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Abstract

Enoxaparin is a hydrophilic drug with obesity having little effect on its apparent volume of distribution, therefore patients
with obesity receiving standard 1 mg/kg dosing may be at a higher risk of supratherapeutic dosing. Conversely, dose
reducing patients with obesity could place already at risk patients at higher risk of a thrombotic event. Data and recom-
mendations are variable for the most appropriate weight-based dose of therapeutic enoxaparin in obese patients, par-
ticularly those a weight> 100 kg or a body mass index (BMI)>40 kg/m?. The purpose of this systematic review was to
globally evaluate these data to surmise optimal dosing recommendations for patients with obesity. A systematic review of
English language studies was conducted and identified articles via Pubmed, EMBASE, and the Cochrane Central Register
of Controlled Trials (CENTRAL) searches. Studies were included if they reported therapeutic enoxaparin use in adult
patients with a BMI>40 kg/m* or body weight> 100 kg and the percentage of patients achieving a therapeutic anti-Xa
based on a weight-based dose or the weight-based dose required to produce a therapeutic anti-Xa level. Therapeutic
attainment of anti-Xa levels were assessed across enoxaparin weight-based dosing categories including a very low dose
group: < 0.75 mg/kg, low dose group: 0.75-0.85 mg/kg, and standard dose group: > 0.95 mg/kg. Rates of bleeding and
thrombosis were also evaluated. A total of eight studies were included. For anti-Xa level assessment, 682 patients were
included. A total of 62% of anti-Xa levels were therapeutic in the very low dose group, 66% in the low dose group, and
42% in the standard dose group. Overall rates of total bleeding and thrombosis were assessed in 798 patients. A total of
29 bleedings (3.6%) occurred, and 27 reported a relationship to dose. Most bleedings, 85.2% (n=23/27), occurred with
doses in the standard dose group (> 0.95 mg/kg). Thrombosis occurred in 5 patients (0.6%). Utilization of a reduced
weight-based dosing strategy for therapeutic enoxaparin in obese patients may increase the percentage of patients with a
therapeutic anti-Xa level.

Key points

1. Current evidence for therapeutic enoxaparin use in obese patients mainly consists of small, retrospective data, but inap-
propriate dosing may lead to bleeding or thrombotic events.

2. This review identified eight studies that assessed therapeutic enoxaparin dosing in patients with a BMI>40 kg/m? or
> 100 kg and determined that patients with a reduced dosing regimen (0.75-0.85 mg/kg) achieved goal anti-Xa levels
66% of the time compared to 43% of the time with full weight-based dosing (> 0.95 mg/kg).

3. Rates of bleeding occurred in 3.6% of patients, most of which (>85%) were in the full weight-based dosing group.
4. Use of a reduced weight-based dose of enoxaparin (0.75-0.85 mg/kg) may result in more obese patients with a
BMI >40 kg/m? or body weight> 100 kg achieving goal anti-Xa levels than full weight-based dosing.

5. Prospective randomized-controlled trials are required to verify clinical outcomes in this population.
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Introduction

Enoxaparin is commonly used for the treatment of acute
coronary syndromes, venous thromboembolism, and stroke
prevention in patients with atrial fibrillation; though it is a
high-risk medication that can lead to bleeding events [1—
3]. In 2016, almost 2 billion adults worldwide were over-
weight, with over 650 million of those being obese [4]. The
pharmacokinetic properties of enoxaparin are predictable
in most patients, which informed the traditional treatment
dose of enoxaparin to be based on actual body weight, typi-
cally 1 mg/kg twice daily. However, in obese patients there
is concern for supratherapeutic plasma concentrations with
full weight-based dosing as obesity has little effect on the
apparent volume of distribution of enoxaparin due to its
hydrophilicity [1]. Though routine laboratory monitoring
with anti-Xa assays is not necessary in most patients, it may
be of benefit in this population due to supratherapeutic lev-
els being observed [2]. Target peak anti-Xa levels for twice
daily dosing are typically 0.5 or 0.6-1.0 IU/mL and can be
utilized as a surrogate marker of therapeutic effectiveness
and safety [3, 5-7]. Large registry data suggests full weight-
based dosed enoxaparin in obese patients is associated with
an increase in major bleeding and coupled with the pharma-
cokinetic profile of the drug, some experts advocate use of
a reduced enoxaparin dose (< 1 mg/kg twice daily) [8—10].

