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Rationale

While no Risk Assessment Model (RAM) can be consid-

ered ideal to date, the 2005 Caprini scale has been

formally validated to stratify plastic surgery patients

based on their individual risk factors.1 The 2010 update

to the Caprini RAM is likely less accurate in representing

plastic surgery procedures as it allots additional points for

longer surgery times which are common, which could

result in an over scoring phenomenon artificially placing

patients in a higher than necessary risk category.2,3

Nevertheless, the score does not take into account type

of surgery, combined procedures, other patient comor-

bidities including acute coronary syndrome with implan-

tation of a drug-eluting stent (DES), heart failure,

respiratory failure, nephrotic syndrome, Behçet syn-

drome, paraprotein disorders, low levels of protein C,

protein S or Antithrombin III, as well as other identified

genetic predictors of thrombophilia (including PAI-1

gene polymorphism concomitantly with factor II, V or

beta-fibrinogen mutations).

Thrombo-embolism has been identified as the most

common cause of mortality following outpatient plastic

surgery, which occurred most frequently after abdomino-

plasties.4 An analysis of the American Association for

Accreditation of Ambulatory Surgery Facilities (AAAASF)

database featuring 6 388 744 outpatient plastic surgery

procedures revealed that abdominoplasties carry an in-

creased thrombo-embolic risk compared to other plastic

surgery procedures.5 Patients undergoing complex ab-

dominal wall reconstruction with component separation
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have also been found to have a higher risk for venous

thromboembolic events.6 Abdominal contouring in class

III obesity patients (BMI > 40kg/m�2) has been corre-

lated with increased risk of Deep Venous Thrombosis /

Pulmonary Embolism (DVT/PE), though this has not

been found to be statistically significant in a retrospective

review of 4497 panniculectomies.7 Additionally, the

amount of skin tissue resected has been correlated with

postoperative complications.8 Autologous breast recon-

struction has been associated with higher risk of VTE,

which was due to long hospital stays (over 3 days) and long

operative times.9 In microsurgical breast reconstruction,

which most commonly featured abdominally-based flaps,

surgical duration beyond 11h, longer inpatient stay and

patient comorbidities have been correlated with height-

ened VTE risk.10–12 Overall, longer operative times in

general have been associated with increased VTE rates in

all plastic surgery procedures.13 Some combinations of

elective outpatient procedures conferred a higher throm-

boembolic risk, particularly abdominoplasty with liposuc-

tion, and abdominoplasty with hernia repair.14 Evidence

from a controlled clinical trial showed that patients un-

dergoing the combination of abdominoplasty/flank lipo-

suction with resection of fat in amounts >1500 g and

undergoing procedures with longer duration were at in-

creased risk of thromboembolic events.15 Facelifts and

rhinoplasties have an overall low incidence of thrombo-

embolic events.16 In rhinoplasty patients, intraoperative

rib graft harvest has been found to increase VTE risk.17

Other surgical risk factors in addition to the specific
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above-mentioned surgical procedures include longer sur-

gical duration and longer in-hospital stay.

Hypercoagulability hasbeen associatedwith increased risk

of flap failure as a consequence of microvascular thrombo-

sis.18 Selective therapeutic anticoagulation has been found

to improve microsurgical lower limb reconstruction out-

comes in high-risk patients with thrombophilia. However,

this data has been reported from retrospective cohort

studies featuring relatively small samples (57 and 41

patients respectively).19,20 More evidence on the matter

is still currently needed to corroborate findings.

