prophylaxis: Day surgery and fast-track
surgery. European Journal of Anaesthesiology 2018;35:134-8.
https://doi.org/10.1097/EJA.0000000000000706.

[3] Albaladejo P, Godier A, Mismetti P, Roullet S, Steib A. Commentaires et propositions
du Groupe d’intérét en hémostase périopératoire (GIHP) sur les recommandations de la
Société européenne d’anesthésie : « European Guidelines on perioperative venous
thromboembolism prophylaxis ». Eur J Anaesthesiol. 2018;35:77-83. Le Praticien en
Anesthésie Réanimation 2019;23:304-13. https://doi.org/10.1016/j.pratan.2019.09.001.

[4] Jorgensen CC, Kehlet H. Early thromboembolic events < 1 week after fast-track total
hip and knee arthroplasty. Thrombosis Research 2016;138:37-42.
https://doi.org/10.1016/j.thromres.2015.12.025.

[5] Vendler MMI, Haidari TA, Waage JE, Kleif J, Kristensen B, Gdgenur I, et al.
Incidence of venous thromboembolic events in enhanced recovery after surgery for colon
cancer: a retrospective, population-based cohort study. Colorectal Disease 2017;19.
https://doi.org/10.1111/codi.13910.

[6] Anderson DR, Dunbar M, Murnaghan J, Kahn SR, Gross P, Forsythe M, et al. Aspirin
or Rivaroxaban for VTE Prophylaxis after Hip or Knee Arthroplasty. N Engl J Med
2018;378:699-707. https://doi.org/10.1056/NEJMo0al712746.

[7] CRISTAL Study Group, Sidhu VS, Kelly T-L, Pratt N, Graves SE, Buchbinder R, et
al. Effect of Aspirin vs Enoxaparin on Symptomatic Venous Thromboembolism in Patients
Undergoing Hip or Knee Arthroplasty: The CRISTAL Randomized Trial. JAMA
2022;328:719. https://doi.org/10.1001/jama.2022.13416.

[8] Ripollés-Melchor J, Abad-Motos A, Diez-Remesal Y, Aseguinolaza-Pagola M, Padin-
Barreiro L, Sanchez-Martin R, et al. Association Between Use of Enhanced Recovery After
Surgery Protocol and Postoperative Complications in Total Hip and Knee Arthroplasty in the
Postoperative Outcomes Within Enhanced Recovery After Surgery Protocol in Elective Total
Hip and Knee Arthroplasty Study (POWER2). JAMA Surg 2020;155:€196024.
https://doi.org/10.1001/jamasurg.2019.6024.

[9] Ripollés-Melchor J, Ramirez-Rodriguez JM, Casans-Francés R, Aldecoa C, Abad-
Motos A, Logrofio-Egea M, et al. Association Between Use of Enhanced Recovery After
Surgery Protocol and Postoperative Complications in Colorectal Surgery: The Postoperative
Outcomes Within Enhanced Recovery After Surgery Protocol (POWER) Study. JAMA Surg
2019;154:725. https://doi.org/10.1001/jamasurg.2019.0995.

[10] Catarci M, Ruffo G, Viola MG, Pirozzi F, Delrio P, Borghi F, et al. ERAS program
adherence-institutionalization, major morbidity and anastomotic leakage after elective
colorectal surgery: the iCral2 multicenter prospective study. Surg Endosc 2022;36:3965-84.
https://doi.org/10.1007/s00464-021-08717-2.

55



[11] Kuster Uyeda MGB, Batista Castello Girdo MJ, Carbone EDSM, Machado Fonseca
MC, Takaki MR, Ferreira Sartori MG. Fast-track protocol for perioperative care in
gynecological surgery: Cross-sectional study. Taiwanese Journal of Obstetrics and
Gynecology 2019;58:359-63. https://doi.org/10.1016/j.tjog.2019.02.010.

[12] Wang, Liu B, Zhao T, Zhao B, Yu D, Jiang X, et al. Safety and efficacy of a novel
neurosurgical enhanced recovery after surgery protocol for elective craniotomy: a prospective
randomized controlled trial. Journal of Neurosurgery 2019;130:1680-91.
https://doi.org/10.3171/2018.1.JNS171552.

[13] Purushothaman V, Priyadarshini P, Bagaria D, Joshi M, Choudhary N, Kumar A, et al.
Enhanced recovery after surgery (ERAS) in patients undergoing emergency laparotomy after
trauma: a prospective, randomized controlled trial. Trauma Surg Acute Care Open
2021;6:€000698. https://doi.org/10.1136/tsaco-2021-000698.

[14] Chiang HA, Cheng PJ, Speed JM, Steinberg J, Najjar PA, Steele GS, et al.
Implementation of a Perioperative Venous Thromboembolism Prophylaxis Program for
Patients Undergoing Radical Cystectomy on an Enhanced Recovery After Surgery Protocol.
European Urology Focus 2020;6:74-80. https://doi.org/10.1016/j.euf.2018.08.025.

[15] Najjar PA, Madenci AL, Zogg CK, Schneider EB, Dankers CA, Pimentel MT, et al.
Implementation of a Comprehensive Post-Discharge Venous Thromboembolism Prophylaxis
Program for Abdominal and Pelvic Surgery Patients. Journal of the American College of
Surgeons 2016;223:804-13. https://doi.org/10.1016/j.jamcollsurg.2016.09.010.

[16] Cassidy MR, Rosenkranz P, McAneny D. Reducing Postoperative Venous
Thromboembolism Complications with a Standardized Risk-Stratified Prophylaxis Protocol
and Mobilization Program. Journal of the American College of Surgeons 2014;218:1095-104.
https://doi.org/10.1016/j.jamcollsurg.2013.12.061.

[17] Nguyen JMV, Gien LT, Covens A, Kupets R, Osborne RJ, Sadeghi M, et al. Dual
mechanical and pharmacological thromboprophylaxis decreases risk of pulmonary embolus
after laparotomy for gynecologic malignancies. Int J Gynecol Cancer 2022;32:55-61.
https://doi.org/10.1136/ijgc-2020-001205.

[18] O. Sanchez M-AS 'Y Benhamou, L Bertoletti, J Constant, F Couturaud, A Delluc, A
Elias, AM Fischer, P Frappé, N Gendron, P Girard, A Godier, C Gut-Gobert, S Laporte, |
Mahé, L Mauge, N Meneveau, G Meyer, P Mismetti, F Parent, G Pernod, | Quéré, MP Revel,
PM Roy, PY Salalin, DM Smadja. Recommandations de bonne pratique pour la prise en
charge de la maladie veineuse thromboembolique chez I’adulte. Version courte. Revue Des
Maladies Respiratoires 2019;6307:129-286. http://dx.doi.org/10.1016/j.rmr.2019.01.003.
[19] Rosendaal F. Venous thrombosis: a multicausal disease. The Lancet 1999;353:1167—
73. https://doi.org/10.1016/S0140-6736(98)10266-0.

[20] Van Adrichem RA, Nelissen RGHH, Schipper 1B, Rosendaal FR, Cannegieter SC.
Risk of venous thrombosis after arthroscopy of the knee: results from a large population-
based case—control study. Journal of Thrombosis and Haemostasis 2015;13:1441-8.
https://doi.org/10.1111/jth.12996.

[21]  Pandor A, Tonkins M, Goodacre S, Sworn K, Clowes M, Griffin XL, et al. Risk
assessment models for venous thromboembolism in hospitalised adult patients: a systematic
review. BMJ Open 2021;11:e045672. https://doi.org/10.1136/bmjopen-2020-045672.

[22] Pannucci CJ, Shanks A, Moote MJ, Bahl V, Cederna PS, Naughton NN, et al.
Identifying Patients at High Risk for Venous Thromboembolism Requiring Treatment After
Outpatient Surgery. Annals of Surgery 2012;255:1093-9.
https://doi.org/10.1097/SLA.0b013e3182519ccf.

[23] Caprini JA. Thrombosis Risk Assessment as a Guide to Quality Patient Care. Disease-
a-Month 2005;51:70-8. https://doi.org/10.1016/j.disamonth.2005.02.003.

[24] Pannucci CJ, Swistun L, MacDonald JK, Henke PK, Brooke BS. Individualized

56



Venous Thromboembolism Risk Stratification Using the 2005 Caprini Score to Identify the
Benefits and Harms of Chemoprophylaxis in Surgical Patients: A Meta-analysis. Annals of
Surgery 2017;265:1094-103. https://doi.org/10.1097/SLA.0000000000002126.

[25] De Stefano V, Rossi E, Za T, Leone G. Prophylaxis and Treatment of Venous
Thromboembolism in Individuals with Inherited Thrombophilia. Semin Thromb Hemost
2006;32:767-80. https://doi.org/10.1055/s-2006-955459.

[26] TRILLOT N, MARLU R, SUCHON P, HANSS M, DARGAUD Y, GRUEL Y, et al.
Prescription et réalisation d’un bilan biologique a la recherche d’une thrombophilie :
propositions du GFHT 2022 Partie I : aspects cliniques et prescription dans la maladie
thromboembolique veineuse classique. Rev Francoph Hémost Thromb 2022;4:133-52.

[27] GRUEL Y, MORANGE P, ALHENC-GELAS M, BOISSIER E, GOUIN-THIBAULT
I. Prescription et réalisation d’un bilan biologique a la recherche d’une thrombophilie :
propositions du GFHT 2022 Partie II : aspects méthodologiques et biologiques — v2.1. Rev
Francoph Hémost Thromb 2022;4:61-102.

[28] Syndrome des Anti-Phospholipides de I’adulte et de I’enfant. Haute Autorité de Santé
n.d. https://www.has-sante.fr/jcms/p_3375791/fr/syndrome-des-anti-phospholipides-de-I-
adulte-et-de-l-enfant (accessed July 11, 2024).

[29] Blanco-Molina A, Trujillo-Santos J, Tirado R, Cafias I, Riera A, Valdés M, et al.
Venous thromboembolism in women using hormonal contraceptives. Findings from the
RIETE Registry. Thromb Haemost 2009;101:478-82.

[30] White RH, Zhou H, Gage BF. Effect of age on the incidence of venous
thromboembolism after major surgery. Journal of Thrombosis and Haemostasis 2004;2:1327—
33. https://doi.org/10.1046/}.1538-7836.2004.00848.x.

[31] Martinez C, Cohen AT, Bamber L, Rietbrock S. Epidemiology of first and recurrent
venous thromboembolism: A population-based cohort study in patients without active cancer.
Thromb Haemost 2014;112:255-63. https://doi.org/10.1160/TH13-09-0793.

[32] Ocak G, Lijfering WM, Verduijn M, Dekker FW, Rosendaal FR, Cannegieter SC, et
al. Risk of venous thrombosis in patients with chronic kidney disease: identification of high-
risk groups. Journal of Thrombosis and Haemostasis 2013;11:627-33.
https://doi.org/10.1111/jth.12141.

[33] Nemeth B, Adrichem RAV, Hylckama Vlieg AV, Bucciarelli P, Martinelli I, Baglin T,
et al. Venous Thrombosis Risk after Cast Immobilization of the Lower Extremity: Derivation
and Validation of a Clinical Prediction Score, L-TRiP(cast), in Three Population-Based Case—
Control Studies. PLoS Med 2015;12:1001899.
https://doi.org/10.1371/journal.pmed.1001899.

[34] Nemeth B, Van Adrichem R, Van Hylckama Vlieg A, Baglin T, Rosendaal F, Nelissen
R, et al. Venous Thrombosis Risk after Arthroscopy of the Knee: Derivation and Validation
of the L-TRiP(ascopy) Score. Thromb Haemost 2018;118:1823-31. https://doi.org/10.1055/s-
0038-1670660.

[35] Khazi ZM, An Q, Duchman KR, Westermann RW. Incidence and Risk Factors for
Venous Thromboembolism Following Hip Arthroscopy: A Population-Based Study.
Arthroscopy: The Journal of Arthroscopic & Related Surgery 2019;35:2380-2384.e1.
https://doi.org/10.1016/j.arthro.2019.03.054.

[36] Forlenza EM, Parvaresh KC, Cohn MR, Lavoie-Gagne O, Khazi ZM, Lu Y, et al.
Incidence and risk factors for symptomatic venous thromboembolism following anterior
cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc 2022;30:1552-9.
https://doi.org/10.1007/s00167-021-06583-y.

[37] Howell M. Congestive heart failure and outpatient risk of venous thromboembolism A
retrospective, case-control study. Journal of Clinical Epidemiology 2001;54:810-6.
https://doi.org/10.1016/S0895-4356(00)00373-5.

57



[38] Alkim H, Koksal AR, Boga S, Sen I, Alkim C. Etiopathogenesis, Prevention, and
Treatment of Thromboembolism in Inflammatory Bowel Disease. Clin Appl Thromb Hemost
2017;23:501-10. https://doi.org/10.1177/1076029616632906.

[39] Kei T, Mistry N, Curley G, Pavenski K, Shehata N, Tanzini RM, et al. Efficacy and
safety of erythropoietin and iron therapy to reduce red blood cell transfusion in surgical
patients: a systematic review and meta-analysis. Can J Anesth/J Can Anesth 2019;66:716-31.
https://doi.org/10.1007/s12630-019-01351-6.