Current guidelines either suggest against dose reduc-
tions or do not comment on dose adjustments in the obese
population [11-13]. The CHEST guidelines for treatment of
VTE do not make a recommendation regarding enoxapa-
rin dosing and the American Society of Hematology (ASH)
guidelines suggest obese patients receive enoxaparin full
weight-based dosing without a dose maximum. This is a
conditional recommendation based on very low certainty of
evidence with the main concern being the potential serious
impact of underdosing and treatment failure if lower than
full weight-based doses are utilized.

To date, there have been several studies seeking to define
optimal therapeutic enoxaparin dosing in obesity but these
are generally small, single center, retrospective studies,
some of which have conflicting conclusions [14-23]. This
is likely why guidelines have not recommended reduced
dosing in patients with obesity using full dose enoxaparin
despite the pharmacokinetic profile of the drug. Due to risk
of bleeding or thrombotic events associated with supra or
subtherapeutic dosing, attention needs to be drawn to appro-
priate dosing in this population. To better align and assess
the evidence available, a systematic review of therapeutic
enoxaparin dosing strategies in obese patients based on
resultant anti-Xa levels was conducted.
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Methods
Search strategy and study selection

An electronic literature search was performed in PubMed,
EMBASE, and the Cochrane Central Register of Controlled
Trials (CENTRAL). The parameters utilized for the database
search included: “obesity” OR “obese” AND “low molecu-
lar weight heparin” OR “enoxaparin” from the January 1st,
2000 through April 27th, 2022. Filters were set to include
studies written in English and exclude animal studies.

Studies met inclusion criteria if they reported therapeu-
tic enoxaparin use in adult patients with a BMI>40 kg/m?
or body weight> 100 kg and reported an outcome of inter-
est. Trials were included if the dosages in the inclusion
criteria were < 1 mg/kg twice daily for CrCl>30 ml/min
and < 1 mg/kg daily for non-hemodialysis patients with a
CrCl <30 ml/min for therapeutic indications such as DVT
or PE. Outcomes of interest included the percentage of
patients achieving a therapeutic anti-Xa based on a weight-
based dose and the weight-based dose required to produce
a therapeutic anti-Xa. Therapeutic attainment of anti-Xa
levels was assessed across enoxaparin weight-based dosing
categories including a very low dose group: < 0.75 mg/kg,
low dose group: 0.75-0.85 mg/kg, and standard dose group:
> 0.95 mg/kg. These dosing categories were chosen after
visual inspection of the data in an attempt to assimilate the
data into dosage groups used in clinical practice while tak-
ing into consideration the spread of the data to ensure the
results of the systematic review were reflective of the indi-
vidual study data. In studies that utilized and evaluated a set,
weight-based dose, that dose determined the category group-
ing. When the enoxaparin weight-based dose was reported
as a median and interquartile range (IQR), the median and
interquartile range (IQR) were used to determine the dosing
category. When this occurred, the median dose and IQR was
required to be 0.02 mg/kg from the upper or lower range of
the dose group, to ensure the data included was representa-
tive of dosages in that specific weight-based group. In cases
of multiple anti-Xa level assessments and/or dose adjust-
ments, the first dose and anti-Xa level reported was utilized
for systematic review purposes. Each institution’s deter-
mination of anti-Xa sampling time and laboratory specific
therapeutic anti-Xa levels were used. Review articles, case
reports/series, articles on LMWHs other than enoxaparin
(i.e., dalteparin and tinzaparin), hemodialysis, and articles
on pediatric and pregnant patients were excluded.

