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Appropriate Enoxaparin Dose for Venous Thromboembolism

Prophylaxis in Patients with Extreme Obesity

Max Shelkrot, PharmD’; Jonida Miraka, PharmD?; and Mirza E. Perez, PharmD?

ABSTRACT

Objective: To evaluate the appropriate dose of enoxaparin for venous thromboembolism (VTE)
prophylaxis in patients with extreme obesity.

Methods: A literature search was performed using MEDLINE (1950-April 2013) to analyze all
English-language articles that evaluated incidence of VTE and/or anti-Xa levels with enoxaparin
for thromboprophylaxis in patients with extreme obesity.

Results: Eight studies were included in the analysis. Six of the studies were done in patients under-
going bariatric surgery. Mean body mass index ranged from 44.9 to 63.4 kg/m? within studies.
Studies done with bariatric surgery patients utilized doses of enoxaparin that ranged from the
standard dose of 30 mg subcutaneous (SQ) every 12 hours to 60 mg SQ every 12 hours. Other
studies evaluated doses ranging from 40 mg SQ every 24 hours to 0.5 mg/kg/day. Only 3 stud-
ies evaluated the incidence of VTE as the primary endpoint; the other studies evaluated anti-Xa
levels. The studies showed that appropriate anti-Xa levels were achieved more often with higher
than standard doses of enoxaparin. One study showed that enoxaparin 40 mg SQ every 12 hours
decreased the incidence of VTE in patients undergoing bariatric surgery compared to standard
doses. Overall risk of bleeding was similar between study groups.

Conclusions: Higher than standard doses of enoxaparin may be needed for patients with extreme
obesity. Patients undergoing bariatric surgery may benefit from enoxaparin 40 mg SQ every 12
hours. Additional large randomized, controlled trials are needed to determine the efficacy and
safety of higher than standard doses of enoxaparin for VTE prophylaxis in patients with extreme

obesity.
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including deep vein thrombosis (DVT) and its

extension pulmonary embolism (PE), is a main-
stay of modern hospital care for many patients. In
the United States, VTE is estimated to occur in up to
1 million people and accounts for over 200,000 deaths
annually; more than half of VTE cases occur in the
hospital setting.!

Prophylaxis of venous thromboembolism (VTE),

When enoxaparin, one of the most commonly
used low-molecular-weight heparins (LMWH), is
chosen over viable alternatives for VTE prophy-
laxis, it is most often dosed at 40 mg subcutaneous
(SQ) every 24 hours or 30 mg SQ every 12 hours.?
For most patients, this has been proven to be a safe
and effective dose.? However, these fixed doses do
not take into consideration that the distribution of
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LMWH is weight based, and the efficacy of standard
doses in obese and extreme obese patients may be
decreased, putting these patients at a higher risk of
thromboembolism.?

The Centers for Disease Control and Prevention
(CDC) defines extreme obesity as a body mass index
(BMI) of greater than or equal to 40.0 kg/m?. With
the CDC citing obesity and extreme obesity rates of
35.7% and 6.3% in the United States, an appropriate
dosing strategy for enoxaparin thromboprophylaxis
in these patients is needed.®

The most common laboratory test for moni-
toring the anticoagulation effect of enoxaparin is
plasma anti-Xa level. This is an expensive test that
is rarely performed due to the predictable pharma-
codynamic profile of enoxaparin. Some patients
may benefit from measuring anti-Xa levels. These
include obese patients, patients with renal dysfunc-
tion, pediatric patients, and pregnant women. How-
ever, this recommendation is limited to patients
receiving treatment doses of enoxaparin.? Measur-
ing anti-Xa levels in patients receiving exonaparin
for thromboprophylaxis is not a proven predictor of
outcomes, and there is no consensus about an appro-
priate therapeutic range. Sanofi-aventis reports that
mean peak anti-factor Xa activity was found to be
0.16 TU/mL and 0.38 TU/mL after the 20 mg and
40 mg SQ doses, respectively, were clinically tested.”
It has been suggested in the literature that peak anti-
Xa levels between 0.2 and 0.5 U/mL obtained 3 to
5 hours following SQ injections of enoxaparin will be
appropriate for thromboprophylaxis.®’

Some studies have found a strong negative corre-
lation between body weight and anti-Xa activity after
a 40 mg SQ injection of enoxaparin.*'’ In addition,
other studies have shown that obese and extremely
obese patients may not achieve suggested anti-Xa lev-
els when standard doses of enoxaparin are used for
VTE prophylaxis.>!!