[40] Caprini JA. Risk assessment as a guide to thrombosis prophylaxis. Current Opinion in
Pulmonary Medicine 2010;16:448-52. https://doi.org/10.1097/MCP.0b013e32833c3d3e.
[41] Petersen P, Kehlet H, Jgrgensen C, on behalf of the Lundbeck Foundation Centre for
Fast-track Hip and Knee Replacement Collaborative Group. Safety of In-Hospital Only
Thromboprophylaxis after Fast-Track Total Hip and Knee Arthroplasty: A Prospective
Follow-Up Study in 17,582 Procedures. Thromb Haemost 2018;118:2152—61.
https://doi.org/10.1055/s-0038-1675641.

[42] Anderson DR, Dunbar MJ, Bohm ER, Belzile E, Kahn SR, Zukor D, et al. Aspirin
Versus Low-Molecular-Weight Heparin for Extended Venous Thromboembolism Prophylaxis
After Total Hip Arthroplasty: A Randomized Trial. Ann Intern Med 2013;158:800.
https://doi.org/10.7326/0003-4819-158-11-201306040-00004.

[43] Lassen MR, Raskob GE, Gallus A, Pineo G, Chen D, Hornick P. Apixaban versus
enoxaparin for thromboprophylaxis after knee replacement (ADVANCE-2): a randomised
double-blind trial. The Lancet 2010;375:807-15. https://doi.org/10.1016/S0140-
6736(09)62125-5.

[44] Lassen MR, Gallus A, Raskob GE, Pineo G, Chen D, Ramirez LM. Apixaban versus
Enoxaparin for Thromboprophylaxis after Hip Replacement. N Engl J Med 2010;363:2487—
98. https://doi.org/10.1056/NEJM0a1006885.

[45] Eriksson BI, Borris LC, Friedman RJ, Haas S, Huisman MV, Kakkar AK, et al.
Rivaroxaban versus Enoxaparin for Thromboprophylaxis after Hip Arthroplasty. N Engl J
Med 2008;358:2765-75. https://doi.org/10.1056/NEJM0a0800374.

[46] Lassen MR, Ageno W, Borris LC, Lieberman JR, Rosencher N, Bandel TJ, et al.
Rivaroxaban versus Enoxaparin for Thromboprophylaxis after Total Knee Arthroplasty. N
Engl J Med 2008;358:2776-86. https://doi.org/10.1056/NEJM0a076016.

[47] Eriksson BI, Dahl OE, Rosencher N, Kurth AA, Van Dijk CN, Frostick SP, et al. Oral
dabigatran etexilate vs. subcutaneous enoxaparin for the prevention of venous
thromboembolism after total knee replacement: the RE-MODEL randomized trial. Journal of
Thrombosis and Haemostasis 2007;5:2178-85. https://doi.org/10.1111/j.1538-
7836.2007.02748.X.

[48] Eriksson BI, Dahl OE, Rosencher N, Kurth AA, Van Dijk CN, Frostick SP, et al.
Dabigatran etexilate versus enoxaparin for prevention of venous thromboembolism after total
hip replacement: a randomised, double-blind, non-inferiority trial. The Lancet 2007;370:949—
56. https://doi.org/10.1016/S0140-6736(07)61445-7.

[49] Hur M, Park S-K, Koo C-H, Jung ED, Kang P, Kim WH, et al. Comparative efficacy
and safety of anticoagulants for prevention of venous thromboembolism after hip and knee
arthroplasty: A network meta-analysis. Acta Orthopaedica 2017;88:634-41.
https://doi.org/10.1080/17453674.2017.1361131.

[50] Kapoor A, Ellis A, Shaffer N, Gurwitz J, Chandramohan A, Saulino J, et al.
Comparative effectiveness of venous thromboembolism prophylaxis options for the patient
undergoing total hip and knee replacement: a network meta-analysis. Journal of Thrombosis
and Haemostasis 2017;15:284-94. https://doi.org/10.1111/jth.13566.

[51] Feng W, Wu K, Liu Z, Kong G, Deng Z, Chen S, et al. Oral direct factor Xa inhibitor
versus enoxaparin for thromboprophylaxis after hip or knee arthroplasty: Systemic review,

58



traditional meta-analysis, dose—response meta-analysis and network meta-analysis.
Thrombosis Research 2015;136:1133-44. https://doi.org/10.1016/j.thromres.2015.10.0009.
[52] Gomez-Outes A, Terleira-Fernandez Al, Suarez-Gea ML, Vargas-Castrillon E.
Dabigatran, rivaroxaban, or apixaban versus enoxaparin for thromboprophylaxis after total
hip or knee replacement: systematic review, meta-analysis, and indirect treatment
comparisons. BMJ 2012;344:e3675-e3675. https://doi.org/10.1136/bmj.e3675.

[53] Laporte S, Chapelle C, Bertoletti L, Lega J-C, Cucherat M, Zufferey P, et al. Indirect
comparison meta-analysis of two enoxaparin regimens in patients undergoing major
orthopaedic surgery: Impact on the interpretation of thromboprophylactic effects of new
anticoagulant drugs. Thromb Haemost 2014;112:503-10. https://doi.org/10.1160/TH14-01-
0064.

[54] Mismetti P, Laporte S, Zufferey P, Epinat M, Decousus H, Cucherat M. Prevention of
venous thromboembolism in orthopedic surgery with vitamin K antagonists: a meta-analysis.
Journal of Thrombosis and Haemostasis 2004;2:1058-70. https://doi.org/10.1111/].1538-
7836.2004.00757 .x.

[55] Parvizi J, Huang R, Restrepo C, Chen AF, Austin MS, Hozack WJ, et al. Low-Dose
Aspirin Is Effective Chemoprophylaxis Against Clinically Important Venous
Thromboembolism Following Total Joint Arthroplasty: A Preliminary Analysis. The Journal
of Bone and Joint Surgery 2017;99:91-8. https://doi.org/10.2106/JBJS.16.00147.

[56] Shohat N, Ludwick L, Goel R, Ledesma J, Streicher S, Parvizi J. Thirty Days of
Aspirin for Venous Thromboembolism Prophylaxis Is Adequate Following Total Knee
Arthroplasty, Regardless of the Dose Used. The Journal of Arthroplasty 2021;36:3300-4.
https://doi.org/10.1016/j.arth.2021.05.002.

[57] Pretorius J, Nemat N, Azeem I, Shaju T, Nadeem S, Hammad Y. Is aspirin still
relevant as a single pharmacological agent for venous thromboembolism prophylaxis post hip
and knee arthroplasty surgery: A retrospective review. SICOT-J 2022;8:28.
https://doi.org/10.1051/sicotj/2022029.

[58] Sharda AV, Fatovic K, Bauer KA. Aspirin thromboprophylaxis in joint replacement
surgery. Research and Practice in Thrombosis and Haemostasis 2022;6:e12649.
https://doi.org/10.1002/rth2.12649.

[59] Prandoni P, Bruchi O, Sabbion P, Tanduo C, Scudeller A, Sardella C, et al. Prolonged
Thromboprophylaxis With Oral Anticoagulants After Total Hip Arthroplasty: A Prospective
Controlled Randomized Study. Arch Intern Med 2002;162:1966.
https://doi.org/10.1001/archinte.162.17.1966.

[60] Forster R, Stewart M. Anticoagulants (extended duration) for prevention of venous
thromboembolism following total hip or knee replacement or hip fracture repair. Cochrane
Database of Systematic Reviews 2016;2016.
https://doi.org/10.1002/14651858.CD004179.pub2.

[61] Sobieraj DM, Lee S, Coleman CI, Tongbram V, Chen W, Colby J, et al. Prolonged
Versus Standard-Duration Venous Thromboprophylaxis in Major Orthopedic Surgery: A
Systematic Review. Ann Intern Med 2012;156:720. https://doi.org/10.7326/0003-4819-156-
10-201205150-00423.

[62] MacDonald DRW, Neilly D, Schneider PS, Bzovsky S, Sprague S, Axelrod D, et al.
Venous Thromboembolism in Hip Fracture Patients: A Subanalysis of the FAITH and
HEALTH Trials. Journal of Orthopaedic Trauma 2020;34:S70-5.
https://doi.org/10.1097/BOT.0000000000001939.

[63] Beauchamp-Chalifour P, Belzile EL, Michael R, Langevin V, Gaudreau N,
Normandeau N, et al. The risk of venous thromboembolism in surgically treated hip fracture:
A retrospective cohort study of 5184 patients. Orthopaedics & Traumatology: Surgery &
Research 2022;108:103142. https://doi.org/10.1016/j.0tsr.2021.103142.

59



[64] Jargensen PS, Knudsen JB, Broeng L, Josephsen L, Bjerregaard P, Hagen K, et al. The
thromboprophylactic effect of a low-molecular-weight heparin (Fragmin) in hip fracture
surgery. A placebo-controlled study. Clin Orthop Relat Res 1992:95-100.

[65] Handoll HH, Farrar MJ, McBirnie J, Tytherleigh-Strong GM, Milne AA, Gillespie
WJ. Heparin, low molecular weight heparin and physical methods for preventing deep vein
thrombosis and pulmonary embolism following surgery for hip fractures. Cochrane Database
of Systematic Reviews 2002;2021. https://doi.org/10.1002/14651858.CD000305.

[66] Eriksson BI, Bauer KA, Lassen MR, Turpie AGG. Fondaparinux Compared with
Enoxaparin for the Prevention of VVenous Thromboembolism after Hip-Fracture Surgery. N
Engl J Med 2001;345:1298-304. https://doi.org/10.1056/NEJM0a011100.

[67] Eriksson BI. Duration of Prophylaxis Against Venous Thromboembolism With
Fondaparinux After Hip Fracture SurgeryA Multicenter, Randomized, Placebo-Controlled,
Double-blind Study. Arch Intern Med 2003;163:1337.
https://doi.org/10.1001/archinte.163.11.1337.

[68] Turpie AGG. Fondaparinux vs Enoxaparin for the Prevention of Venous
Thromboembolism in Major Orthopedic SurgeryA Meta-analysis of 4 Randomized Double-
blind Studies. Arch Intern Med 2002;162:1833. https://doi.org/10.1001/archinte.162.16.1833.
[69] Zufferey PJ, Ollier E, Delavenne X, Laporte S, Mismetti P, Duffull SB. Incidence and
risk factors of major bleeding following major orthopaedic surgery with fondaparinux
thromboprophylaxis. A time-to-event analysis. Brit J Clinical Pharma 2018;84:2242-51.
https://doi.org/10.1111/bcp.13663.

[70] Eikelboom JW, Quinlan DJ, O’Donnell M. Major Bleeding, Mortality, and Efficacy of
Fondaparinux in Venous Thromboembolism Prevention Trials. Circulation 2009;120:2006—
11. https://doi.org/10.1161/CIRCULATIONAHA.109.872630.

[71] Hefley WF, Nelson CL, Puskarich-May CL. Effect of Delayed Admission to the
Hospital on the Preoperative Prevalence of Deep-Vein Thrombosis Associated with Fractures
about the Hip*: The Journal of Bone & Joint Surgery 1996;78:581-3.
https://doi.org/10.2106/00004623-199604000-00012.

[72] Zahn HR, Skinner JA, Porteous MJ. The preoperative prevalence of deep vein
thrombosis in patients with femoral neck fractures and delayed operation. Injury
1999;30:605—7. https://doi.org/10.1016/S0020-1383(99)00163-1.

[73] Leer-Salvesen S, Dybvik E, Dahl OE, Gjertsen J-E, EngesaeTer LB. Postoperative start
compared to preoperative start of low-molecular-weight heparin increases mortality in
patients with femoral neck fractures: An observational study of 20,241 hemiprostheses
reported to the Norwegian Hip Fracture Register. Acta Orthopaedica 2017;88:48-54.
https://doi.org/10.1080/17453674.2016.1235427.

[74] Nederpelt CJ, Bijman Q, Krijnen P, Schipper I1B. Equivalence of DOACS and LMWH
for thromboprophylaxis after hip fracture surgery: Systematic review and meta-analysis.
Injury 2022;53:1169-76. https://doi.org/10.1016/j.injury.2021.11.052.

[75] Prevention of pulmonary embolism and deep vein thrombosis with low dose aspirin:
Pulmonary Embolism Prevention (PEP) trial. Lancet 2000;355:1295-302.

[76] Poacher AT, Hoskins HC, Protty MB, Pettit R, Johansen A. The impact of adopting
low-molecular-weight heparin in place of aspirin as routine thromboprophylaxis for patients
with hip fracture. Postgraduate Medical Journal 2023;99:582—7.
https://doi.org/10.1136/postgradmedj-2022-141628.

[77] Chapelle C, Rosencher N, Jacques Zufferey P, Mismetti P, Cucherat M, Laporte S.
Prevention of Venous Thromboembolic Events With Low-Molecular-Weight Heparin in the
Non-Major Orthopaedic Setting: Meta-Analysis of Randomized Controlled Trials.
Arthroscopy: The Journal of Arthroscopic & Related Surgery 2014;30:987-96.
https://doi.org/10.1016/j.arthro.2014.03.009.