Six reviewers (MC, KZ, UA, AD, SR, AS) working in
pairs of two independently screened each abstract for rele-
vance. The full-length text of each eligible study was exam-
ined by the assigned reviewer pair and reasons for exclusion
were documented. Any disagreement between abstract and
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full-text selection was resolved by a third reviewer. After
identifying eligible studies, the same investigators indepen-
dently searched through the reference lists of included stud-
ies to identify articles that may not have been captured by
the database search.

Outcomes

The primary outcome was the percentage of patients
achieving a goal anti-Xa level based on the weight-based
enoxaparin dose in mg/kg. The secondary outcome was an
evaluation of effectiveness and safety as determined by rates
of thrombosis and bleeding while receiving enoxaparin ther-
apy. Thrombotic events were defined in alignment with the
reporting paper. When bleeding events were described, they
were categorized into the International Society of Throm-
bosis and Haemostasis (ISTH) definition of major bleeding
as determined by initial paper definition or a decrease in
hemoglobin of at least 2 g/dL [24].

Data extraction and risk of Bias Assessment

Data extraction of included full-text articles was divided
among six reviewers (MC, KZ, UA, AD, SR, AS) which
were synthesized into two summary tables for trial design
and outcomes. Reviewers recorded available data on trial
design, inclusion/exclusion criteria, anti-Xa monitoring pro-
cedures, sample size, patient characteristics (weight/BMI,
creatinine clearance/glomerular filtration rate), weight-
based doses of enoxaparin (mg/kg), percentage of patients
achieving goal anti-Xa, dose required to achieve therapeutic
anti-Xa levels, bleeding, and thromboembolic outcomes.

Two independent reviewers (MC, AW) assessed risk of
bias for included studies. The Newcastle-Ottawa scale was
used for observational studies while the Cochrane Collabo-
ration’s Risk of Bias 2.0 tool was used for randomized clini-
cal trials (RCTs) [25, 26]. Disagreements were resolved by
a third reviewer.

Data synthesis

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist was used (Supplemen-
tary Fig. 1). Due to the heterogeneity in patient populations
and outcomes, data was summarized descriptively, and
qualitative synthesis of the data was performed (Supple-
mentary Tables 1-2).

Results
Search results

The database search produced 1191 manuscripts and 551
were included in the initial screening after the removal of
duplicate papers. Sixteen full length papers were reviewed,
and after applying inclusion and exclusion criteria, a total
of eight manuscripts were included in the systematic review
(Fig. 1) [14-21].

Study characteristics

Of the included articles, seven evaluated a set enoxaparin
mg/kg dose and one evaluated prescribing practices in their
institution and described dose retrospectively in relation-
ship to goal attainment of anti-Xa levels (Tables 1 and 2).
Included studies were published between 2015 and 2021
and evaluated 798 patients. Two studies were conducted in
Australia with the remaining being conducted in the US.
Six studies were single-centered, retrospective studies; one
was a multicenter, retrospective study; and one was a ran-
domized controlled trial. Study durations followed patients
while hospitalized and receiving enoxaparin therapy or until
first goal anti-Xa level was attained. Patients were moni-
tored for thrombosis and bleeding outcomes until therapeu-
tic anti-Xa level or the duration of enoxaparin therapy in
four studies, were assessed for five days after therapy in one
study, 30 days in two studies, and 90 days in one study.