The 2012 American College of Chest Physi-
cians guidelines recommend the use of a LMWH
such as enoxaparin or low-dose unfractionated hep-
arin (LDUH) in 3 distinct categories of patient for
VTE prophylaxis.? These include acutely ill patients
with an increased risk of thrombosis and a low risk
of bleeding, critically ill patients with a low risk of
bleeding, and postsurgical patients with a moderate
to high risk of VTE and a low risk of bleeding. The
guidelines state, “It may be prudent to consult with
a pharmacist regarding dosing in bariatric surgery
patients and other patients who are obese who may
require higher doses of LDUH or LMWH.»2(pp270-271)

Some institutions, including Temple University
Hospital, are currently using higher than standard
doses of enoxaparin for thromboprophylaxis in hos-
pitalized patients with extreme obesity. Given the rise
in the prevalence of extreme obesity, the purpose of
this article is to provide an overview of the literature
to better inform clinicians on the appropriate throm-
boprophylactic dose of enoxaparin in patients with
extreme obesity.

LITERATURE REVIEW

There are no published multicenter, randomized,
appropriately controlled, double-blinded clinical tri-
als evaluating the dose of enoxaparin for VTE pro-
phylaxis in patients with extreme obesity. Therefore
we included small retrospective and prospective stud-
ies in this evaluation. Studies in the setting of bar-
iatric surgery were included, because most patients
undergoing bariatric surgery are extremely obese and
require VTE prophylaxis. The endpoints of interest
included incidence of VTE and anti-Xa levels. A total
of 8 studies were evaluated. Only 3 studies evaluated
incidence of VTE as their primary endpoint and only
2 studies evaluated the use of enoxaparin for thom-
boprophylaxis in extremely obese patients outside
of the bariatric surgery setting. Table 1 presents a
summary of the studies included.

Studies That Evaluated Anti-Xa Levels in Bariatric
Surgery Patients

In 2007, Rowan et al compared 2 different dos-
ing regimens of enoxaparin for VIE prophylaxis in
52 hospitalized patients undergoing laparoscopic
banding or laparoscopic gastric bypass surgery.!?
Patients received either enoxaparin 30 mg SQ every
12 hours or 40 mg SQ every 12 hours. The primary
endpoint of the study was percent of patients achiev-
ing appropriate anti-Xa levels (defined as a level
between 0.18 and 0.4 U/mL) 4 hours after the first
and third doses of enoxaparin. After the first dose,
30.8% of the patients receiving 40 mg were within
an appropriate therapeutic range compared to 0% in
the group receiving 30 mg (P = .01). After the third
dose, only 41% of patients in the 40 mg group and
9% of patients in the 30 mg group were within ther-
apeutic range (P = .115). No bleeding events were
reported. The results of this study imply that 30 mg
every 12 hours may not be enough to achieve the
desired anti-Xa levels and that 40 mg every 12 hours
shows only a slight improvement over the 30 mg
regimen.
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In 2008, Simone et al built on the Rowan study
by performing a similar analysis using 40 mg or
60 mg SQ every 12 hours.” These patients were
also undergoing laparoscopic banding or laparo-
scopic gastric bypass surgery. The primary endpoint
of the study was mean anti-Xa levels. After the first
dose of enoxaparin, the mean anti-Xa levels were
0.17 U/mL in the 40 mg group and 0.26 U/mL in
the 60 mg group (P < .005), placing the 40 mg group
below the appropriate therapeutic range (defined
as a level between 0.18 and 0.44 U/mL). After the
third dose, mean anti-Xa levels were 0.21 U/mL in
the 40 mg group and 0.43 U/mL in the 60 mg group
(P < .001). The study showed that after the third
dose, even though mean anti-Xa levels were higher in
the 60 mg group, both groups achieved a therapeutic
anti-Xa level. There was one major bleeding event in
the 40 mg group.