60



[78] Samama CM, Laporte S, Rosencher N, Girard P, Llau J, Mouret P, et al. Rivaroxaban
or Enoxaparin in Nonmajor Orthopedic Surgery. N Engl J Med 2020;382:1916-25.
https://doi.org/10.1056/NEJM0a1913808.

[79] Myers B, Webster A. Heavy menstrual bleeding on Rivaroxaban - Comparison with
Apixaban. Br J Haematol 2017;176:833-5. https://doi.org/10.1111/bjh.14003.

[80] Van Adrichem RA, Debeij J, Nelissen RGHH, Schipper IB, Rosendaal FR,
Cannegieter SC. Below-knee cast immobilization and the risk of venous thrombosis: results
from a large population-based case—control study. Journal of Thrombosis and Haemostasis
2014;12:1461-9. https://doi.org/10.1111/jth.12655.

[81] Gaskill T, Pullen M, Bryant B, Sicignano N, Evans AM, DeMaio M. The Prevalence
of Symptomatic Deep Venous Thrombosis and Pulmonary Embolism After Anterior Cruciate
Ligament Reconstruction. Am J Sports Med 2015;43:2714-9.
https://doi.org/10.1177/0363546515601970.

[82] Mancini MR, LeVasseur MR, Hawthorne BC, Marrero DE, Mazzocca AD. VVenous
thromboembolism complications in shoulder surgery: current concepts. Journal of ISAKOS
2021;6:283-9. https://doi.org/10.1136/jisakos-2020-000538.

[83] Richey JM, Ritterman Weintraub ML, Schuberth JM. Incidence and Risk Factors of
Symptomatic Venous Thromboembolism Following Foot and Ankle Surgery. Foot Ankle Int
2019;40:98-104. https://doi.org/10.1177/1071100718794851.

[84] Van Adrichem RA, Nemeth B, Algra A, Le Cessie S, Rosendaal FR, Schipper IB, et
al. Thromboprophylaxis after Knee Arthroscopy and Lower-Leg Casting. N Engl J Med
2017;376:515-25. https://doi.org/10.1056/NEJM0a1613303.

[85] Major Extremity Trauma Research Consortium (METRC). Aspirin or Low-Molecular-
Weight Heparin for Thromboprophylaxis after a Fracture. N Engl J Med 2023;388:203-13.
https://doi.org/10.1056/NEJM0a2205973.

[86] J Lapidus L, Ponzer S, Elvin A, Levander C, Larfars G, Rosfors S, et al. Prolonged
thromboprophylaxis with Dalteparin during immobilization after ankle fracture surgery: A
randomized placebo-controlled, double-blind study. Acta Orthopaedica 2007;78:528-35.
https://doi.org/10.1080/17453670710014185.

[87] Camporese G, Bernardi E, Prandoni P, Noventa F, Verlato F, Simioni P, et al. Low-
Molecular-Weight Heparin versus Compression Stockings for Thromboprophylaxis after
Knee Arthroscopy: A Randomized Trial. Ann Intern Med 2008;149:73.
https://doi.org/10.7326/0003-4819-149-2-200807150-00003.

[88] Prévention de la maladie thromboembolique veineuse périopératoire et obstétricale.
Annales Francgaises d’ Anesthésie et de Réanimation 2005;24:952-76.
https://doi.org/10.1016/j.annfar.2005.06.012.

[89] Mallick S, Aiken T, Varley P, Abbott D, Tzeng C-W, Weber S, et al. Readmissions
From Venous Thromboembolism After Complex Cancer Surgery. JAMA Surg 2022;157:312.
https://doi.org/10.1001/jamasurg.2021.7126.

[90] Tikkinen KAO, Craigie S, Agarwal A, Violette PD, Novara G, Cartwright R, et al.
Procedure-specific Risks of Thrombosis and Bleeding in Urological Cancer Surgery:
Systematic Review and Meta-analysis. European Urology 2018;73:242-51.
https://doi.org/10.1016/j.eururo.2017.03.008.

[91] Tikkinen KAO, Craigie S, Agarwal A, Siemieniuk RAC, Cartwright R, Violette PD, et
al. Procedure-specific Risks of Thrombosis and Bleeding in Urological Non-cancer Surgery:
Systematic Review and Meta-analysis. European Urology 2018;73:236-41.
https://doi.org/10.1016/j.eururo.2017.02.025.

[92] Swift BE, Maeda A, Bouchard-Fortier G. Low incidence of venous thromboembolism
after gynecologic oncology surgery: Who is at greatest risk? Gynecologic Oncology
2022;164:311-7. https://doi.org/10.1016/j.ygyno.2021.12.011.

61



[93] Graul A, Latif N, Zhang X, Dean LT, Morgan M, Giuntoli R, et al. Incidence of
Venous Thromboembolism by Type of Gynecologic Malignancy and Surgical Modality in the
National Surgical Quality Improvement Program: International Journal of Gynecological
Cancer 2017;27:581-7. https://doi.org/10.1097/1GC.0000000000000912.

[94] LiS, Bercow AS, Falzone M, Kalyanaraman R, Worley MJ, Feltmate CM, et al. Risk
of venous thromboembolism for ovarian cancer patients during first-line therapy after
implementation of an Enhanced Recovery After Surgery (ERAS) protocol. Gynecologic
Oncology 2021;162:353-9. https://doi.org/10.1016/j.ygyno.2021.05.032.

[95] Metcalf RL, Fry DJ, Swindell R, McGurk A, Clamp AR, Jayson GC, et al.
Thrombosis in ovarian cancer: a case control study. Br J Cancer 2014;110:1118-24.
https://doi.org/10.1038/bjc.2014.3.

[96] Bergqvist D, Agnelli G, Cohen AT, Eldor A, Nilsson PE, Le Moigne-Amrani A, et al.
Duration of Prophylaxis against Venous Thromboembolism with Enoxaparin after Surgery for
Cancer. N Engl J Med 2002;346:975-80. https://doi.org/10.1056/NEJM0a012385.

[97] Vedovati MC, Becattini C, Rondelli F, Boncompagni M, Camporese G, Balzarotti R,
et al. A Randomized Study on 1-Week Versus 4-Week Prophylaxis for Venous
Thromboembolism After Laparoscopic Surgery for Colorectal Cancer. Annals of Surgery
2014;259:665-9. https://doi.org/10.1097/SLA.0000000000000340.

[98] Rasmussen MS, Jorgensen LN, Wille-Jorgensen P, Nielsen JD, Horn A, Mohn AC, et
al. Prolonged prophylaxis with dalteparin to prevent late thromboembolic complications in
patients undergoing major abdominal surgery: a multicenter randomized open-label study.
Journal of Thrombosis and Haemostasis 2006;4:2384—90. https://doi.org/10.1111/].1538-
7836.2006.02153.x.

[99] Felder S, Rasmussen MS, King R, Sklow B, Kwaan M, Madoff R, et al. Prolonged
thromboprophylaxis with low molecular weight heparin for abdominal or pelvic surgery.
Cochrane Database of Systematic Reviews 2019;2020.
https://doi.org/10.1002/14651858.CD004318.pubb.

[100] Kbnoll W, Fergusson N, Ivankovic V, Wang T-F, Caiano L, Auer R, et al. Extended
thromboprophylaxis following major abdominal/pelvic cancer-related surgery: A systematic
review and meta-analysis of the literature. Thrombosis Research 2021;204:114-22.
https://doi.org/10.1016/j.thromres.2021.06.010.

[101] Kumar A, Talwar A, Farley JF, Muzumdar J, Schommer JC, Balkrishnan R, et al.
Fondaparinux Sodium Compared With Low-Molecular-Weight Heparins for Perioperative
Surgical Thromboprophylaxis: A Systematic Review and Meta-analysis. JAHA
2019;8:e012184. https://doi.org/10.1161/JAHA.119.012184.

[102] Dong K, Song Y, Li X, Ding J, Gao Z, Lu D, et al. Pentasaccharides for the prevention
of venous thromboembolism. Cochrane Database of Systematic Reviews 2016;2016.
https://doi.org/10.1002/14651858.CD005134.pub3.

[103] Becattini C, Pace U, Pirozzi F, Donini A, Avruscio G, Rondelli F, et al. Rivaroxaban
vs placebo for extended antithrombotic prophylaxis after laparoscopic surgery for colorectal
cancer. Blood 2022;140:900-8. https://doi.org/10.1182/blood.2022015796.

[104] Guntupalli SR, Brennecke A, Behbakht K, Tayebnejad A, Breed CA, Babayan LM, et
al. Safety and Efficacy of Apixaban vs Enoxaparin for Preventing Postoperative VVenous
Thromboembolism in Women Undergoing Surgery for Gynecologic Malignant Neoplasm: A
Randomized Clinical Trial. JAMA Netw Open 2020;3:e207410.
https://doi.org/10.1001/jamanetworkopen.2020.7410.

[105] Violette PD, Cartwright R, Devereaux PJ, Gross PL, Kaukonen K-M, Sandset PM, et
al. ARTS: A Large, International Trial of Thromboprophylaxis in Intra-abdominal,
Gynecologic, and Urologic Surgery. European Urology Focus 2021;7:1222-5.
https://doi.org/10.1016/j.euf.2021.08.010.

62



[106] Bergqvist D. Low-molecular-weight heparin for the prevention of postoperative
venous thromboembolism after abdominal surgery: a review: Current Opinion in Pulmonary
Medicine 2005;11:392-7. https://doi.org/10.1097/01.mcp.0000174233.55348.16.

[107] Lavikainen LI, Guyatt GH, Kalliala IEJ, Cartwright R, Luomaranta AL, Vernooij
RWM, et al. Risk of thrombosis and bleeding in gynecologic noncancer surgery: systematic
review and meta-analysis. American Journal of Obstetrics and Gynecology 2024;230:390—
402. https://doi.org/10.1016/j.ajog.2023.11.1255.

[108] Lavikainen LI, Guyatt GH, Luomaranta AL, Cartwright R, Kalliala IEJ, Couban RJ, et
al. Risk of thrombosis and bleeding in gynecologic cancer surgery: systematic review and
meta-analysis. American Journal of Obstetrics and Gynecology 2024;230:403-16.
https://doi.org/10.1016/j.ajog.2023.10.006.

[109] Mismetti P, Laporte S, Darmon J-Y, Buchmudller A, Decousus H. Meta-analysis of low
molecular weight heparin in the prevention of venous thromboembolism in general surgery.
British Journal of Surgery 2002;88:913-30. https://doi.org/10.1046/j.0007-
1323.2001.01800.x.

[110] Riber C, Alstrup N, Nymann T, Bogstad JW, Wille-Jargensen P, Tannesen H.
Postoperative thromboembolism after day-case herniorrhaphy. British Journal of Surgery
2005;83:420-1. https://doi.org/10.1002/bjs.1800830341.

[111] Rondelli F, Manina G, Agnelli G, Becattini C. Venous thromboembolism after
laparoscopic cholecystectomy: clinical burden and prevention. Surg Endosc 2013;27:1860-4.
https://doi.org/10.1007/s00464-012-2717-2.

[112] Jorgensen EM, Li A, Modest AM, Leung K, Moore Simas TA, Hur H-C. Incidence of
Venous Thromboembolism After Different Modes of Gynecologic Surgery. Obstetrics &
Gynecology 2018;132:1275-84. https://doi.org/10.1097/A0G.0000000000002918.

[113] Moulder JK, Moore KJ, Strassle PD, Louie M. Effect of length of surgery on the
incidence of venous thromboembolism after benign hysterectomy. American Journal of
Obstetrics and Gynecology 2021;224:364.e1-364.e7.
https://doi.org/10.1016/j.ajog.2020.10.007.

[114] Mulder FI, Horvéth-Puho E, Van Es N, Van Laarhoven HWM, Pedersen L, Moik F, et
al. Venous thromboembolism in cancer patients: a population-based cohort study. Blood
2021;137:1959-69. https://doi.org/10.1182/blood.2020007338.

[115] Agnelli G, Bolis G, Capussotti L, Scarpa RM, Tonelli F, Bonizzoni E, et al. A Clinical
Outcome-Based Prospective Study on VVenous Thromboembolism After Cancer Surgery: The
@RISTOS Project. Annals of Surgery 2006;243:89-95.
https://doi.org/10.1097/01.s1a.0000193959.44677.48.

[116] Samama C-M, Boubli L, Coloby P, Debourdeau P, Gruel Y, Mariette C, et al. Venous
thromboembolism prophylaxis in patients undergoing abdominal or pelvic surgery for cancer
— A real-world, prospective, observational French study: PREOBS. Thrombosis Research
2014;133:985-92. https://doi.org/10.1016/j.thromres.2013.10.038.

[117] Fagarasanu A, Alotaibi GS, Hrimiuc R, Lee AYY, Wu C. Role of Extended
Thromboprophylaxis After Abdominal and Pelvic Surgery in Cancer Patients: A Systematic
Review and Meta-Analysis. Ann Surg Oncol 2016;23:1422-30.
https://doi.org/10.1245/s10434-016-5127-1.

[118] McAlpine K, Breau RH, Carrier M, Violette PD, Knee C, Cagiannos I, et al.
Thromboprophylaxis practice patterns and beliefs among physicians treating patients with
abdominopelvic cancers at a Canadian centre. Cjs 2020;63:E562-8.
https://doi.org/10.1503/cjs.0152109.