Percent anti-xa goal attainment

A total of 682 patients in eight studies with reported anti-Xa
levels were assessed. There were 37 patients who received
a dose <0.75 mg/kg and 62% (n=23/37) had anti-Xa lev-
els that were therapeutic at their institution, 27% (n=10/37)
subtherapeutic, and 11% (n=4/37) supratherapeutic. There
were 88 patients who received dose between 0.75 and
0.85 mg/kg, of which 66% (n=>58/88) were therapeutic,
13% (n=11/88) subtherapeutic and 22% (rn=19/88) supra-
therapeutic. There were 557 patients who received a dose
greater than or equal to 0.95 mg/kg and 42% (n=232/557)
were therapeutic, 7% (n=39/557) subtherapeutic, and 51%
(n=286/557) supratherapeutic. Figure 2 depicts the anti-Xa
results by dosing group.

Clinical outcomes
There were 798 patients across the eight included studies
who were evaluated for bleeding and thrombosis outcomes.

Overall rates of total bleeding were 3.6% (n=29/798). Two
bleeding events were not defined, and of the 27 bleeding
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Identification of studies via databases and registers
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Duplicate records removed
(n = 640)

A

Reports excluded:
Did not meet inclusion criteria (n = 397)
Pregnant patient (n = 20)
Pediatric patients (n = 15)
Case studies (n = 45)
Review articles (n = 53)
Unavailability of English text (n = 5)

»| Full-text articles excluded, with reasons:

)
c
.2
§ Records identified from database
= search (n =1191)
=
()
S
(" ' A
Records screened
(n =551)
o
£
c
(<]
-
= y
Full-text articles assessed for
eligibility
(n=16)
—
\4

Studies included in review
(n=28)

Fig. 1 Flow diagram of included studies

events that were, rates of ISTH major bleeding were 77.8%
(n=21/27). Of the 29 total bleeding events, 27 were reported
in relationship to the weight-based enoxaparin dose received
and 85.2% (n=23/27) occurred with doses > 0.95 mg/kg.
Of these 29 bleeding events, 22 had anti-Xa levels docu-
mented of which, 13 (59%) were supratherapeutic. Rates of
thrombosis were 0.6% (n=15/798). Three thrombotic events
were described in relation to their weight-based enoxapa-
rin group, and one occurred in the 0.75-0.85 mg/kg (33.3%)
dosing group and two occurred in the > 0.95 mg/kg (66.7%)
dosing group. Of the five thrombotic events, four anti-Xa
levels were reported of which three (75%) were therapeutic
and one (25%) was supra-therapeutic.

@ Springer

LMWH other than enoxaparin (n = 3)
Inability to distinguish impact of obesity
or renal function on outcomes (n = 2)
Dosing not in alignment with study (n =
1)

Lack specific anti-Xa data (n = 1)
Pharmacokinetic study (n = 1)

Discussion

In this systematic review, anti-Xa levels, bleeding and
thrombotic events were evaluated in obese patients receiv-
ing full dose enoxaparin therapy at standard (> 0.95 mg/kg)
versus reduced dosages that were grouped into < 0.75 mg/kg
(very low) and 0.75-0.85 mg/kg (low) categories. Patients
receiving 0.75-0.85 mg/kg experienced more therapeutic
anti-Xa results without an apparent increase in thrombotic
risk while patients receiving > 0.95 mg/kg had fewer thera-
peutic anti-Xa levels with an apparent increase in bleeding
events. In patients with obesity with a BMI > 40 kg/m? or
a body weight> 100 kg, it may be prudent to use a dose
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Table 1 Study characteristics

Article Design Inclusion Weight and/or ~ Anti-Xa Monitoring Enoxaparin Dosing
BMI

Retrospective Cohort Studies

Lalama Single center Wt>200 kg or Drawn after 4th dose CrCl>30 mL/min:

(2014) BMI > 40 kg/m> Target: 0.6-1 IU/mL 0.75 mg/kg twice daily

CrCl <30 mL/min:
0.75 mg/kg daily

Thompson-Moore Single center Wt> 140 kg Drawn 4 h post 2 or 3 doses >0.95 mg/kg twice daily