Borkgren-Okonek et al evaluated a differ-
ent approach and divided a population of bariatric
surgery patients into those with BMI less than or
equal to 50 kg/m? and those with BMI greater than
50 kg/m?.'* Patients with a BMI less than or equal
to 50 kg/m? were given 40 mg of enoxaparin SQ
every 12 hours, while patients with BMI greater than
50 kg/m? were given 60 mg SQ every 12 hours. The
primary endpoint was the percentage of patients with
anti-Xa levels between 0.18 and 0.44 U/mL mea-
sured 4 hours after the third dose. More than 90%
of patients in this study underwent laparoscopic
gastric bypass surgery. A total of 79% of patients
in the 40 mg group and 69% of patients in the
60 mg group were able to achieve a desired anti-Xa
level. In the 40 mg group, none of the patients were
supratherapeutic, whereas the 60 mg group showed
similar numbers of patients with subtherapeutic and
supratherapeutic levels. There were 5 major bleed-
ing events, 4 of them in the 40 mg group. This study
showed that higher than standard doses of enoxapa-
rin are effective in patients with extreme obesity; the
higher the BMI, the higher the dose needed to achieve
appropriate anti-Xa levels.

The results of the previous 3 studies need to be
assessed with caution primarily due to the contro-
versy about the appropriate anti-Xa levels for throm-
boprophylaxis and the large variability in reported
anti-Xa levels between different laboratories. The
methods to perform anti-Xa assays are usually not
standardized.” Nevertheless, all the investigators
tried to strengthen the design of the studies by eval-
uating anti-Xa levels 4 hours after the third dose,
making sure the levels are at steady state.!®
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When analyzing the results of these studies, it is
also important to take into consideration that most
of the patients in the studies had good renal function.
The mean serum creatinine (SCr) of the patients in
the first 2 studies was normal, and most patients were
in their early forties. The study by Borkgren-Okonek
excluded patients with SCr greater than 1.6 mg/dL.
Therefore it is not clear if their results can be extrap-
olated to patients with renal dysfunction. Enoxaparin
accumulates in renal dysfunction'” and the anti-Xa
levels may be higher if the dose is not adjusted, put-
ting the patients at a higher risk of bleeding.

Of the 3 studies, Borkgren-Okonek et al had the
strongest design. It was the largest of the 3 studies,
with 223 patients, and the only study that evaluated
incidence of VTE and bleeding (as secondary end-
points). This is probably the reason why the number
of patients with major bleeding was higher in this
study than in the others. However, this study was not
powered to assess the relationship between anti-Xa
levels and risk of VTE and/or bleeding.

Studies That Evaluated Incidence of VTE in Bariatric
Surgery Patients

In 2002, Scholten et al compared the use of
enoxaparin 30 mg SQ every 12 to enoxaparin 40 mg
SQ every 12 hours in 481 patients undergoing bar-
iatric surgery.!® Enoxaparin was given 2 hours prior
to surgery and continued until the patients were fully
ambulatory or until hospital discharge. Most patients
(97.5%) underwent open long limb Roux-en-Y gas-
tric bypass surgery. In this study, the incidence of VTE
was higher in the group receiving 30 mg SQ every 12
hours (5/92 [5.6%] vs 2/389 [0.6%]; P < .01). Two
of the episodes occurred during hospital stays in the
group receiving 30 mg SQ every 12 hours. Major
bleeding was similar between groups (one event in
each group). Even though this was a relatively large
study, the authors agree that the results could have
been skewed because patients in the group of 30 mg
SQ every 12 hours had a longer duration of hospi-
tal stay (5.6 days vs 3.8 days; P < .05) and a longer
procedure time (213 min vs 175 min; P < .05) than
patients in 40 mg SQ every 12 hours.

In 20035, the prophylaxis against VTE outcomes
in bariatric surgery patients receiving enoxaparin
study (PROBE) investigators performed a retro-
spective analysis of enoxaparin prophylaxis dosing
in bariatric surgery patients at 5 medical centers.?
The perioperative dosing regimen of enoxaparin
varied among the 5 medical centers, ranging from
30 to 40 mg SQ every 24 to 12 hours. Only one
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center used a dose of 40 mg SQ every 12 hours.
The duration of enoxaparin varied between centers
from 12 hours to 10 days. Most patients (85%)
underwent open surgical procedures, either gas-
tric bypass or vertical banded gastroplasty. There
were 6 PEs and 1 DVT recorded; 6 of the 7 episodes
occurred after discontinuation of enoxaparin. The
patient who developed a PE while on enoxaparin
was receiving 30 mg every 24 hours. The highest
rate of VTE was found in the center that provided a
dose of 30 mg every 24 hours post discharge (with 3
of the 7 episodes). The study did not evaluate differ-
ences in patients’ demographics or the risk of VTE
with the different dosing regimens. The authors
concluded that the doses used for VTE prophy-
laxis were adequate, but extending the duration of
enoxaparin may be of value.