[119] Al-Samkari H, Connors JM. Managing the competing risks of thrombosis, bleeding,
and anticoagulation in patients with malignancy. Hematology 2019;2019:71-9.
https://doi.org/10.1182/hematology.2019000369.

63



[120] Klemen ND, Feingold PL, Hashimoto B. How Strong Is the Evidence Supporting
Thromboprophylaxis in Surgical Oncology? JCO 2022;40:320-3.
https://doi.org/10.1200/JC0.21.01934.

[121] Di Nisio M, Candeloro M, Rutjes AWS, Porreca E. Venous thromboembolism in
cancer patients receiving neoadjuvant chemotherapy: a systematic review and meta-analysis.
Journal of Thrombosis and Haemostasis 2018;16:1336-46. https://doi.org/10.1111/jth.14149.
[122] Beal EW, Pawlik TM. Which Patients Require Extended Thromboprophylaxis After
Colectomy? Modeling Risk and Assessing Indications for Post-discharge
Pharmacoprophylaxis: Reply. World j Surg 2018;42:3460-1. https://doi.org/10.1007/s00268-
018-4549-2.

[123] Tzeng CD, Curley SA, Vauthey J, Aloia TA. Distinct predictors of pre- versus post-
discharge venous thromboembolism after hepatectomy: analysis of 7621 NSQIP patients.
HPB 2013;15:773-80. https://doi.org/10.1111/hpb.12130.

[124] Hachey KJ, Hewes PD, Porter LP, Ridyard DG, Rosenkranz P, McAneny D, et al.
Caprini venous thromboembolism risk assessment permits selection for postdischarge
prophylactic anticoagulation in patients with resectable lung cancer. The Journal of Thoracic
and Cardiovascular Surgery 2016;151:37-44.el. https://doi.org/10.1016/j.jtcvs.2015.08.039.
[125] ShiJ, Ye J, Zhuang X, Cheng X, Fu R, Zhao A. Application value of Caprini risk
assessment model and elevated tumor-specific D-dimer level in predicting postoperative
venous thromboembolism for patients undergoing surgery of gynecologic malignancies. J of
Obstet and Gynaecol 2019;45:657—64. https://doi.org/10.1111/jog.13832.

[126] Lu X, Zeng W, Zhu L, Liu L, Du F, Yang Q. Application of the Caprini risk
assessment model for deep vein thrombosis among patients undergoing laparoscopic surgery
for colorectal cancer. Medicine 2021;100:e24479.
https://doi.org/10.1097/MD.0000000000024479.

[127] Eun Kim N, Conway-Pearson L, Kavanah M, Mendez J, Sachs TF, Drake TF, et al.
Standardized Risk Assessment and Risk-Stratified Venous Thromboembolism Prophylaxis for
Patients Undergoing Breast Operation. Journal of the American College of Surgeons
2020;230:947-55. https://doi.org/10.1016/j.jamcollsurg.2019.11.010.

[128] Walker AJ, West J, Card TR, Crooks C, Kirwan CC, Grainge MJ. When are breast
cancer patients at highest risk of venous thromboembolism? A cohort study using English
health care data. Blood 2016;127:849-57. https://doi.org/10.1182/blood-2015-01-625582.
[129] The American Society of Breast Surgeons. Consensus Guideline on Venous
Thromboembolism (VTE) Prophylaxis for Patients Undergoing Breast Operations n.d.

[130] Londero AP, Bertozzi S, Cedolini C, Neri S, Bulfoni M, Orsaria M, et al. Incidence
and Risk Factors for Venous Thromboembolism in Female Patients Undergoing Breast
Surgery. Cancers 2022;14:988. https://doi.org/10.3390/cancers14040988.

[131] Clahsen PC, Van De Velde CJ, Julien JP, Floiras JL, Mignolet FY. Thromboembolic
complications after perioperative chemotherapy in women with early breast cancer: a
European Organization for Research and Treatment of Cancer Breast Cancer Cooperative
Group study. JCO 1994;12:1266-71. https://doi.org/10.1200/JC0.1994.12.6.1266.

[132] Castaldi M, George G, Stoller C, Parsikia A, McNelis J. Independent Predictors of
Venous Thromboembolism in Patients Undergoing Reconstructive Breast Cancer Surgery.
Plast Surg (Oakv) 2021;29:160-8. https://doi.org/10.1177/2292550320967397.

[133] Albertsen IE, Lyhne NM, Larsen TB, Nielsen PB. Incidence of venous
thromboembolism following head and neck surgery. Eur Arch Otorhinolaryngol
2023;280:5081-9. https://doi.org/10.1007/s00405-023-08112-8.

[134] Moubayed SP, Eskander A, Mourad MW, Most SP. Systematic review and meta-
analysis of venous thromboembolism in otolaryngology—head and neck surgery. Head &
Neck 2017;39:1249-58. https://doi.org/10.1002/hed.24758.

64



[135] Cramer JD, Shuman AG, Brenner MJ. Antithrombotic Therapy for Venous
Thromboembolism and Prevention of Thrombosis in Otolaryngology—Head and Neck
Surgery: State of the Art Review. Otolaryngol--Head Neck Surg 2018;158:627—36.
https://doi.org/10.1177/0194599818756599.

[136] Shargall Y, Wiercioch W, Brunelli A, Murthy S, Hofstetter W, Lin J, et al. Joint 2022
European Society of Thoracic Surgeons and The American Association for Thoracic Surgery
guidelines for the prevention of cancer-associated venous thromboembolism in thoracic
surgery. The Journal of Thoracic and Cardiovascular Surgery 2023;165:794-824.e6.
https://doi.org/10.1016/j.jtcvs.2022.05.041.

[137] Batchelor TJP, Rasburn NJ, Abdelnour-Berchtold E, Brunelli A, Cerfolio RJ,
Gonzalez M, et al. Guidelines for enhanced recovery after lung surgery: recommendations of
the Enhanced Recovery After Surgery (ERAS®) Society and the European Society of
Thoracic Surgeons (ESTS). European Journal of Cardio-Thoracic Surgery 2019;55:91-115.
https://doi.org/10.1093/ejcts/ezy301.

[138] Shargall Y, Schneider L, Linkins L-A, Crowther M, Farrokhyar F, Waddell TK, et al.
Double Blind Pilot Randomized Trial Comparing Extended Anticoagulation to Placebo
Following Major Lung Resection for Cancer. Seminars in Thoracic and Cardiovascular
Surgery 2021;33:1123-34. https://doi.org/10.1053/j.semtcvs.2021.02.032.

[139] Abdul SA, Anstee C, Villeneuve PJ, Gilbert S, Seely AJE, Sundaresan S, et al. Are
sequential compression devices routinely necessary following enhanced recovery after
thoracic surgery? Interactive CardioVascular and Thoracic Surgery 2022;35:ivac165.
https://doi.org/10.1093/icvts/ivac165.

[140] Bellomy ML, Engoren MC, Martin BJ, Shi Y, Shotwell MS, Hughes CG, et al. The
Attributable Mortality of Postoperative Bleeding Exceeds the Attributable Mortality of
Postoperative Venous Thromboembolism. Anesthesia & Analgesia 2021;132:82-8.
https://doi.org/10.1213/ANE.0000000000004989.

[141] Haykal T, Zayed Y, Kerbage J, Deliwala S, Long CA, Ortel TL. Meta-analysis and
systematic review of randomized controlled trials assessing the role of thromboprophylaxis
after vascular surgery. Journal of Vascular Surgery: Venous and Lymphatic Disorders
2022;10:767-777.e3. https://doi.org/10.1016/j.jvsv.2021.08.019.

[142] Bonaca MP, Bauersachs RM, Anand SS, Debus ES, Nehler MR, Patel MR, et al.
Rivaroxaban in Peripheral Artery Disease after Revascularization. N Engl J Med
2020;382:1994-2004. https://doi.org/10.1056/NEJM0a2000052.

[143] Twine CP, Kakkos SK, Aboyans V, Baumgartner I, Behrendt C-A, Bellmunt-Montoya
S, et al. Editor’s Choice — European Society for Vascular Surgery (ESVS) 2023 Clinical
Practice Guidelines on Antithrombotic Therapy for Vascular Diseases. European Journal of
Vascular and Endovascular Surgery 2023;65:627—-89.
https://doi.org/10.1016/j.ejvs.2023.03.042.

[144] Nickles MA, Ennis WJ, O’Donnell TF, Altman IA. Compression therapy in peripheral
artery disease: a literature review. J Wound Care 2023;32:525-30.
https://doi.org/10.12968/jowc.2023.32.Sup5.525.

[145] Alameer A, Aherne T, Naughton P, Aly S, McHugh S, Moneley D, et al. Peri-
procedural thromboprophylaxis in the prevention of DVT in varicose vein interventions: A
systematic review and meta-analysis. The Surgeon 2022;20:e392-404.
https://doi.org/10.1016/j.surge.2022.04.002.

[146] Turner BRH, Machin M, Jasionowska S, Salim S, Onida S, Shalhoub J, et al.
Systematic Review and Meta-analysis of the Additional Benefit of Pharmacological
Thromboprophylaxis for Endovenous Varicose Vein Interventions. Annals of Surgery
2023;278:166-71. https://doi.org/10.1097/SLA.0000000000005709.

[147] Wang H, Sun Z, Jiang W, Zhang Y, Li X, Wu Y. Postoperative prophylaxis of venous

65



thromboembolism (VTE) in patients undergoing high ligation and stripping of the great
saphenous vein (GSV). Vasc Med 2015;20:117-21.
https://doi.org/10.1177/1358863X14564592.

[148] Keo HH, Knoechel J, Diehm N, Kalka C, Staub D, Gaehwiler R, et al. Venous
thrombosis following endovenous laser ablation with and without thromboprophylaxis.
Journal of Vascular Surgery: Venous and Lymphatic Disorders 2024;12:101656.
https://doi.org/10.1016/j.jvsv.2022.08.015.

[149] Kakkar AK, Brenner B, Dahl OE, Eriksson Bl, Mouret P, Muntz J, et al. Extended
duration rivaroxaban versus short-term enoxaparin for the prevention of venous
thromboembolism after total hip arthroplasty: a double-blind, randomised controlled trial. The
Lancet 2008;372:31-9. https://doi.org/10.1016/S0140-6736(08)60880-6.

[150] Hanna-Sawires RG, Groen JV, Klok FA, Tollenaar RAEM, Mesker WE, Swijnenburg
RJ, et al. Outcomes following pancreatic surgery using three different thromboprophylaxis
regimens. British Journal of Surgery 2019;106:765-73. https://doi.org/10.1002/bjs.11103.
[151] White RH, Romano PS, Zhou H, Rodrigo J, Bargar W. Incidence and Time Course of
Thromboembolic Outcomes Following Total Hip or Knee Arthroplasty. Arch Intern Med
1998;158:1525. https://doi.org/10.1001/archinte.158.14.1525.

[152] Sanchez O, Benhamou Y, Bertoletti L, Constant J, Couturaud F, Delluc A, et al.
Recommandations de bonne pratique pour la prise en charge de la maladie veineuse
thromboembolique chez 1’adulte. Version courte. Revue des Maladies Respiratoires
2019;36:249-83. https://doi.org/10.1016/j.rmr.2019.01.003.

[153] Hansen CT, Kehlet H, Mgller C, Mgrch L, Utzon J, Ottesen B. Timing of heparin
prophylaxis and bleeding complications in hysterectomy a nationwide prospective cohort
study of 9,949 Danish women. Acta Obstet Gynecol Scand 2008;87:1039-47.
https://doi.org/10.1080/00016340802419384.

[154] Klonis C, Ashraf H, Cabalag CS, Wong DJ, Stevens SG, Liu DS. Optimal Timing of
Perioperative Chemical Thromboprophylaxis in Elective Major Abdominal Surgery: A
Systematic Review and Meta-analysis. Annals of Surgery 2023;277:904-11.
https://doi.org/10.1097/SLA.0000000000005764.

[155] McAlpine K, Breau RH, Werlang P, Carrier M, Le Gal G, Fergusson DA, et al.
Timing of Perioperative Pharmacologic Thromboprophylaxis Initiation and its Effect on
Venous Thromboembolism and Bleeding Outcomes: A Systematic Review and Meta-
Analysis. Journal of the American College of Surgeons 2021;233:619-31.
https://doi.org/10.1016/j.jamcollsurg.2021.07.687.

[156] Strebel N, Prins M, Agnelli G, Biiller HR. Preoperative or Postoperative Start of
Prophylaxis for Venous Thromboembolism With Low-Molecular-Weight Heparin in Elective
Hip Surgery? Arch Intern Med 2002;162:1451. https://doi.org/10.1001/archinte.162.13.1451.
[157] LiuF, Chu X, Huang J, Tian K, Hua J, Tong P. Administration of enoxaparin 24 h
after total knee arthroplasty: safer for bleeding and equally effective for deep venous
thrombosis prevention. Arch Orthop Trauma Surg 2014;134:679-83.
https://doi.org/10.1007/s00402-014-1939-2.

[158] Colwell CW, Kwong LM, Turpie AGG, Davidson BL. Flexibility in Administration of
Fondaparinux for Prevention of Symptomatic Venous Thromboembolism in Orthopaedic
Surgery. The Journal of Arthroplasty 2006;21:36-45.
https://doi.org/10.1016/j.arth.2005.05.023.

