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Venous thromboembolism is a significant cause ofmorbidity
and mortality among surgical patients.1 Administration of a
once daily or twice daily dose of enoxaparin during the
perioperative period is an accepted method to prevent this
life- or limb-threatening complication.2,3 However, recent
studies examiningmultiple surgical populations have shown
that a standard, “one sizefits all” dose of enoxaparin does not
produce sufficient levels of anticoagulation to prevent deep
vein thromboembolism or pulmonary embolism in many
patients.4–7 Studies in burn patients have shown that the
total body surface area (TBSA) burned is associated with
rapidity of enoxaparin metabolism; patients with larger
TBSA required higher doses of enoxaparin.4,6 This is because
extensive cutaneous injury produces a systemic inflamma-
tory effect that increases drug metabolism.4 Prior work in
plastic and reconstructive surgery patients has shown that
increased total body surface area surgically injured (TBSI),
quantified with a Lund–Brower Chart, is associated with
lower anti-factor Xa levels (aFXa); aFXa is a marker of
enoxaparin activity and quantifies extent of anticoagulation.
However, comparisons between patients have many con-
founders. The following case series examines the effect of
TBSI on enoxaparin metabolism, using free flap patients as
their controls. Lower extremity trauma patients who require
initial debridement and later free flap surgeries can demon-
strate how an increased TBSI may impact enoxaparin
metabolism.

Case 1

A 53-year-old male marathoner and cyclist with a bodymass
index of 20.9 kg/m2 presented with an extensive full-thick-
ness wound over the lateral lower leg and ankle (►Fig. 1A).

He underwent surgical debridement creating a 2% TBSI
wound (►Fig. 1B). The patient was started on enoxaparin
40 mg once daily on postoperative day zero. He was enrolled
in theUniversity of Utah’s clinical trial examining enoxaparin
metabolism using aFXa levels (clinicaltrials.gov
NCT02411292). aFXa levels were drawn as per the study
protocol, and steady state peak aFXa was 0.41 IU/mL. This
value was within the appropriate range of 0.3 to 0.5 IU/mL;
patients in this range are considered to have blood thin
enough to minimize the risk of venous thromboembolism
(VTE).5,7–9 Based on our established dose-adjustment algo-
rithm for patients who receive once daily enoxaparin,5 no
dose adjustment was made.

On postoperative day 4, the patient returned to the
operating room for debridement and wound coverage using
a left parascapular flap—anastomoses were performed end-
to-side to the anterior tibial artery and end-to-end with two
antegrade anterior tibial venae comitantes (►Fig. 1C). During
this operation, the patient’s TBSI increased to 6%. After
surgery, the patient again received 40 mg of enoxaparin
daily per the study protocol. Steady-state peak aFXa was
0.21 IU/mL, and this level was below the appropriate VTE
prophylaxis target level of 0.3 to 0.5 IU/mL. The enoxaparin
dose was increased to 50 mg once daily and repeat steady
state peak aFXa was 0.44 IU/mL. He was discharged on
postoperative day 7. The patient had no thromboembolic
or bleeding events at 90 days andwas back to cycling training
at 6 months (►Fig. 1D).

Case 2

A 54-year-old woman with a body mass index of 17.8 kg/m2

was referred for orthoplastic management of a Gustillo
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3B fracture with exposed hardware. Upon transfer to the
University of Utah, she had a large wound with exposed,
denuded tibia, exposed fracture line, and exposed hardware
(►Fig. 2A). She initially underwent surgical debridement,

and a TBSI of 2% was created (►Fig. 2B). The patient
was started on enoxaparin at 40 mg once daily on post-
operative day 0. Steady-state peak aFXa levelwas 0.55 IU/mL.
The peak aFXa level demonstrated therapeutic levels

Fig. 1 (A) Defect before initial debridement; (B) defect after initial debridement; (C) parascapular flap; (D) final soft tissue coverage.

Fig. 2 (A) Defect before initial debridement; (B) defect after initial debridement; (C) two perforator ALT flap; (D) final soft tissue coverage. ALT,
anterolateral thigh.
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(aFXa > 0.5 IU/mL) of anticoagulation, and her dose was
decreased to 30 mg daily. On postoperative day 4, a two
perforator anterolateral thigh flap was used to provide
wound closure with an end-to-end anastomoses to the
anterior tibial artery and two anterior tibial venae comi-
tantes (►Fig. 2C). This surgery increased the TBSI to 5%. The
patient was again placed on enoxaparin 40 mg daily, and
steady state peak aFXa level was in range at 0.45 IU/mL. The
patient had no thromboembolic or bleeding events at
90 days. She was discharged on postoperative day 7 and
had no issues at 1-year follow-up (►Fig. 2D).

Discussion

Patients in this series are in the unique position of being able
to act as their control to compare enoxaparin metabolism in
response to surgical procedures of different magnitude. In
these patients, increased extent of the surgical injury and
downstream inflammation was the only major change that
may have altered their physiology within the 7-day study
period. Previous studies have examined the impact of gross
weight and renal function as factors that can affect enox-
aparin metabolism.2,6 While TBSI has been associated with
aFXa levels in the past,5 the between-patient comparisons
currently available are vulnerable to confounding. The in-
patient comparisons made in this study suggest that in-
creased TBSI may make enoxaparin metabolism more rapid,
and further suggests that real-time aFXa monitoring and
dose adjustment mayminimize VTE risk in freeflap patients.

In agreementwith previous studies, this idea supports the
idea that a “one size fits all” enoxaparin dosing regimen may
not be ideal for individual patients and demonstrates the
utility of real-time aFXa level monitoring and dose adjust-
ment.5 This study also highlights the importance of reassess-
ment of VTE risk during hospitalization. Additional risk
factors may be acquired during hospitalization, and the
effectiveness of prophylaxis strategies may change based
on patient-level factors.10 This case series cannot definitively
explain the mechanism behind these changes. However, it is
worth noting that patients with larger thermal injuries
develop hyperdynamic changes at 48 hours after injury
(which corresponds to the time when peak aFXa levels are

drawn) that may increase drug metabolism and drug clear-
ance. While similar changes may be occurring amongst free
flap reconstruction patients, further research is needed to
identify the mechanism behind observed alterations in en-
oxaparin metabolism.
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