Regarding the type of anticoagulant, postoperative enox-

aparin prophylaxis for the duration of their inpatient stay

has been deemed protective against 60-day VTE. This

was reported in a multicentre retrospective cohort study

on 3334 patients who had received plastic surgery pro-

cedures.21 A 7-day postoperative course of once-daily

5000 IU of heparin or 4000 IU of enoxaparin delivered

subcutaneously, or 10mg of oral rivaroxaban for VTE risk

reduction in abdominal body contouring surgery has

not significantly increased the risk of bleeding. Howev-

er, this is based only on two retrospective studies: the

first on 195 patients,22 and the second on 600 patients.23

Another retrospective study featuring 360 circumferen-

tial abdominoplasty patients demonstrated that enoxa-

parin administration was associated with a statistically

significant decrease in deep venous thrombosis.2 Che-

moprophylaxis using 3500 IU of bemiparin for 10 days

did not increase risk of neither DVT/PE nor bleeding

events.24 Of note, bemiparin has an inferior cost com-

pared to enoxaparin. Additionally, a randomised double-

blind study on 40 patients undergoing abdominoplasty

showed that oral rivaroxaban at 10mg once daily for

10 days increased bleeding risk substantially, causing

the study to be halted after 27 operations due to

systemic complications.25 A randomised clinical trial

is currently underway, comparing Apixaban vs. Enox-

aparin following microsurgical breast reconstruction

[NCT04504318]. Use of multiple antithrombotic agents

has been associated with increased risk of haematoma/

bleeding.26

Regarding dosage of anticoagulation, evidence from pro-

spective clinical trials suggests that fixed-dose heparin

was deemed insufficient for reaching the level of antic-

oagulation required for VTE prophylaxis after microsur-

gical procedures.27 Weight-based heparin infusions at

10 units kg�1 h�1 provided a detectable level of antic-

oagulation for some patients following microsurgical pro-

cedures, but most required dose adjustment to ensure

adequate VTE prophylaxis.28 In a clinical trial, twice-

daily 4000 IU enoxaparin has been found to be superior to

once-daily 4000 IU enoxaparin for 90-day acute venous

thromboembolism risk reduction.29 The increased dos-

age is however associated with an increased risk of

bleeding, causing overtreatment.30 In a randomized
opyright © 2024 European Society of Anaesthesiology and Inten
clinical trial on 295 patients, weight-based administration

of enoxaparin at 0.5mg per kg twice daily (every 12 h)

showed superior pharmacokinetics for avoidance of

underanticoagulation and overanticoagulation in postop-

erative patients compared to fixed dosage of 40mg.31

High-dose thromboprophylaxis nearly halved the rate

of VTE in morbidly obese inpatients

Regarding duration of anticoagulation, patients undergo-

ing microsurgical breast reconstruction and who received

a short course of anticoagulation (only while hospitalised)

were not associated with a statistically significant increase

in VTE incidence compared to patients who received a 2-

week course. However, this was based on a retrospective

study of 249 patients where all thromboembolic events

occurred in the group which received short-course anti-

coagulation.32 Administration of extended chemoprophy-

laxis (consisting of 7–30 days of low molecular weight

heparin) in a cohort of 750 patients who received 881

breast cancer surgeries (ranging from lumpectomy to

mastectomy with or without axillary surgery and/or re-

construction) was not associated with an increased risk of

bleeding.33 A retrospective chart review of 64 patients

attempted to demonstrate that mechanical thrombopro-

phylaxis alone (consisting of elastic compression stock-

ings, intermittent pneumatic compression boots, and

early reambulation) could be used as an alternative to

chemoprophylaxis in body contouring surgery following

massive weight loss.34 However, sequential compression

devices were not found to be effective in reducing DVT

onset in 1000 patients who underwent outpatient plastic

surgery procedures.35

The level of evidence specifically catering to plastic sur-

gery patients is very weak, but there is a study that

demonstrated the safety of mechanical prophylaxis for

DVT risk reduction.34 Indirect evidence from other surgi-

cal branches such as general surgery is more convincing.49

No other chapter from these current ESAIC guidelines

has suggested the administration of more than a single

daily dose of Low Molecular Weight Heparin (LMWH).

However, the supporting evidence we found could not be

ignored and deserves some special consideration. We

found three clinical trials in plastic surgery in favour of

a higher number of daily administrations of LMWH, all of

which were conducted by the same first author. The

rationale behind more than one daily administration is

related to enoxaparin pharmacokinetics. Namely, the

half-life of enoxaparin is about 4 h after a single dose

administered subcutaneously, and about 7 h after several

doses, posing the risk of possible under-anticoagulation.

In a study by Pannucci et al.29 they compared two trials:

(Trial 1: NCT02411292) to (Trial 2: NCT 02687204).