[159] Haas S, Holberg G, Kreutz R, Lassen MR, Mantovani L, Haupt V, et al. The effects of
timing of prophylaxis, type of anesthesia, and use of mechanical methods on outcome in
major orthopedic surgery - subgroup analyses from 17,701 patients in the XAMOS study.
VHRM 2016:209. https://doi.org/10.2147/\VHRM.S100293.

[160] Caldeira D, Rodrigues FB, Pinto FJ, Ferreira JJ, Costa J. Thromboprophylaxis With

66



Apixaban in Patients Undergoing Major Orthopedic Surgery: Meta-Analysis and Trial-
Sequential Analysis. Clinical Medicine Insights: Blood Disorders
2017;10:1179545X1770466. https://doi.org/10.1177/1179545X17704660.

[161] Effectiveness of intermittent pneumatic compression in reduction of risk of deep vein
thrombosis in patients who have had a stroke (CLOTS 3): a multicentre randomised
controlled trial. The Lancet 2013;382:516-24. https://doi.org/10.1016/S0140-6736(13)61050-
8.

[162] Lott N, Robb F, Nolan E, Attia J, Reeves P, Gani J, et al. Efficacy of intermittent
compression devices for thromboembolic prophylaxis in major abdominal surgery: a
systematic review and meta-analysis. ANZ Journal of Surgery 2022;92:2926-34.
https://doi.org/10.1111/ans.18101.

[163] Prell J, Schenk G, Taute B-M, Scheller C, Marquart C, Strauss C, et al. Reduced risk
of venous thromboembolism with the use of intermittent pneumatic compression after
craniotomy: a randomized controlled prospective study. Journal of Neurosurgery
2019;130:622-8. https://doi.org/10.3171/2017.9.JNS17533.

[164] Wang X, Song S, Ni R, Lu M, Mao Y. Effectiveness of intraoperative administration
of intermittent pneumatic compression in preventing deep vein thrombosis in lung cancer
patients undergoing video-assisted thoracoscopic surgery lobectomy. J Thorac Dis
2019;11:2832-8. https://doi.org/10.21037/jtd.2019.07.07.

[165] Jung YJ, Seo HS, Park CH, Jeon HM, Kim J-1, Yim HW, et al. VVenous
Thromboembolism Incidence and Prophylaxis Use After Gastrectomy Among Korean
Patients With Gastric Adenocarcinoma: The PROTECTOR Randomized Clinical Trial.
JAMA Surg 2018;153:939. https://doi.org/10.1001/jamasurg.2018.2081.

[166] Duval C, Sirois C, Savoie-White FH, Tardif P-A, Bérubé M, Turgeon AF, et al. Effect
of Intermittent Pneumatic Compression in Addition to Pharmacologic Prophylaxis for
Thromboprophylaxis in Hospitalized Adult Patients: A Systematic Review and Meta-
Analysis. Critical Care Explorations 2022;4:e0769.
https://doi.org/10.1097/CCE.0000000000000769.

[167] Kakkos S, Kirkilesis G, Caprini JA, Geroulakos G, Nicolaides A, Stansby G, et al.
Combined intermittent pneumatic leg compression and pharmacological prophylaxis for
prevention of venous thromboembolism. Cochrane Database of Systematic Reviews
2022;2022. https://doi.org/10.1002/14651858.CD005258.pub4.

[168] Lobastov K, Sautina E, Alencheva E, Bargandzhiya A, Schastlivtsev I, Barinov V, et
al. Intermittent Pneumatic Compression in Addition to Standard Prophylaxis of Postoperative
Venous Thromboembolism in Extremely High-risk Patients (IPC SUPER): A Randomized
Controlled Trial. Annals of Surgery 2021;274:63-9.
https://doi.org/10.1097/SLA.0000000000004556.

[169] Eisele R, Kinzl L, Koelsch T. Rapid-Inflation Intermittent Pneumatic Compression for
Prevention of Deep Venous Thrombosis: The Journal of Bone & Joint Surgery 2007;89:1050—
6. https://doi.org/10.2106/JBJS.E.00434.

[170] Liu P, LiuJ, Chen L, Xia K, Wu X. Intermittent pneumatic compression devices
combined with anticoagulants for prevention of symptomatic deep vein thrombosis after total
knee arthroplasty: a pilot study. TCRM 2017;Volume 13:179-83.
https://doi.org/10.2147/TCRM.S129077.

[171] Wang Y, Huang D, Wang M, Liang Z. Can Intermittent Pneumatic Compression
Reduce the Incidence of Venous Thrombosis in Critically Il Patients: A Systematic Review
and Meta-Analysis. Clin Appl Thromb Hemost 2020;26:107602962091394.
https://doi.org/10.1177/1076029620913942.

[172] Arabi YM, Al-Hameed F, Burns KEA, Mehta S, Alsolamy SJ, Alshahrani MS, et al.
Adjunctive Intermittent Pneumatic Compression for Venous Thromboprophylaxis. N Engl J

67



Med 2019;380:1305-15. https://doi.org/10.1056/NEJM0al1816150.

[173] Sachdeva A, Dalton M, Lees T. Graduated compression stockings for prevention of
deep vein thrombosis. Cochrane Database of Systematic Reviews 2018;2019.
https://doi.org/10.1002/14651858.CD001484.pub4.

[174] Venous thromboembolism in over 16s: reducing the risk of hospital-acquired deep
vein thrombosis or pulmonary embolism | Guidance | NICE 2018.
https://www.nice.org.uk/guidance/ng89 (accessed July 12, 2024).

[175] Shalhoub J, Lawton R, Hudson J, Baker C, Bradbury A, Dhillon K, et al. Graduated
compression stockings as adjuvant to pharmaco-thromboprophylaxis in elective surgical
patients (GAPS study): randomised controlled trial. BMJ 2020:m13009.
https://doi.org/10.1136/bmj.m1309.

[176] Suna K, Herrmann E, Krdger K, Schmandra T, Miller E, Hanisch E, et al. Graduated
compression stockings in the prevention of postoperative pulmonary embolism. A propensity-
matched retrospective case-control study of 24 273 patients. Annals of Medicine and Surgery
2020;56:203-10. https://doi.org/10.1016/j.amsu.2020.06.034.

[177] Turner BRH, Machin M, Salih M, Jasionowska S, Lawton R, Siracusa F, et al. An
Updated Systematic Review and Meta-analysis of the Impact of Graduated Compression
Stockings in Addition to Pharmacological Thromboprophylaxis for Prevention of VVenous
Thromboembolism in Surgical Inpatients. Annals of Surgery 2024;279:29-36.
https://doi.org/10.1097/SLA.0000000000006096.

[178] Lim CS, Davies AH. Graduated compression stockings. CMAJ 2014;186:E391-8.
https://doi.org/10.1503/cmaj.131281.

[179] Alshagag HM, Al-Sharydah AM, Alshahrani MS, Algahtani SM, Amer M.
Prophylactic Inferior Vena Cava Filters for Venous Thromboembolism in Adults With
Trauma: An Updated Systematic Review and Meta-Analysis. J Intensive Care Med
2023;38:491-510. https://doi.org/10.1177/08850666231163141.

[180] Ikesaka R, Kaur B, Crowther M, Rajasekhar A. Efficacy and safety of pre-operative
insertion of inferior vena cava filter in patients undergoing bariatric surgery: a systematic
review. J Thromb Thrombolysis 2022;54:502—23. https://doi.org/10.1007/s11239-022-02689-
3.

[181] Sanchez O, Benhamou Y, Bertoletti L, Constans J, Couturaud F, Delluc A, et al.
Recommandations de bonne pratique pour la prise en charge de la maladie veineuse
thromboembolique chez I’adulte — Version longue. Revue des Maladies Respiratoires
2021;38:e1-6. https://doi.org/10.1016/j.rmr.2019.05.038.

[182] Balabhadra S, Kuban JD, Lee S, Yevich S, Metwalli Z, McCarthy CJ, et al.
Association of Inferior Vena Cava Filter Placement With Rates of Pulmonary Embolism in
Patients With Cancer and Acute Lower Extremity Deep Venous Thrombosis. JAMA Netw
Open 2020;3:€2011079. https://doi.org/10.1001/jamanetworkopen.2020.11079.

[183] Quezada A, Jiménez D, Bikdeli B, Muriel A, Aramberri M, Lopez-Jiménez L, et al.
Outcomes after Vena Cava Filter Use in Patients with Cancer-Associated Venous
Thromboembolism and Contraindications to Anticoagulation. Thromb Haemost
2020;120:1035-44. https://doi.org/10.1055/s-0040-1710589.

[184] The PREPIC Study Group. Eight-Year Follow-Up of Patients With Permanent Vena
Cava Filters in the Prevention of Pulmonary Embolism: The PREPIC (Prévention du Risque
d’Embolie Pulmonaire par Interruption Cave) Randomized Study. Circulation 2005;112:416—
22. https://doi.org/10.1161/CIRCULATIONAHA.104.512834.

[185] Mismetti P, Laporte S, Pellerin O, Ennezat P-V, Couturaud F, Elias A, et al. Effect of
a Retrievable Inferior Vena Cava Filter Plus Anticoagulation vs Anticoagulation Alone on
Risk of Recurrent Pulmonary Embolism: A Randomized Clinical Trial. JAMA
2015;313:1627. https://doi.org/10.1001/jama.2015.3780.

68



[186] Kostadinov D, Tzivanakis A, Ubhayakar G, Dixon S, Helyar V, Dayal SP, et al.
Indications and long-term outcomes of preoperative inferior vena caval filters in 111 patients
at high risk of pulmonary embolism undergoing major abdominal surgery. Colorectal Disease
2021;23:1982-8. https://doi.org/10.1111/codi.15767.

[187] Litwin RJ, Huang SY, Sabir SH, Hoang QB, Ahrar K, Ahrar J, et al. Impact of an
inferior vena cava filter retrieval algorithm on filter retrieval rates in a cancer population.
Journal of Vascular Surgery: Venous and Lymphatic Disorders 2017;5:689-97.
https://doi.org/10.1016/j.jvsv.2017.05.017.

[188] Pavord S, Myers B. Bleeding and thrombotic complications of kidney disease. Blood
Reviews 2011;25:271-8. https://doi.org/10.1016/j.blre.2011.07.001.

[189] Wattanakit K, Cushman M, Stehman-Breen C, Heckbert SR, Folsom AR. Chronic
Kidney Disease Increases Risk for Venous Thromboembolism. Journal of the American
Society of Nephrology 2008;19:135-40. https://doi.org/10.1681/ASN.2007030308.

[190] Liao Y-C, Chang C-C, Chen C-Y, Liu C-C, Liao C-C, Shih Y-RV, et al. Preoperative
renal insufficiency predicts postoperative adverse outcomes in a mixed surgical population: a
retrospective matched cohort study using the NSQIP database. International Journal of
Surgery 2023;109:752-9. https://doi.org/10.1097/JS9.0000000000000278.

[191] Acedillo RR, Shah M, Devereaux PJ, Li L, lansavichus AV, Walsh M, et al. The Risk
of Perioperative Bleeding in Patients With Chronic Kidney Disease: A Systematic Review
and Meta-Analysis. Annals of Surgery 2013;258:901-13.
https://doi.org/10.1097/SLA.0000000000000244.

[192] Oger E, Bressollette L, Nonent M, Lacut K, Guias B, Couturaud F, et al. High
prevalence of asymptomatic deep vein thrombosis on admission in a medical unit among
elderly patients. Thromb Haemost 2002;88:592-7.

[193] Chamoun N, Ghanem H, Hachem A, Hariri E, Lteif C, Mansour H, et al. Evaluation of
prophylactic dosages of Enoxaparin in non-surgical elderly patients with renal impairment.
BMC Pharmacol Toxicol 2019;20:27. https://doi.org/10.1186/s40360-019-0308-8.

[194] Mahé I, Aghassarian M, Drouet L, Bal Dit-Sollier C, Lacut K, Heilmann J-J, et al.
Tinzaparin and enoxaparin given at prophylactic dose for eight days in medical elderly
patients with impaired renal function: a comparative pharmacokinetic study. Thromb Haemost
2007;97:581-6.

[195] Sanderink G-JCM, Guimart CG, Ozoux M-L, Jariwala NU, Shukla UA, Boutouyrie
BX. Pharmacokinetics and pharmacodynamics of the prophylactic dose of enoxaparin once
daily over 4 days in patients with renal impairment. Thrombosis Research 2002;105:225-31.
https://doi.org/10.1016/S0049-3848(02)00031-2.

[196] Bauersachs R, Schellong S, Haas S, Tebbe U, Gerlach H-E, Abletshauser C, et al.
CERTIFY: Prophylaxis of venous thromboembolism in patients with severe renal
insufficiency. Thromb Haemost 2011;105:981-8. https://doi.org/10.1160/TH10-09-0614.
[197] Pai M, Adhikari NKJ, Ostermann M, Heels-Ansdell D, Douketis JD, Skrobik Y, et al.
Low-molecular-weight heparin venous thromboprophylaxis in critically ill patients with renal
dysfunction: A subgroup analysis of the PROTECT trial. PLoS ONE 2018;13:e0198285.
https://doi.org/10.1371/journal.pone.0198285.