(2015) BMI > 40 kg/m? Target: 0.6-1 TU/mL versus < 0.95 mg/kg
twice daily

Lee Single center Wt>150 kg Drawn 4 h after 3rd dose CrCl>30 mL/min: 1 mg/

(2015) BMI > 40 kg/m? Target: 0.5-1.1 IU/mL kg twice daily

CrCl <30 mL/min:
1 mg/kg daily

Van Oosterom Multicenter Wt>100 kg Drawn 3-5 h post at least 2 doses ~ Three categories:

(2019) Target: 0.5-1 IU/mL <0.75 mg/kg twice daily
0.75-0.85 mg/kg twice
daily
> 0.85 mg/kg twice daily

Maclachlan Single center Wt>100 kg Drawn 2-6 h after 2 or more doses 1 mg/kg twice daily

(2019) Target: 0.5-1 IU/mL

Lee Single center Wt>150 kg Drawn after 3rd dose 1 mg/kg twice daily

(2019) BMI > 40 kg/m? Target: 0.5-1 IU/mL

Berger Single center BMI > 40 kg/m? Drawn prior to 3—4 dose 1 mg/kg twice daily

(2021) Target: 0.5-1 IU/mL

Randomized Controlled Trial

Curry Single center BMI > 40 kg/m> Drawn 3-5 h after at least 3 doses 1 mg/kg twice daily

(2018) Target: 0.5-1.1 IU/mL versus 0.8 mg/kg twice

daily

BMI=body mass index; CrCl=creatinine clearance; NR =not reported; Wt=weight

of 0.75-0.85 mg/kg when utilizing full dose enoxaparin to
optimize clinical outcomes.

One study in this review was not in alignment with
the conclusion to adjust the dose of enoxaparin in obese
patients [17]. In the Machlachlan study, the authors con-
cluded that full, weight-based dosing should be utilized in
obese patients as anti-Xa levels and clinical outcomes were
not statistically significantly different between obese and
non-obese groups receiving 1 mg/kg of enoxaparin every
12 h [17]. Importantly, this study was not powered to assess
clinical outcomes with a small number of enrolled patients
(n=166). Additionally, there was a trend in increasing
numbers of patients with a supratherapeutic anti-Xa result
with increasing weight. 50% of patients weighing 130 kg
or greater with a BMI over 45 kg/m® had supratherapeutic
levels and 59% of patients with a BMI over 50 kg/m? had
supratherapeutic levels. This suggests that as body weight
and BMI increase, the weight-based dose required to elicit
the same PD effect decreases, which is also supported by the
other studies presented in this review [16, 18, 21]. Lastly,
anti-Xa levels were drawn 2—6 h after the 2nd dose in this
analysis. Pharmacokinetic data supports that max anti-Xa
activity (Tmax) and time to steady state are prolonged in
obese patients which could result in an underestimation

of true pharmacodynamics of enoxaparin in this study [2].
With the trend in increasing supratherapeutic anti-Xa levels
with increasing BMI as well as potential for anti-Xa levels
to be drawn prior to steady state, it is challenging to con-
clude that a full weight-based dosing strategy is best for
obese patients.

While anti-Xa levels are a surrogate measure of thera-
peutic activity, clinical outcomes, namely thrombosis
and bleeding should also be considered. Data suggests
improved clinical outcomes in obese patients when using
reduced doses. [8, 9] In an analysis of 2846 patients weigh-
ing> 100 kg who received capped doses (18,000 [U/d) ver-
sus uncapped doses (> 18,000 1U/d) of LMWH for VTE,
capped doses were associated with a reduction in the com-
posite endpoint of VTE reoccurrence, major bleeding, or
death at 15 days after adjusting for multiple confounders
using multivariable logistic regression (odds ratio, 0.17;
95% CI, 0.04-0.71). This significance was largely driven by
unadjusted major bleeding which was significantly higher
in the uncapped treatment group [n=26 (1.1%) vs. n=0,
p=0.026] while recurrent VTE and death at 15 days were
not significantly different between groups [9]. Of note,
these data were from the Canadian RIETE registry, and the
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Table 2 (continued)