Escalante-Tattersfield et al evaluated the use of
40 mg of enoxaparin SQ every 12 hours after sur-
gery and continued for 10 days after discharged in
451 bariatric surgery patients.”’ All patients under-
went laparoscopic gastric bypass surgery. The pri-
mary endpoint in this study was incidence of DVT. In
this study, only 1 case of asymptomatic DVT (0.22%)
was discovered by ultrasound on postoperative day
1. There were no major bleeding events requiring dis-
continuation of enoxaparin. Even though this study
had a good amount of patients, it did not compare
different dosing strategies. The authors concluded
that the low rate of DVT was probably due to the use
of enoxaparin.

In the Borkgren-Okonek et al study, patients
were given 40 mg of enoxaparin SQ every 12 hours
if their BMI was less than or equal to 50 kg/m? or
60 mg SQ every 12 hours if their BMI was greater
than 50 kg/m2.'* Enoxaparin was started 12 hours
after surgery and was continued for 10 days after
discharge. The incidence of VTE was a secondary
endpoint of this study. Only 1 patient had a con-
firmed DVT after enoxaparin was discontinued (this
patient was receiving 40 mg SQ every 12 hours).
Five patients (2.24%) in this study had major bleeds
while receiving enoxaparin, requiring either transfu-
sion or reoperation. It was not clear, however, that
these bleeds were all related to enoxaparin therapy.
Four of the 5 bleeding events occurred in the lower
dose group. The authors concluded that using higher
than standard dosing and stratifying patients by BMI
was effective at preventing VTEs.

All the studies that evaluated incidence of VTE
in patients with extreme obesity are limited by their
design. None of the studies were randomized or

double-blinded, only one study was multicenter, and
most of the studies did not control for confound-
ers. This can create selection bias when the results
are evaluated and decreases applicability. The single
center design of these studies decreases their appli-
cability, because there is considerable variability in
the approach of preventing VTE among bariatric
surgery programs.?! For example, some of these tri-
als mentioned the placement of inferior vena caval
filters prior to bariatric surgery in patients at high
risk of thromboembolism. However, the strength of
the studies included the use of appropriate techniques
to evaluate VTEs (they all used Doppler ultrasound,
V/Q scan, and/or CT scan).

Because all of the studies involved patients
undergoing bariatric surgery, the incidence of VTE in
these trials may not represent the incidence of VTE in
other patient populations. It is also important to keep
in mind that most of the studies utilized combina-
tion thromboprophylaxis (compression devices and
early ambulation), which will decrease the incidence
of VTE. On the other hand, most of the patients in
the trials had 2 or more risk factors for VTE (includ-
ing major surgery), making their incidence of VTE
higher than that in populations of extremely obese
patients without additional risk factors.?? Finally, the
results of these studies could underestimate the risk
of VTE, because only one of the studies looked for
asymptomatic VTE.?

Major bleeding was defined similarly in all stud-
ies (significant decrease in hemoglobin >2 g/dL,
transfusion, and/or reoperation), and its incidence
was considered small. However, none of these stud-
ies mentioned the inclusion of patients with renal
dysfunction. Most of the patients in these studies
were in their early forties, and we can assume that
most patients did not have renal insufficiency. Of the
4 studies, only 1 excluded patients with SCr greater
than 1.6 mg/dL (Borkgren-Okonek et al). As men-
tioned before, this could have minimized the risk of
bleeding in this patient population.”

Finally, it is important to recognize that the Schol-
ten and Hamad studies had the highest incidence of
VTE events, with 7 VTEs in each study. These stud-
ies were done in the early 2000s, and in both studies
most patients underwent open surgical procedures
instead of laparoscopic procedures, which is now the
type of procedure most commonly done. The dura-
tion of hospital stay was also longer in these stud-
ies, ranging from 2 to 6 days, and enoxaparin was
stopped earlier than in the other studies (12 hours
to 5 days after surgery). The study by Scholten had

Hospital Pharmacy 745




Enoxaparin Prophylaxis in Extreme Obesity

the highest duration of hospital stay. All of these
factors could have accounted for the higher incidence
of VTEs compared to the studies done by Escalante-
Tattersfield and Borkgren-Okonek. Also, the studies
with a lower incidence of VTE used higher than stan-
dard doses of enoxaparin and continued enoxaparin
for 10 days after discharge. This may be the appro-
priate duration of therapy to prevent VTEs in this
patient population.