[198] Gruel Y, De Maistre E, Pouplard C, Mullier F, Susen S, Roullet S, et al. Diagnosis and
management of heparin-induced thrombocytopenia. Anaesthesia Critical Care & Pain
Medicine 2020;39:291-310. https://doi.org/10.1016/j.accpm.2020.03.012.

[199] Phung OJ, Kahn SR, Cook DJ, Murad MH. Dosing Frequency of Unfractionated
Heparin Thromboprophylaxis. Chest 2011;140:374-81. https://doi.org/10.1378/chest.10-
3084.

[200] Sorgi MW, Roach E, Bauer SR, Bass S, Militello M, Welch S, et al. Effectiveness and
Safety of Twice Daily Versus Thrice Daily Subcutaneous Unfractionated Heparin for Venous

69



Thromboembolism Prophylaxis at a Tertiary Medical Center. Journal of Pharmacy Practice
2022;35:190-6. https://doi.org/10.1177/0897190020961210.

[201] Rocca B, Fox KAA, Ajjan RA, Andreotti F, Baigent C, Collet J-P, et al.
Antithrombotic therapy and body mass: an expert position paper of the ESC Working Group
on Thrombosis. European Heart Journal 2018;39:1672—1686f.
https://doi.org/10.1093/eurheartj/ehy066.

[202] Pahlkotter MK, Mohidul S, Moen MR, Digney BW, Holmes S, Muertos K, et al. BMI
and VTE Risk in Emergency General Surgery, Does Size Matter?: An ACS-NSQIP Database
Analysis. The American Surgeon 2020;86:1660-5.
https://doi.org/10.1177/0003134820940272.

[203] Parkin L, Sweetland S, Balkwill A, Green J, Reeves G, Beral V. Body Mass Index,
Surgery, and Risk of Venous Thromboembolism in Middle-Aged Women: A Cohort Study.
Circulation 2012;125:1897-904. https://doi.org/10.1161/CIRCULATIONAHA.111.063354.
[204] Winegar DA, Sherif B, Pate V, DeMaria EJ. Venous thromboembolism after bariatric
surgery performed by Bariatric Surgery Center of Excellence Participants: analysis of the
Bariatric Outcomes Longitudinal Database. Surgery for Obesity and Related Diseases
2011;7:181-8. https://doi.org/10.1016/j.s0ard.2010.12.008.

[205] Almarshad FM, Almegren M, Alshuaibi T, Alobaodi N, Almutawa A, Basunbl H, et
al. Thromboprophylaxis after bariatric surgery. Blood Res 2020;55:44-8.
https://doi.org/10.5045/br.2020.55.1.44.

[206] Altawil E, Alkofide H, Almohaini H, Alobeed A, Alhossan A. The use of enoxaparin
as venous thromboembolism prophylaxis in bariatric surgery: A retrospective cohort study.
Saudi Pharmaceutical Journal 2022;30:1473-8. https://doi.org/10.1016/j.jsps.2022.07.008.
[207] Tseng EK, Kolesar E, Handa P, Douketis JD, Anvari M, Tiboni M, et al. Weight-
adjusted tinzaparin for the prevention of venous thromboembolism after bariatric surgery.
Journal of Thrombosis and Haemostasis 2018;16:2008-15. https://doi.org/10.1111/jth.14263.
[208] Daigle CR, Brethauer SA, Tu C, Petrick AT, Morton JM, Schauer PR, et al. Which
postoperative complications matter most after bariatric surgery? Prioritizing quality
improvement efforts to improve national outcomes. Surgery for Obesity and Related Diseases
2018;14:652-7. https://doi.org/10.1016/j.soard.2018.01.008.

[209] O’Connor K, Garcia Whitlock AE, Tewksbury C, Williams NN, Dumon KR. Risk
factors for postdischarge venous thromboembolism among bariatric surgery patients and the
evolving approach to extended thromboprophylaxis with enoxaparin. Surgery for Obesity and
Related Diseases 2021;17:1218-25. https://doi.org/10.1016/j.soard.2021.02.023.

[210] Thereaux J, Lesuffleur T, Czernichow S, Basdevant A, Msika S, Nocca D, et al. To
What Extent Does Posthospital Discharge Chemoprophylaxis Prevent VVenous
Thromboembolism After Bariatric Surgery?: Results From a Nationwide Cohort of More
Than 110,000 Patients. Annals of Surgery 2018;267:727-33.
https://doi.org/10.1097/SLA.0000000000002285.

[211] Wesley Vosburg R, Haque O, Roth E. Robotic vs. Laparoscopic Metabolic and
Bariatric Surgery, Outcomes over 5 Years in Nearly 800,000 Patients. OBES SURG
2022;32:2341-8. https://doi.org/10.1007/s11695-022-06082-0.

[212] Abdelsalam AM, ElAnsary AMSE, Salman MA, Nassef SA, Elfergany HM, Aisha
HAA. Adding a Preoperative Dose of LMWH may Decrease VTE Following Bariatric
Surgery. World j Surg 2021;45:126-31. https://doi.org/10.1007/s00268-020-05782-X.

[213] Altieri MS, Yang J, Hajagos J, Spaniolas K, Park J, Gasparis AP, et al. Evaluation of
VTE prophylaxis and the impact of alternate regimens on post-operative bleeding and
thrombotic complications following bariatric procedures. Surg Endosc 2018;32:4805-12.
https://doi.org/10.1007/s00464-018-6231-z.

[214] Brunetti L, Wassef A, Sadek R, Deshpande K, Ziegler J, Na SS, et al. Anticoagulant

70



activity of enoxaparin and unfractionated heparin for venous thromboembolism prophylaxis
in obese patients undergoing sleeve gastrectomy. Surgery for Obesity and Related Diseases
2019;15:363-73. https://doi.org/10.1016/j.s0ard.2018.12.014.

[215] Birkmeyer NJO, Finks JF, Carlin AM, Chengelis DL, Krause KR, Hawasli AA, et al.
Comparative Effectiveness of Unfractionated and Low-Molecular-Weight Heparin for
Prevention of Venous Thromboembolism Following Bariatric Surgery. Arch Surg
2012;147:994. https://doi.org/10.1001/archsurg.2012.2298.

[216] Rowan BO, Kuhl DA, Lee MD, Tichansky DS, Madan AK. Anti-Xa Levels in
Bariatric Surgery Patients Receiving Prophylactic Enoxaparin. OBES SURG 2008;18:162—-6.
https://doi.org/10.1007/s11695-007-9381-y.

[217] Simone EP, Madan AK, Tichansky DS, Kuhl DA, Lee MD. Comparison of two low-
molecular-weight heparin dosing regimens for patients undergoing laparoscopic bariatric
surgery. Surg Endosc 2008;22:2392-5. https://doi.org/10.1007/s00464-008-9997-6.

[218] Borkgren-Okonek MJ, Hart RW, Pantano JE, Rantis PC, Guske PJ, Kane JM, et al.
Enoxaparin thromboprophylaxis in gastric bypass patients: extended duration, dose
stratification, and antifactor Xa activity. Surgery for Obesity and Related Diseases
2008;4:625-31. https://doi.org/10.1016/j.soard.2007.11.010.

[219] Karas LA, Nor Hanipah Z, Cetin D, Schauer PR, Brethauer SA, Daigle CR, et al.
Assessment of empiric body mass index-based thromboprophylactic dosing of enoxaparin
after bariatric surgery: evidence for dosage adjustment using anti-factor Xa in high-risk
patients. Surgery for Obesity and Related Diseases 2021;17:153-60.
https://doi.org/10.1016/j.s0ard.2020.08.016.

[220] Stier C, Koschker A-C, Stier R, Sosnierz A, Chiappetta S. Are We Missing Treatment
Standards for Thromboprophylaxis of the Obese and Super-Obese Patient Population? A
Prospective Systematic Cohort Study. OBES SURG 2020;30:1704-11.
https://doi.org/10.1007/s11695-020-04383-w.

[221] Scholten DJ, Hoedema RM, Scholten SE. A Comparison of Two Different
Prophylactic Dose Regimens of Low Molecular Weight Heparin in Bariatric Surgery. Obes
Surg 2002;12:19-24. https://doi.org/10.1381/096089202321144522.

[222] Wang T-F, Milligan PE, Wong CA, Deal EN, Thoelke MS, Gage BF. Efficacy and
safety of high-dose thromboprophylaxis in morbidly obese inpatients. Thromb Haemost
2014;111:88-93. https://doi.org/10.1160/TH13-01-0042.

[223] Abildgaard A, Madsen SA, Hvas A-M. Dosage of Anticoagulants in Obesity:
Recommendations Based on a Systematic Review. Semin Thromb Hemost 2020;46:932-69.
https://doi.org/10.1055/s-0040-1718405.

[224] Amaral FC, Baptista-Silva JC, Nakano LC, Flumignan RL. Pharmacological
interventions for preventing venous thromboembolism in people undergoing bariatric surgery.
Cochrane Database of Systematic Reviews 2022;2022.
https://doi.org/10.1002/14651858.CD013683.pub2.

[225] Celik F, Huitema ADR, Hooijberg JH, Van De Laar AWJM, Brandjes DPM, Gerdes
VEA. Fixed-Dose Enoxaparin After Bariatric Surgery: The Influence of Body Weight on
Peak Anti-Xa Levels. OBES SURG 2015;25:628-34. https://doi.org/10.1007/s11695-014-
1435-3.

[226] Steib A, Degirmenci S-E, Junke E, Asehnoune K, Figier M, Pericard C, et al. Once
versus twice daily injection of enoxaparin for thromboprophylaxis in bariatric surgery: effects
on antifactor Xa activity and procoagulant microparticles. A randomized controlled study.
Surgery for Obesity and Related Diseases 2016;12:613-21.
https://doi.org/10.1016/j.soard.2015.08.505.

[227] Miranda S, Le Cam-Duchez V, Benichou J, Donnadieu N, Barbay V, Le Besnerais M,
et al. Adjusted value of thromboprophylaxis in hospitalized obese patients: A comparative

71



study of two regimens of enoxaparin: The ITOHENOX study. Thrombosis Research
2017;155:1-5. https://doi.org/10.1016/j.thromres.2017.04.011.

[228] Résumé des caractéristiques du produit - INNOHEP 4 500 Ul anti-Xa/0,45 ml,
solution injectable en seringue préremplie - Base de données publique des médicaments n.d.
https://base-donnees-
publique.medicaments.gouv.fr/affichageDoc.php?specid=63108338&typedoc=R#RcpPosoAd
min (accessed July 15, 2024).

[229] Notice patient n.d. http://agence-prd.ansm.sante.fr/php/ecodex/notice/N0203489.htm
(accessed July 15, 2024).

[230] Pfrepper C, Koch E, Weise M, Siegemund R, Siegemund A, Petros S, et al. Weight-
adjusted dosing of tinzaparin for thromboprophylaxis in obese medical patients. Research and
Practice in Thrombosis and Haemostasis 2023;7:100054.
https://doi.org/10.1016/j.rpth.2023.100054.

[231] Hainer JW, Barrett JS, Assaid CA, Fossler MJ, Cox DS, Leathers T, et al. Dosing in
heavy-weight/obese patients with the LMWH, tinzaparin: a pharmacodynamic study. Thromb
Haemost 2002;87:817-23.

[232] Steele KE, Canner J, Prokopowicz G, Verde F, Beselman A, Wyse R, et al. The
EFFORT trial: Preoperative enoxaparin versus postoperative fondaparinux for
thromboprophylaxis in bariatric surgical patients: a randomized double-blind pilot trial.
Surgery for Obesity and Related Diseases 2015;11:672-83.
https://doi.org/10.1016/j.s0ard.2014.10.003.

[233] Martin KA, Beyer-Westendorf J, Davidson BL, Huisman MV, Sandset PM, Moll S.
Use of direct oral anticoagulants in patients with obesity for treatment and prevention of
venous thromboembolism: Updated communication from the ISTH SSC Subcommittee on
Control of Anticoagulation. Journal of Thrombosis and Haemostasis 2021;19:1874-82.
https://doi.org/10.1111/jth.15358.

[234] Raftopoulos I, Martindale C, Cronin A, Steinberg J. The effect of extended post-
discharge chemical thromboprophylaxis on venous thromboembolism rates after bariatric
surgery: a prospective comparison trial. Surg Endosc 2008;22:2384-91.
https://doi.org/10.1007/s00464-008-0031-9.

[235] Rojas L, Aizman A, Ernst D, Acuiia MP, Moya P, Mellado R, et al. Anti-Xa Activity
After Enoxaparin Prophylaxis In Hospitalized Patients Weighing Less Than Fifty-Five
Kilograms. Thrombosis Research 2013;132:761-4.
https://doi.org/10.1016/j.thromres.2013.10.005.

[236] Sebaaly J, Covert K. Enoxaparin Dosing at Extremes of Weight: Literature Review
and Dosing Recommendations. Ann Pharmacother 2018;52:898-909.
https://doi.org/10.1177/1060028018768449.

[237] Hakeam HA, Al Duhailib Z, Alsemari M, Alwaibah RM, Al Shannan MF, Shalhoub
M. Anti-Factor Xa Levels in Low-weight Surgical Patients Receiving Enoxaparin for VVenous
Thromboembolism Prophylaxis: A Prospective Cohort Study. Clin Appl Thromb Hemost
2020;26:107602962093119. https://doi.org/10.1177/1076029620931194.