Throm-
botic

Bleeding

Mean Dose for

Patients with Goal Anti-Xa Level

Renal Function

Patient Weight and/

or BMI

Article

Therapeutic Anti-Xa Outcomes’

Level

Outcomes’

Randomized Controlled Trial

0 (0%)

0 (0%)

NR

SCr 1.1 (0.9-1.4) Dose 0.8 mg/kg:

mg/dL°®

Wt: 147 (129-163)

kg®

62

Curry

(2018)

Supratherapeutic: NR

Therapeutic: 25 (89.3%)
Subtherapeutic: NR

Dose 1 mg/kg:

BMI: 46.7 (42.7—
54.9) kg/m>®

Supratherapeutic: NR

Therapeutic: 20 (76.9%)
Subtherapeutic: NR

weight

not reported; SCr=serum creatinine; Wt=

body mass index; NR=

BMI=

#Median (range)

"Mean

‘Median

9Mean (standard deviation)

*Median (interquartile range)

fPatients were monitored for thrombosis and bleeding outcomes until therapeutic anti-Xa level or the duration of therapy in four studies, five days after therapy in one study, 30 days in two

studies, and 90 days in one study

majority of uncapped patients were treated with enoxapa-
rin (91%) compared to tinzaparin in the capped dose group
(55%).

Further safety data can be ascertained from two large
registry databases evaluating enoxaparin use in patients
with acute coronary syndrome (ACS), the Can Rapid Risk
Stratification of Unstable Angina Patients Suppress Adverse
Outcomes with Early Implementation of the American Col-
lege of Cardiology-American Heart Association Guidelines
(CRUSADE) national quality improvement initiative and
Pitié-Salpétriere Registry on Ischemic Coronary Syndromes
(PARIS) [6, 8]. Enoxaparin dosing was grouped into rec-
ommended dosing (0.95-1.05 mg/kg) versus reduced dos-
ing (<0.95 mg/kg) to evaluate major bleeding unrelated
to CABG in the CRUSADE registry [8]. Patients weigh-
ing>150 kg who received recommended dosing had a
higher risk of bleeding compared to those weighing > 150 kg
who received a lower dose (adjusted OR 2.42, 95% CI
0.70-8.37). Patients in the PARIS registry were assessed for
clinical outcomes associated with three anti-Xa level cate-
gories: < 0.5 IU/mL, > 0.5 IU/mL - < 1.2 IU/mL, and > 1.2
IU/mL [6]. Patients in the group with anti-Xa levels <0.5
IU/mL had increased rates of mortality, death, and major
bleeding compared to the other groups however this group
also had baseline characteristics associated with poor out-
comes including older age, impaired renal function, more
ST-segment depression, and higher TIMI risk scores which
prompted use of lower doses of enoxaparin accordingly. It
is difficult to determine if these poor outcomes were related
to baseline characteristics of this group or the anti-Xa level
directly, as measures of left ventricular function, older age,
and non-Q-wave myocardial infarctions were also associ-
ated with these worse outcomes.

The results of our analysis support the RIETE and CRU-
SADE evaluations. In this systematic review, almost all
bleeds occurred in the >0.95 mg/kg group. Of note, over
half of this weight-based dosing group had supratherapeutic
anti-Xa levels. Additionally, rates of thrombosis were not
increased at lower weight-based doses. This data should be
interpreted with caution however as the majority of patients
included in this systematic review received full dose
(=0.95 mg/kg) enoxaparin making comparisons across dos-
ing groups significantly imbalanced. Both rates of bleeding
and thrombosis were low in this systematic review making
conclusions harder to draw but when taken into consider-
ation with registry data it would appear that obese patients
have higher rates of untoward outcomes when using full
weight-based dosing and that a reduced dosing strategy may
be more optimal.