Trial 1 was conducted in 2015 (https://clinicaltrials.gov/

study/NCT02411292#study-record-dates), and com-

pared 94 patients with single dose LMWH.36,37 Trial 2

compared 118 patients and twice daily doses. They found
Eur J Anaesthesiol 2024; 41:598–603
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that twice-daily 4000 IU enoxaparin was superior to once-

daily 4000 IU enoxaparin for 90-day thromboembolic risk

reduction. Out of the same 118 patients from Trial 2 who

received twice-daily LMWH, the same author found in

another study published the same year that while being

associated with a lower under-anticoagulation rate, this

practice was associated with a high rate of clinically

relevant bleeding.30 In a randomised clinical trial

(RCT) by Pannucci et al.31 from 2021 on 295 patients,

weight-based administration of enoxaparin at 0.5mg kg�1

twice daily (every 12 h) showed superior pharmacokinet-

ics for avoidance of underanticoagulation and overanti-

coagulation in postoperative patients compared to fixed

dosage of 40mg. In this study, bleeding rate was slightly

higher (8.3% vs. 6.0%) but was not statistically significant.

However, because of the concerns over the risk of bleed-

ing, there is reason to suggest that additional adminis-

trations per day, although potentially more effective, may

cause overtreatment, thus it is best to err on the side of

caution and advise against such practice for the time

being. Additionally, this RCT does not have a NCT

number, thus is considered to be at high risk of bias.

In 2022, Pannucci et al.38 conducted a pooled analysis

from 8 prospective clinical trials conducted in a single

institution over a 4-year period with 985 patients in total:

3 pertaining to plastic surgery (all mentioned above), 2

thoracic surgery, 1 colorectal surgery, 1 orthopaedic sur-

gery, 1 trauma surgery. This pooled analysis demonstrat-

ed an association between inadequate initial enoxaparin

dosing and 90-day symptomatic VTE, but could not be

used to suggest non-inferiority of twice daily administra-

tion given the dissimilarities among studies. Given the

low certainty and paucity of evidence, and the existence

of a single RCT in literature for plastic surgery patients,

no strong recommendation can be made. However, we

acknowledge indirect evidence in the executive summa-

ry for non-bariatric surgery from the ESA VTE 2018

Guidelines.39 While the indirectness of evidence on

which this statement is based should be acknowledged,

we still believe that the tradeoff between risks and

benefits is deserving of the implementation.

Dextran 40 has been found to have a valuable effect on

haemodilution, but does not demonstrate superior out-

comes in terms of venous flap thrombosis.40 However, it

has been abandoned because of potential systemic com-

plications.

Weight-based LMWH administration has been validated

for therapeutic indications,41,42 though its proposal for

thromboembolic prophylaxis poses more questions re-

garding possible risks of potential errors with calculations,

either due to over or undercoagulation. The plastic

surgery population may include post-bariatric patients

and obese patients, which is why specific recommenda-

tions are required for this category of patients. Obesity,

including morbid obesity, is associated with a high risk of

thromboembolic events and anticoagulant regimens with
Eur J Anaesthesiol 2024; 41:598–603

yright © 2024 European Society of Anaesthesiology and Intensi
fixed doses may not provide optimal VTE prophylaxis in

these patients.43 Assessment of different dosing regimens

have been performed in past studies.44 Retrospective

evidence from Wang et al.45 found in 3928 morbidly

obese inpatients (BMI � 40 kg m�2) that a weight-based

higher dose thromboprophylaxis nearly halved the rate of

VTE without increasing bleeding risk, though 5313

patients with BMI < 40 kg m�2 had no benefit of higher

dose thromboprophylaxis. Nevertheless, a double-blind

randomised controlled Fixed or Variable Enoxaparin

(FIVE) trial was conducted by Pannucci et al. in a plastic

surgery population of 295 patients.31 All patients were

aged 18 years or over, and underwent a plastic surgery

procedure with in-hospital stay of at least 2 nights.

Surgery was therefore not specific for body contouring

procedures. Furthermore, the population had a mean

BMI of 28.8 kg m�2. The FIVE trial found that

weight-based administration of LMWH was more effec-

tive in avoiding overcoagulation or undercoagulation,

although no statistically significant differences could be

found in terms of symptomatic DVT rate at 90 days.