[238] Raffini L, Huang Y-S, Witmer C, Feudtner C. Dramatic Increase in Venous
Thromboembolism in Children’s Hospitals in the United States From 2001 to 2007. Pediatrics
2009;124:1001-8. https://doi.org/10.1542/peds.2009-0768.

[239] Rdhle F, Stoll M. Advances in predicting venous thromboembolism risk in children.
Br J Haematol 2018;180:654—65. https://doi.org/10.1111/bjh.15060.

[240] Branchford BR, Betensky M, Goldenberg NA. Pediatric issues in thrombosis and
hemostasis: The how and why of venous thromboembolism risk stratification in hospitalized
children. Thrombosis Research 2018;172:190-3.
https://doi.org/10.1016/j.thromres.2018.02.010.

72



[241] Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L. Maturation of the
hemostatic system during childhood. Blood 1992;80:1998-2005.

[242] Chalmers EA. Epidemiology of venous thromboembolism in neonates and children.
Thrombosis Research 2006;118:3—-12. https://doi.org/10.1016/j.thromres.2005.01.010.

[243] De La Morena-Barrio B, Orlando C, De La Morena-Barrio ME, Vicente V, Jochmans
K, Corral J. Incidence and features of thrombosis in children with inherited antithrombin
deficiency. Haematologica 2019;104:2512-8. https://doi.org/10.3324/haematol.2018.210666.
[244] Nowak-Goéttl U, Bidlingmaier C, Kriimpel A, Gottl L, Kenet G. Pharmacokinetics,
efficacy, and safety of LMWHSs in venous thrombosis and stroke in neonates, infants and
children. British J Pharmacology 2008;153:1120-7. https://doi.org/10.1038/sj.bjp.0707447.
[245] Jackson PC, Morgan JM. Perioperative thromboprophylaxis in children: development
of a guideline for management. Pediatric Anesthesia 2008;18:478-87.
https://doi.org/10.1111/j.1460-9592.2008.02597 .x.

[246] Morgan J, Checketts M, Arana A, Chalmers E, Maclean J, Powis M, et al. Prevention
of perioperative venous thromboembolism in pediatric patients: Guidelines from the
Association of Paediatric Anaesthetists of Great Britain and Ireland ( APAGBI ). Pediatric
Anesthesia 2018;28:382-91. https://doi.org/10.1111/pan.13355.

[247] Padhye K, El-Hawary R, Price V, Stevens S, Branchford B, Kulkarni K. Development
of a perioperative venous thromboembolism prophylaxis algorithm for pediatric orthopedic
surgical patients. Pediatric Hematology and Oncology 2020;37:109-18.
https://doi.org/10.1080/08880018.2019.1695030.

[248] Odent T, De Courtivron B, Gruel Y. Thrombotic risk in children undergoing
orthopedic surgery. Orthopaedics & Traumatology: Surgery & Research 2020;106:5S109-14.
https://doi.org/10.1016/j.0tsr.2019.05.026.

[249] INSPIRATION Investigators, Mazloomzadeh S, Khaleghparast S, Ghadrdoost B,
Mousavizadeh M, Baay MR, et al. Effect of Intermediate-Dose vs Standard-Dose
Prophylactic Anticoagulation on Thrombotic Events, Extracorporeal Membrane Oxygenation
Treatment, or Mortality Among Patients With COVID-19 Admitted to the Intensive Care
Unit: The INSPIRATION Randomized Clinical Trial. JAMA 2021;325:1620.
https://doi.org/10.1001/jama.2021.4152.

[250] Fernando SM, Tran A, Cheng W, Sadeghirad B, Arabi YM, Cook DJ, et al. VTE
Prophylaxis in Critically 11l Adults. CHEST 2022;161:418-28.
https://doi.org/10.1016/j.chest.2021.08.050.

[251] Spyropoulos AC, Anderson FA, FitzGerald G, Decousus H, Pini M, Chong BH, et al.
Predictive and Associative Models to Identify Hospitalized Medical Patients at Risk for VTE.
Chest 2011;140:706-14. https://doi.org/10.1378/chest.10-1944.

[252] Lim W, Meade M, Lauzier F, Zarychanski R, Mehta S, Lamontagne F, et al. Failure of
Anticoagulant Thromboprophylaxis: Risk Factors in Medical-Surgical Critically Il Patients*.
Critical Care Medicine 2015;43:401-10. https://doi.org/10.1097/CCM.0000000000000713.
[253] Jorda A, Siller-Matula JM, Zeitlinger M, Jilma B, Gelbenegger G. Anticoagulant
Treatment Regimens in Patients With Covid-19: A Meta-Analysis. Clin Pharma and
Therapeutics 2022;111:614-23. https://doi.org/10.1002/cpt.2504.

[254] Godon A, Tacquard CA, Mansour A, Garrigue D, Nguyen P, Lasne D, et al.
Prevention of venous thromboembolism and haemostasis monitoring in patients with COVID-
19: Updated proposals (April 2021). Anaesthesia Critical Care & Pain Medicine
2021;40:100919. https://doi.org/10.1016/j.accpm.2021.100919.

[255] Susen S, Tacquard CA, Godon A, Mansour A, Garrigue D, Nguyen P, et al.
Prevention of thrombotic risk in hospitalized patients with COVID-19 and hemostasis
monitoring. Crit Care 2020;24:364. https://doi.org/10.1186/s13054-020-03000-7.

[256] The REMAP-CAP, ACTIV-4a, and ATTACC Investigators. Therapeutic

73



Anticoagulation with Heparin in Critically 11l Patients with Covid-19. N Engl J Med
2021;385:777-89. https://doi.org/10.1056/NEJM0a2103417.

[257] Cauchie P, Piagnerelli M. What Do We Know about Thromboprophylaxis and Its
Monitoring in Critically 11l Patients? Biomedicines 2021;9:864.
https://doi.org/10.3390/biomedicines9080864.

[258] Effectiveness of thigh-length graduated compression stockings to reduce the risk of
deep vein thrombosis after stroke (CLOTS trial 1): a multicentre, randomised controlled trial.
The Lancet 2009;373:1958-65. https://doi.org/10.1016/S0140-6736(09)60941-7.

[259] Arabi YM, Khedr M, Dara Sl, Dhar GS, Bhat SA, Tamim HM, et al. Use of
Intermittent Pneumatic Compression and Not Graduated Compression Stockings Is
Associated With Lower Incident VTE in Critically Il Patients. Chest 2013;144:152-9.
https://doi.org/10.1378/chest.12-2028.

[260] Afshari A, Fenger-Eriksen C, Monreal M, Verhamme P. European guidelines on
perioperative venous thromboembolism prophylaxis: Mechanical prophylaxis. European
Journal of Anaesthesiology 2018;35:112-5. https://doi.org/10.1097/EJA.0000000000000726.
[261] Devereaux PJ, Marcucci M, Painter TW, Conen D, Lomivorotov V, Sessler DI, et al.
Tranexamic Acid in Patients Undergoing Noncardiac Surgery. N Engl J Med 2022;386:1986—
97. https://doi.org/10.1056/NEJM0a2201171.

[262] Meng B, Ma J, Liu Z, Du C, Zhang G. Efficacy and Safety of Tranexamic Acid
Combined with Rivaroxaban in Primary Total Knee Arthroplasty: A Meta-Analysis of
Randomized Controlled Trials. Journal of Investigative Surgery 2021;34:728-37.
https://doi.org/10.1080/08941939.2019.1690602.

[263] Myles PS, Smith JA, Forbes A, Silbert B, Jayarajah M, Painter T, et al. Tranexamic
Acid in Patients Undergoing Coronary-Artery Surgery. N Engl J Med 2017;376:136-48.
https://doi.org/10.1056/NEJM0al1606424.

[264] Sentilhes L, Winer N, Azria E, Sénat M-V, Le Ray C, Vardon D, et al. Tranexamic
Acid for the Prevention of Blood Loss after VVaginal Delivery. N Engl J Med 2018;379:731—
42. https://doi.org/10.1056/NEJM0al1800942.

[265] Sentilhes L, Sénat MV, Le Lous M, Winer N, Rozenberg P, Kayem G, et al.
Tranexamic Acid for the Prevention of Blood Loss after Cesarean Delivery. N Engl J Med
2021;384:1623-34. https://doi.org/10.1056/NEJM0a2028788.

[266] Shakur H, Roberts I, Fawole B, Chaudhri R, EI-Sheikh M, Akintan A, et al. Effect of
early tranexamic acid administration on mortality, hysterectomy, and other morbidities in
women with post-partum haemorrhage (WOMAN): an international, randomised, double-
blind, placebo-controlled trial. The Lancet 2017;389:2105-16. https://doi.org/10.1016/S0140-
6736(17)30638-4.

[267] Effects of tranexamic acid on death, vascular occlusive events, and blood transfusion
in trauma patients with significant haemorrhage (CRASH-2): a randomised, placebo-
controlled trial. The Lancet 2010;376:23-32. https://doi.org/10.1016/S0140-6736(10)60835-
5.

[268] Effects of tranexamic acid on death, disability, vascular occlusive events and other
morbidities in patients with acute traumatic brain injury (CRASH-3): a randomised, placebo-
controlled trial. The Lancet 2019;394:1713-23. https://doi.org/10.1016/S0140-
6736(19)32233-0.

[269] Taeuber I, Weibel S, Herrmann E, Neef V, Schlesinger T, Kranke P, et al. Association
of Intravenous Tranexamic Acid With Thromboembolic Events and Mortality: A Systematic
Review, Meta-analysis, and Meta-regression. JAMA Surg 2021;156:e210884.
https://doi.org/10.1001/jamasurg.2021.0884.

[270] Levine MN, Planes A, Hirsh J, Goodyear M, VVochelle N, Gent M. The relationship
between anti-factor Xa level and clinical outcome in patients receiving enoxaparine low

74



molecular weight heparin to prevent deep vein thrombosis after hip replacement. Thromb
Haemost 1989;62:9404.

[271] Verhoeff K, Connell M, Shapiro AJ, Strickland M, Bigam DL, Anantha RV. Rate of
prophylactic anti-Xa achievement and impact on venous thromboembolism following
oncologic hepato-pancreatico-biliary surgery: A prospective cohort study. The American
Journal of Surgery 2023;225:1022-8. https://doi.org/10.1016/j.amjsurg.2022.12.001.

[272] Kramme K, Sarraf P, Munene G. Prophylactic Enoxaparin Adjusted by Anti-Factor Xa
Peak Levels Compared with Recommended Thromboprophylaxis and Rates of Clinically
Evident Venous Thromboembolism in Surgical Oncology Patients. Journal of the American
College of Surgeons 2020;230:314-21. https://doi.org/10.1016/j.jamcollsurg.2019.11.012.
[273] Kramme K, Sarraf P, Shebrain S, Munene G. Safety and Efficacy of Prophylactic
Enoxaparin Adjusted by Anti-Factor Xa Peak Levels in Pancreatic Surgery. The American
Surgeon 2023;89:300-8. https://doi.org/10.1177/00031348211023438.

[274] Pannucci CJ, Rockwell WB, Ghanem M, Fleming KI, Momeni A, Agarwal J.
Inadequate Enoxaparin Dosing Predicts 90-Day Venous Thromboembolism Risk among
Plastic Surgery Inpatients: An Examination of Enoxaparin Pharmacodynamics. Plastic &
Reconstructive Surgery 2017;139:1009-20. https://doi.org/10.1097/PRS.0000000000003159.
[275] May CC, Cua S, Smetana KS, Powers CJ. Supraprophylactic Anti—Factor Xa Levels
Are Associated with Major Bleeding in Neurosurgery Patients Receiving Prophylactic
Enoxaparin. World Neurosurgery 2022;157:e357-63.
https://doi.org/10.1016/j.wneu.2021.10.087.

[276] Pannucci CJ, Fleming KI, Varghese TK, Stringham J, Huang LC, Pickron TB, et al.
Low Anti-Factor Xa Level Predicts 90-Day Symptomatic Venous Thromboembolism in
Surgical Patients Receiving Enoxaparin Prophylaxis: A Pooled Analysis of Eight Clinical
Trials. Annals of Surgery 2022;276:682-90.
https://doi.org/10.1097/SLA.0000000000004589.

[277] Karcutskie CA, Dharmaraja A, Patel J, Eidelson SA, Martin AG, Lineen EB, et al.
Relation of antifactor-Xa peak levels and venous thromboembolism after trauma. J Trauma
Acute Care Surg 2017;83:1102—7. https://doi.org/10.1097/TA.0000000000001663.

[278] Verhoeff K, Raffael K, Connell M, Kung JY, Strickland M, Parker A, et al.
Relationship between anti-Xa level achieved with prophylactic low-molecular weight heparin
and venous thromboembolism in trauma patients: A systematic review and meta-analysis. J
Trauma Acute Care Surg 2022;93:e61-70. https://doi.org/10.1097/TA.0000000000003580.
[279] Tran A, Fernando SM, Gates RS, Gillen JR, Droege ME, Carrier M, et al. Efficacy and
Safety of Anti-Xa-Guided Versus Fixed Dosing of Low Molecular Weight Heparin for
Prevention of Venous Thromboembolism in Trauma Patients: A Systematic Review and
Meta-Analysis. Annals of Surgery 2023;277:734-41.
https://doi.org/10.1097/SLA.0000000000005754.