Studies That Evaluate Anti-Xa Levels in Medically/
Surgically Il Patients

In 2011, Ludwig et al conducted a retrospective
study in patients with BMI greater than 35 kg/m? or
weight greater than 150 kg in a surgical intensive care
unit.”® Different from the studies done in bariatric
surgery patients, this study evaluated a weight-based
enoxaparin regimen (0.5 mg/kg every 12 hours). The
primary endpoint was percent of patients with thera-
peutic anti-Xa levels (0.2 to 0.5 U/mL) 4 hours after
the third or fourth dose. The results of this study
showed that 91% of patients were in therapeutic
range and the remaining 9% were supratherapeutic.
The study also showed 1 DVT (4.3%) and no major
bleeding events.

In 2012, Freeman et al evaluated the use of
different thromboprophylactic doses of enoxa-
parin in 31 hospitalized, medically ill patients.**
Extremely obese patients received either fixed dose
(FD) enoxaparin 40 mg SQ daily, lower dose (LD)
enoxaparin 0.4 mg/kg/day SQ daily, or higher dose
(HD) enoxaparin 0.5 mg/kg/day SQ daily. The pri-
mary endpoint was percent of patients achieving
anti-Xa level between 0.2 and 0.5 U/mL. This was
measured daily 4 to 6 hours after the dose while the
patients were hospitalized. The results showed that
more patients (more than 80%) in the HD group
achieved the targeted anti-Xa levels when com-
pared to the other groups (P < .001). No bleeding
or thrombotic events were reported in any of the
3 groups.

These results are promising and offer a novel
dosing strategy for extremely obese patients
outside the bariatric surgery setting, but the studies
are limited by their small sample size and the
pharmacodynamics outcome measured. It is impor-
tant to note that the appropriate anti-Xa range was
slightly different between these studies and the studies
done in bariatric surgery patients (0.18-0.44 U/mL vs
0.2-0.5 U/mL). The significance of this is not known.
However, these 2 small studies provide evidence that
higher than standard doses of enoxaparin in patients
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with extreme obesity may also be needed outside the
bariatric surgical setting.

SUMMARY

There is evidence that standard doses of enoxa-
parin for VTE prophylaxis may not provide optimal
protection to patients with extreme obesity. The use
of higher than standard doses in these patients will
make sense, because the dose of enoxaparin for treat-
ment of VTE is based on patients’ weight. However,
at the moment, the most appropriate dose of enoxa-
parin for VTE prophylaxis in patients with extreme
obesity is still not clear. The studies that have tried
to answer this question using higher than standard
dosing fall short of providing an answer that can
be applied with confidence in clinical practice, espe-
cially outside the bariatric surgical setting. Most of
the studies are done in patients undergoing bariatric
surgery, and these patients are known to have higher
bleeding risks and higher BMIs and may have more
risk factors for VTE than other patients with extreme
obesity.

In the bariatric surgical patient, the strongest
data seem to support the use of 40 mg of enoxaparin
SQ every 12 hours. The use of this dose was shown to
decrease the risk of VTE in patients undergoing bar-
iatric surgery and to bring more patients to a desired
anti-Xa level when compared to standard doses.

In the nonbariatric surgical setting, there are
limited data; only 2 studies have been published.
One of the studies is in surgical intensive care unit
(ICU) patients and the other in non-ICU medically
ill patients. Both studies used a dose of 0.5 mg/kg/
day that was shown to be effective and safe in these
patients. However, the studies only included a small
number of patients.

Pharmacists need to individualize the dose
of enoxaparin for patients with BMI greater than
40 kg/m? based on the patients’ risk of bleeding and
thromboembolism. If the risk of bleeding is not high,
doses of 40 mg SQ every 12 hours seem to be a safe
and effective strategy.

Additional large, randomized, controlled tri-
als that evaluate the incidence of VTE in patients
with extreme obesity, in different hospital settings,
are needed to determine the efficacy and safety of
higher than standard doses of enoxaparin for VTE
prophylaxis.
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