Some studies have suggested a most appropriate dose
of enoxaparin for patients with obesity based on the
dose required to achieve therapeutic anti-Xa levels in the
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Comparison of Anti-Xa levels by dosage

10.8%

<0.75 mg/kg
n=37
B Sub-therapeutic

0.75-0.85 mg/kg
n=388
B Therapeutic

21.6%

51.3%

>0.95 mg/
n =557

Supra-therapeutic

Fig.2 Comparison of therapeutic anti-Xa levels by weight-based dosage group

population studied [15-18, 28]. The first study to define an
optimal dose was a case series completed by Deal et al. and
determined an ideal dose of 0.74 mg/kg in patients with an
average BMI of 49.5 kg/m? [27]. Subsequent studies have
defined optimal doses ranging from 0.70 to 0.81 mg/kg per
dose. This variability is likely due to multiple factors. First,
it appears that even within a population of obese patients,
those with higher BMIs require less drug to achieve simi-
lar anti-Xa levels, particularly in patients with a BMI over
50 kg/m? [16, 18, 21]. Consequently, the study by Thomp-
son-Moore et al. with an average BMI of 46.6 kg/m® sug-
gests a higher optimal dose around 0.8 mg/kg, but the Lee
study determined a lower optimal dose of approximately
0.70 mg/kg in those with a BMI between 50 and 70 kg/m?
[16, 17]. Second, timing of anti-Xa level obtainment impacts
the likelihood the drug is at steady state. Obese patients may
take longer to reach steady state as a previous pharmaco-
kinetic and pharmacodynamic study found that on visual
inspection of concentration/time curves, normal weight
patients require two doses of enoxaparin to reach steady
state, but obese patients require three [2]. Similarly, the time
to max anti-Xa activity (Tmax) was one hour later in obese
vs. non-obese patients (4 vs. 3 h, p=0.005). If drawn too
early (i.e. after the second dose) or within a few hours after
dose administration, the anti-Xa inhibition may not yet be
at maximal, steady state effect, making it appear that higher
doses would be required which correlate with studies that
assessed levels after the second dose. [17, 18] Therefore,
the degree of obesity and timing of anti-Xa level sampling
likely account for some of the variation and it is important
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to consider these factors when selecting an appropriate dose
and anti-Xa monitoring strategy.

Based on our results, anti-Xa levels were most optimally
distributed in obese patients at a dose of 0.75-0.85 mg/kg,
which aligns with the optimal doses reported within the
included studies and clinical data. [8, 9, 15-18, 27] As a
pragmatic approach to consolidate dosing strategies, we
recommend the following for use with therapeutic enoxa-
parin dosing: In patients with a BMI over 40 kg/m? and less
than 200 kg, enoxaparin should be dosed at 0.75-0.85 mg/
kg twice daily for CrC1>30 ml/min and daily for non-
hemodialysis patients with a CrCl <30 ml/min. In patients
with a BMI>40 kg/m? and < 50 kg/m?, the higher end of
the dosing range should be used, and in patients with a
BMI > 50 kg/m?, the lower end of the dosing range should
be used. Anti-Xa levels should be obtained approximately
4 h after at least three doses of enoxaparin to account for
the longer time to steady state and Tmax in patients with
obesity. As this dosing recommendation is not supported by
guidelines and based on limited data, monitoring anti-Xa
levels is recommended. Based on a paucity of data, recom-
mendations cannot be made in patients greater than 200 kg.