[280] Berges A, Laporte S, Epinat M, Zufferey P, Alamartine E, Tranchand B, et al. Anti-
factor Xa activity of enoxaparin administered at prophylactic dosage to patients over 75 years
old. Brit J Clinical Pharma 2007;64:428-38. https://doi.org/10.1111/j.1365-
2125.2007.02920.x.

[281] Smahi M, De Pooter N, Hollestelle MJ, Toulon P. Monitoring unfractionated heparin
therapy: Lack of standardization of anti-Xa activity reagents. Journal of Thrombosis and
Haemostasis 2020;18:2613-21. https://doi.org/10.1111/jth.14969.

[282] Lasne D, Toussaint-Hacquard M, Delassasseigne C, Bauters A, Flaujac C, Savard P, et
al. Factors Influencing Anti-Xa Assays: A Multicenter Prospective Study in Critically 11l and
Noncritically Il Patients Receiving Unfractionated Heparin. Thromb Haemost
2023;123:1105-15. https://doi.org/10.1055/s-0043-1770096.

[283] Sié P, Aillaud MF, de Prost D, Droullé C, Forestier F, Guedj P, et al. Measurement of

75



low molecular weight heparin ex vivo activities in clinical laboratories using various anti-Xa
assays: interlaboratory variability and requirement for an agreed low molecular weight
heparin standard. Thromb Haemost 1987;58:879-83.

[284] Kitchen S, lampietro R, Woolley AM, Preston FE. Anti Xa monitoring during
treatment with low molecular weight heparin or danaparoid: inter-assay variability. Thromb
Haemost 1999;82:1289-93.

[285] Amiral J, Amiral C, Dunois C. Optimization of Heparin Monitoring with Anti-FXa
Assays and the Impact of Dextran Sulfate for Measuring All Drug Activity. Biomedicines
2021;9:700. https://doi.org/10.3390/biomedicines9060700.

[286] Kovacs MJ, Keeney M, Mackinnon K, Boyle E. Three different chromogenic methods
do not give equivalent anti-Xa levels for patients on therapeutic low molecular weight heparin
(dalteparin) or unfractionated heparin: M.J. Kovas et al . Clinical & Laboratory Haematology
1999;21:55-60. https://doi.org/10.1046/j.1365-2257.1999.00183.x.

[287] Hollestelle MJ, Van Der Meer FIM, Meijer P. Quality performance for indirect Xa
inhibitor monitoring in patients using international external quality data. Clinical Chemistry
and Laboratory Medicine (CCLM) 2020;58:1921-30. https://doi.org/10.1515/cclm-2020-
0130.

[288] Martel N, Lee J, Wells PS. Risk for heparin-induced thrombocytopenia with
unfractionated and low-molecular-weight heparin thromboprophylaxis: a meta-analysis.
Blood 2005;106:2710-5. https://doi.org/10.1182/blood-2005-04-1546.

[289] Junqueira DR, Zorzela LM, Perini E. Unfractionated heparin versus low molecular
weight heparins for avoiding heparin-induced thrombocytopenia in postoperative patients.
Cochrane Database of Systematic Reviews 2017;2017.
https://doi.org/10.1002/14651858.CD007557.pub3.

[290] Warkentin TE, Kelton JG. Temporal Aspects of Heparin-Induced Thrombocytopenia.
N Engl J Med 2001;344:1286-92. https://doi.org/10.1056/NEJM200104263441704.

[291] Lubenow N, Kempf R, Eichner A, Eichler P, Carlsson LE, Greinacher A. Heparin-
Induced Thrombocytopenia. Chest 2002;122:37-42. https://doi.org/10.1378/chest.122.1.37.
[292] Greinacher A, Eichler P, Lubenow N, Kwasny H, Luz M. Heparin-induced
thrombocytopenia with thromboembolic complications: meta-analysis of 2 prospective trials
to assess the value of parenteral treatment with lepirudin and its therapeutic aPTT range.
Blood 2000;96:846-51.

[293] Tardy B, Lecompte T, Boelhen F, Tardy-Poncet B, Elalamy I, Morange P, et al.
Predictive factors for thrombosis and major bleeding in an observational study in 181 patients
with heparin-induced thrombocytopenia treated with lepirudin. Blood 2006;108:1492—6.
https://doi.org/10.1182/blood-2006-02-001057.

[294] Johnson SA, Stevens SM, Woller SC, Lake E, Donadini M, Cheng J, et al. Risk of
Deep Vein Thrombosis Following a Single Negative Whole-Leg Compression Ultrasound: A
Systematic Review and Meta-analysis. JAMA 2010;303:438.
https://doi.org/10.1001/jama.2010.43.

[295] Galanaud J-P, Sevestre-Pietri M-A, Bosson J-L, Laroche J-P, Righini M, Brisot D, et
al. Comparative study on risk factors and early outcome of symptomatic distal versus
proximal deep vein thrombosis: Results from the OPTIMEYV study. Thromb Haemost
2009;102:493-500. https://doi.org/10.1160/TH09-01-0053.

[296] Schellong SM, Goldhaber Sz, Weitz JI, Ageno W, Bounameaux H, Turpie AGG, et al.
Isolated Distal Deep Vein Thrombosis: Perspectives from the GARFIELD-VTE Registry.
Thromb Haemost 2019;119:1675-85. https://doi.org/10.1055/s-0039-1693461.

[297] Galanaud J-P, Sevestre M-A, Genty C, Laroche J-P, Zizka V, Quéré I, et al.
Comparison of the clinical history of symptomatic isolated muscular calf vein thrombosis
versus deep calf vein thrombosis. Journal of Vascular Surgery 2010;52:932-938.e2.

76



https://doi.org/10.1016/j.jvs.2010.05.019.

[298] Zhao W, Yan J, Li X, Shi C, Wang Z, Guo W, et al. Characteristics and Treatment
Strategy of Isolated Calf Deep Venous Thrombosis after Fractures: A Review of Recent
Literature. Orthopaedic Surgery 2022;14:1263-70. https://doi.org/10.1111/0s.13292.

[299] Wang C-J, Wang J-W, Weng L-H, Huang C-C, Yu P-C. Clinical significance of
muscular deep-vein thrombosis after total knee arthroplasty. Chang Gung Med J 2007;30:41—
6.

[300] Barrellier M-T, Lebel B, Parienti J-J, Mismetti P, Dutheil J-J, Vielpeau C. Short
versus extended thromboprophylaxis after total knee arthroplasty: A randomized comparison.
Thrombosis Research 2010;126:e298-304. https://doi.org/10.1016/j.thromres.2010.07.018.
[301] Galanaud J -P., Sevestre M -A., Genty C, Kahn SR, Pernod G, Rolland C, et al.
Incidence and predictors of venous thromboembolism recurrence after a first isolated distal
deep vein thrombosis. Journal of Thrombosis and Haemostasis 2014;12:436—43.
https://doi.org/10.1111/jth.12512.

[302] Lagerstedt C. NEED FOR LONG-TERM ANTICOAGULANT TREATMENT IN
SYMPTOMATIC CALF-VEIN THROMBOSIS. The Lancet 1985;326:515-8.
https://doi.org/10.1016/S0140-6736(85)90459-3.

[303] Singh K, Yakoub D, Giangola P, DeCicca M, Patel CA, Marzouk F, et al. Early
follow-up and treatment recommendations for isolated calf deep venous thrombosis. Journal
of Vascular Surgery 2012;55:136-40. https://doi.org/10.1016/j.jvs.2011.07.088.

[304] Ferrara F, Meli F, Amato C, Cospite V, Raimondi F, Novo G, et al. Optimal Duration
of Treatment in Surgical Patients With Calf Venous Thrombosis Involving One or More
Veins. Angiology 2006;57:418-23. https://doi.org/10.1177/0003319706290745.

[305] Dorr LD, Gendelman V, Maheshwari AV, Boutary M, Wan Z, Long WT. Multimodal
Thromboprophylaxis for Total Hip and Knee Arthroplasty Based on Risk Assessment: The
Journal of Bone and Joint Surgery-American Volume 2007;89:2648-57.
https://doi.org/10.2106/JBJS.F.00235.

[306] Parisi R, Visona A, Camporese G, Verlato F, Lessiani G, Antignani PL, et al. Isolated
distal deep vein thrombosis: efficacy and safety of a protocol of treatment. Treatment of
Isolated Calf Thrombosis (TICT) Study. Int Angiol 2009;28:68-72.

[307] Righini M, Galanaud J-P, Guenneguez H, Brisot D, Diard A, Faisse P, et al.
Anticoagulant therapy for symptomatic calf deep vein thrombosis (CACTUS): a randomised,
double-blind, placebo-controlled trial. The Lancet Haematology 2016;3:556—62.
https://doi.org/10.1016/S2352-3026(16)30131-4.

[308] Galanaud J-P, Kahn SR, Khau Van Kien A, Laroche J-P, Quéré I. Thromboses
veineuses profondes distales isolées des membres inférieurs : épidémiologie et prise en
charge. La Revue de Médecine Interne 2012;33:678-85.
https://doi.org/10.1016/j.revmed.2012.05.012.

[309] Gibson NS, Schellong SM, Kheir DYE, Beyer-Westendorf J, Gallus AS, Mcrae S, et
al. Safety and sensitivity of two ultrasound strategies in patients with clinically suspected
deep venous thrombosis: a prospective management study. Journal of Thrombosis and
Haemostasis 2009;7:2035-41. https://doi.org/10.1111/j.1538-7836.2009.03635.X.

[310] Righini M. Is it worth diagnosing and treating distal deep vein thrombosis? No.
Journal of Thrombosis and Haemostasis 2007;5:55-9. https://doi.org/10.1111/j.1538-
7836.2007.02468.x.

[311] Bernardi E. Serial 2-Point Ultrasonography Plus D-Dimer vs Whole-Leg Color-Coded
Doppler Ultrasonography for Diagnosing Suspected Symptomatic Deep Vein Thrombosis: A
Randomized Controlled Trial. JAMA 2008;300:1653.
https://doi.org/10.1001/jama.300.14.1653.

[312] Quéré I, Galanaud JP, Sanchez O. Quelle est la prise en charge des thromboses

77



veineuses profondes sous-poplitées ? Revue des Maladies Respiratoires 2021;38:e164—70.
https://doi.org/10.1016/j.rmr.2019.05.014.

[313] Utter GH, Dhillon TS, Salcedo ES, Shouldice DJ, Reynolds CL, Humphries MD, et al.
Therapeutic Anticoagulation for Isolated Calf Deep Vein Thrombosis. JAMA Surg
2016;151:e161770. https://doi.org/10.1001/jamasurg.2016.1770.

[314] MacDonald PS, Kahn SR, Miller N, Obrand D. Short-term natural history of isolated
gastrocnemius and soleal vein thrombosis. Journal of Vascular Surgery 2003;37:523—7.
https://doi.org/10.1067/mva.2003.149.

[315] Schmidt B, Michler R, Klein M, Faulmann G, Weber C, Schellong S. Ultrasound
screening for distal vein thrombosis is not beneficial after major orthopedic surgery.: A
randomized controlled trial. Thromb Haemost 2003;90:949-54.
https://doi.org/10.1160/TH03-03-0154.

[316] Franco L, Giustozzi M, Agnelli G, Becattini C. Anticoagulation in patients with
isolated distal deep vein thrombosis: a meta-analysis. Journal of Thrombosis and Haemostasis
2017;15:1142-54. https://doi.org/10.1111/jth.13677.

[317] Schulman S, Rhedin A-S, Lindmarker P, Carlsson A, Lérfars G, Nicol P, et al. A
Comparison of Six Weeks with Six Months of Oral Anticoagulant Therapy after a First
Episode of Venous Thromboembolism. N Engl J Med 1995;332:1661-5.
https://doi.org/10.1056/NEJM199506223322501.

[318] Pinede L, Ninet J, Duhaut P, Chabaud S, Demolombe-Rague S, Durieu |, et al.
Comparison of 3 and 6 Months of Oral Anticoagulant Therapy After a First Episode of
Proximal Deep Vein Thrombosis or Pulmonary Embolism and Comparison of 6 and 12
Weeks of Therapy After Isolated Calf Deep Vein Thrombosis. Circulation 2001;103:2453-60.
https://doi.org/10.1161/01.CIR.103.20.2453.

[319] Ageno W, Bertu L, Bucherini E, Camporese G, Dentali F, lotti M, et al. Rivaroxaban
treatment for six weeks versus three months in patients with symptomatic isolated distal deep
vein thrombosis: randomised controlled trial. BMJ 2022:e072623.
https://doi.org/10.1136/bmj-2022-072623.

[320] Galanaud J-P, Trujillo-Santos J, Bikdeli B, Di Micco P, Bortoluzzi C, Bertoletti L, et
al. Management of isolated distal deep—vein thrombosis with direct oral anticoagulants in the
RIETE registry. J Thromb Thrombolysis 2021;52:532—41. https://doi.org/10.1007/s11239-
020-02347-6.

78