Because of the paucity of literature on the subject and

because the existence of some conflicting evidence, we

suggest the use of a weight-based strategy only for the

morbidly obese patient population.

Literature is currently scant for any type of study using

direct oral anticoagulants (DOACs) in plastic surgery.

There is an RCT with a small sample population cur-

rently underway testing Apixaban vs. Enoxaparin follow-

ing microsurgical breast reconstruction [NCT04504318].

The project was started in 2020, and the latest update was

posted in August 2023, with no preliminary results to

analyse for the time being. Indirect evidence has also

been considered but has been deemed insufficient. The

main reason is that the studies which tested DOACs were

conducted for surgical procedures that are widely differ-

ent from standard plastic surgery procedures, which

require wide dissections and undermining, thus creating

larger areas of potential bleeding. Apixaban for DVT

prevention after knee replacement surgery did not meet

statistical criteria for noninferiority.46 Rivaroxaban for

DVT prevention after orthopaedic surgery (hip or knee

arthroplasty) found a small increase in bleeding.47 Nei-

ther of these studies made it through the inclusion criteria

for the systematic review of Chapter 8. While we are

aware of more current evidence suggesting that prophy-

laxis with DOACs is safe, associated with lower DVT

rates, lower bleeding rates and even cost-effectiveness,

the evidence still pertains to orthopaedic surgery, cardio-

thoracic surgery or general surgery.48 Thus, we still

believe that the risk of bleeding is sizably different,

warranting its own investigation for our own surgical field

before expressing any specific recommendation. For

these reasons, we do not feel confident in providing

recommendations either in favour or against the use

of DOACs.
ve Care. Unauthorized reproduction of this article is prohibited.
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Recommendations

� W
op
e recommend the 2005 Caprini Risk Assessment

Model (RAM) as a reference point for DVT/PE risk

stratification in plastic surgery. (Grade 1C)
� W
e suggest that abdominal contouring procedures

(especially abdominoplasty combined with liposuction

or with hernia) be considered at higher VTE/PE risk.

(Grade 2B)
� P
atients with a hypercoagulable pattern are at an

increased risk of flap failure caused by microvascular

thrombosis. We suggest using prevention with selec-

tive therapeutic anticoagulation. (Grade 2C)
� W
e suggest the use of low molecular weight heparin

(LMWH) in the postoperative period once daily.

(Grade 2B)
� W
e suggest that in surgery with an indication for VTE

prophylaxis, a higher prophylactic dose of LMWH

(3000–4000 anti-Xa IU every 12 h subcutaneously)

should be considered for morbidly obese patients with

a BMI of more than 40 kg m�2 undergoing plastic

surgery. (Grade 2C).
� W
e suggest using a duration of anticoagulation ranging

from 7 to 30 days, according to DVT/PE risk

stratification, as described in 2005 Caprini RAM.

(Grade 2C)
� C
linical practice statement: There is insufficient

evidence to support specific preoperative or postoper-

ative blood parameters, including haemoglobin and

haematocrit level for reducing flap thrombosis and

failure in microsurgical procedures.
� C
linical practice statement: Weight-based LMWH

(Enoxaparin 0.5mg/ 50 IU per kg) for thromboembolic

prophylaxis in the postoperative period for plastic

surgery patients deserves further research which

should incorporate both a multicentre and randomised

design.
� S
imple statement: There is no evidence to support the

use of DOACs over LWMH because we do not know if

DOACs are non-inferior to LMWH for thromboem-

bolic prophylaxis in plastic surgery patients.
� C
linical practice statement: The use of Infection

Prevention and Control (IPC) might play a role in VTE

risk reduction in plastic surgery patients, either in

combination with chemoprophylaxis, or alone, in

patients where LMWH is contraindicated, but further

evidence is needed.

VTE Section 08 - Appendix 1 - Summary Table, http://

links.lww.com/EJA/A949

VTE Section 08 - Appendix 2 - Detailed Table, http://

links.lww.com/EJA/A950

VTE Section 08 - Appendix 3 - PICOs and Tools, http://

links.lww.com/EJA/A951

VTE Section 08 - Appendix 4 - Review Flow Diagram,

http://links.lww.com/EJA/A952
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