It is important to note that these recommendations only
apply to enoxaparin and not other LMWHs. Based on the
variation of factor Xa and Ila inhibition with each of the
LMWHs, the anti-Xa levels will not necessarily be the same
for therapeutically equivalent doses [28]. In the limited data
that exists evaluating dalteparin and tinzaparin in patients
with obesity it appears that anti-Xa levels may not be corre-
lated with body weight [29-31]. It is possible that dalteparin
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and tinzaparin behave differently in obese patients and fur-
ther research with these agents would be needed before dos-
ing recommendations from this systematic review could
be extrapolated to dalteparin or tinzaparin use. Addition-
ally, the recommendations cannot be used for patients with
renal dysfunction, liver dysfunction, pediatric, or pregnant
patients. In patients with renal dysfunction, it is clear that
accumulation occurs, and it may be pertinent to be more
conservative with dosing and monitoring anti-Xa levels.
[32, 33] Furthermore, in patients with cirrhosis the changes
in the coagulation cascade may make interpretation of anti-
Xa levels variable. [34, 35] Pregnant patients have a differ-
ent volume of distribution than an obese patient, and there is
variation in anti-Xa levels throughout pregnancy [36]. Due
to the general lack of data and outcomes in these popula-
tions, the current review did not investigate these groups.

Guidance surrounding agent selection for therapeutic
anticoagulation tends to favor direct acting oral antico-
agulants (DOAC) in most patients over LMWH [11-13].
Interestingly, the risk of using non-weight based dosing for
DOAC:s in patients with obesity draws concern for subthera-
peutic dosing and potential treatment failure while enoxapa-
rin is concerned with supratherapeutic dosing and bleeding
based on differences in volume of distribution. Despite this
potential concern, rivaroxaban and apixaban have been
studied in patients with obesity and subsequently the ISTH
recommends that rivaroxaban, apixaban, vitamin K antago-
nists, weight-based LMWH, and fondaparinux can be used
in patients with a BMI over 40 kg/m* or weight> 120 kg
[37]. Though DOACs are often selected in obese patients,
in the cancer population LMWH are still readily used, with
over half of this population prescribed LMWH in 2017 [38].
Though this number is likely declining with guidance for
DOAC use in this population, accuracy of dosing is still
warranted [39].

There are important limitations to consider. While obe-
sity is an important factor to consider when dosing and
monitoring enoxaparin, renal function will affect enoxapa-
rin concentrations, likely to an even greater degree [22]. The
inclusion criteria for this systematic review was careful to
take renal function into consideration and removed studies
that included patients with concomitant extremes of renal
function and body weight so as to try to remove the con-
founding factor of renal function from obesity. However,
renal function was not documented in every study and when
provided it was not translatable across studies (e.g., CrCl
calculated with lean vs. actual body weight, eGFR, SCr).
It is possible that varied renal function could have affected
anti-Xa levels that were used to compute the recommenda-
tions in this review. Other variables such as co-morbidities
and concomitant medications (e.g., warfarin, antiplate-
lets) were also minimally documented in these studies. It

is possible this could have impacted the individual studies
especially with regards to bleeding outcomes.

Most studies included in this systematic review were
retrospective with a relatively small number of participants
and less patients received adjusted dosing compared to full
weight-based dosing. This may have influenced clinical out-
comes such as bleeding which appear higher in those who
received full weight-based dosing but likely driven by the
differences in population size between groups. However,
based on the reproducibility of results between studies,
with reasonable explanations for variation (levels of BMI,
timing of laboratory draws), it is possible to make recom-
mendations from the totality of data. A limitation of note
is an omission of a 0.86—0.95 mg/kg group, this was due to
minimal data in this dosing range so conclusions cannot be
drawn regarding use of this dosage. More data is required to
validate the clinical findings associated with anti-Xa levels
to confirm the anti-Xa ranges selected as therapeutic, but
with the information available, an adjusted dosing regimen
in obese patients is reasonable and may decrease bleeding
events.

Conclusion

Evidence suggests that more obese patients achieve thera-
peutic anti-Xa levels with a reduced weight-based thera-
peutic enoxaparin strategy. As weight and/or BMI increases
within the obese category, reduced weight-based dosing
may become critical to prevent adverse outcomes. Based
on the current evidence, it is reasonable to use a reduced
weight-based dose of enoxaparin in obese patients.
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