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Abbreviations
ACS	 :	 Acute Coronary Syndromes

LMWH	 :	 Low Molecular Weight Heparin

NSTEMI	 :	 Non-ST Elevation Myocardial Infarction

STEMI	 :	 ST Elevation Myocardial Infarction

FDA	 :	 Food and Drug Agency

ACC	 :	 American College of Cardiology

BMI	 :	 Body Mass Index

Introduction
	 Enoxaparin is a Low Molecular Weight Heparin (LMWH) that 
is commonly used in the treatment of Acute Coronary Syndromes 
(ACS). Several pivotal trials have demonstrated the superiority of 
enoxaparin over unfractionated heparin and enoxaparin is currently 
recommended over unfractionated heparin for the acute management 
of ACS [1,2]. The current established dosing of enoxaparin for ACS is 
30 mg intravenously (IV), then 1 mg/kg Subcutaneously (SC) twice a 
day for ST Elevation Myocardial Infarction (STEMI) with fibrinolytic 
therapy and 1 mg/kg sc twice a day for Non-ST Elevation Myocardial 
Infarction (NSTEMI) [3,4]. While in the United States, the current 
Food and Drug Agency (FDA) monograph for enoxaparin does not 
state a specific dose maximum for weight based enoxaparin for ACS 
treatment, other countries such as Canada does stipulate a maximum 
of 100 mg per dose [5,6].

	 A clinical scenario that commonly arises where obese patients are 
anticoagulated with enoxaparin in their treatment of ACS and their 
calculated enoxaparin dose results in doses greater than 100 mg per 
individual dose. There is debate surrounding the application a maxi-
mum dose or a maximum dose limit, or dose cap, with weight-based 
dosing of enoxaparin for obese patients [7,8,9]. The dilemma sur-
rounding enoxaparin dosing in obesity is the potential of excessive 
anticoagulationleading to an increased risk of bleeding, if no maxi-
mum dose limit is applied, juxtaposed with possible under-dosing that 
could lead to inadequate anticoagulation.

	 Pharmacokinetic studies evaluating the accumulation of  
enoxaparin and monitoring of antiXa levels in obese patients have  
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Abstract
	 Enoxaparin dosing for treatment of acute coronary syndromes 
(ACS) in obese patients is controversial and current guidelines do 
not provide recommendations. This review will systematically search 
the literature to determine if a maximum dose limit should be applied 
with weight based enoxaparin dosing in obese ACS patients.

	 A search of MEDLINE, EMBASE, PUBMED, CENTRAL, CDSR, 
Google Scholar and Google with the key words “acute coronary 
syndromes, myocardial infarction, enoxaparin, obese, dosing” was 
performed. Only articles that were clinical studies with an obese and 
non obese comparator group were included. Pharmacokinetic stud-
ies, studies with laboratory endpoints, review articles, letters and 
case reports were excluded.

	 Four clinical studies were retrieved based on the search crite-
ria established. Subgroup analysis from the landmark enoxaparin 
trials ESSENCE and TIMI 11b in ACS demonstrate that there is no 
increased rate of bleeding or adverse cardiovascular outcomes in 
obese patients who receive enoxaparin dosed based on total body 
weight, without a maximum dose cap, compared to non obese pa-
tients. Subgroup analysis from the SYNGERY trial showed that use 
of enoxaparin without a maximum dose was not an independent pre-
dictor of cardiovascular outcomes or bleeding. Other retrospective 
studies also demonstrate that dosing enoxaparin in obese patients 
with ACS, without a maximum dose cap, did not lead to higher rates 
of bleeding. However, analysis of the CRUSADE registry suggest-
ed that enoxaparin doses exceeding 150 mg was associated with 
higher rates of bleeding. Thus, the available evidence consistently 
suggests that individual enoxaparin doses above 150 mg led to high-
er rates of bleeding, thus a maximum dose limit of 150 mg of enox-
aparin should be applied. We propose a guide that helps clinicians 
decide if a maximum dose limit should be applied to weight based 
enoxaparin dosing in obese patients presenting with ACS.
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demonstrated that dosing enoxaparin based on total body weight, 
without a maximum dose, does not lead to excessive anticoagulation 
[10]. However these studies are based on laboratory endpoints and 
may not translate to clinical outcomes. The utility of anti-Xa levels for 
monitoring efficacy of enoxaparin and LMWHs has been questioned 
as well [8,11].

	 Current ACS guidelines do not provide guidance if a maximum 
dose should be applied to enoxaparin dosing in obese patients. The 
current American College of Cardiology (ACC) STEMI and NSTEMI 
guidelines do not provide specific recommendations and largely fol-
low the manufacturer’s recommendations [3,4]. The current CHEST 
guidelines recommend that there should not be a maximum dose 
cap applied to enoxaparin dosing in obese patients (to a maximum of 
144kg body weight or a Body Mass Index (BMI) of 30 kg/m2), largely 
based on pharmacokinetic studies [12].

	 Thus, clinician’s areleft with unclear guidance on whether enox-
aparin dosing in obese patients presenting with ACS should have a 
maximum enoxaparin dose limit applied to them. As current guide-
lines do not offer any guidance, this review will systematically search 
the available literature and provide insight for clinicians in how to an-
ticoagulate obese patients presenting with ACS.

Methods
	 A search of MEDLINE, EMBASE, PUBMED, CENTRAL, CDSR, 
Google Scholar and Google was performed for clinical studies from 
May 1990 to May 2016 that compared the use of enoxaparin in obese 
and non-obese patients for the treatment of ACS. The search was per-
formed using text words and MeSH and EMTREE keywords related 
to ischemia [acute coronary syndrome, coronary artery disease, myo-
cardial infarct, myocardial infarction, myocardial ischemia, coronary 
thrombosis, ST segment elevation myocardial infarction, non ST seg-
ment elevation myocardial infarction, sudden cardiac death, unstable 
angina], obesity [obesity, overweight, obes*], enoxaparin [enoxapa-
rin] and dose [dose cap, maximum dose]. Terms within each cate-
gory were combined with the Boolean operator “OR”, and categories 
were combined with the operator “AND”. A first search was performed 
with the combination of the first three categories (ischemia, obesity 
and enoxaparin) and a second one with the combination of ischemia, 
enoxaparin and dose. In addition, a hand search of the references of 
identified articles and of the similar articles suggested by the databases 
was done.

	 Only studies with clinical endpoints comparing dose capping to 
no dose capping in obese patients or dosing in obese versus non-obese 
patients were included. We excluded studies which reportedanti-Xa 
levels as the primary outcome, pharmacokinetic endpoints, in vitro 
or laboratory studies; surveys; expert opinions; reviews; case reports, 
abstracts, case series and any study not involving obese patients or 
without comparator arm (Figure 1).

Results
	 Based on our search parameters, 52 published articles were iden-
tified. Four met the inclusion and exclusion criteria and are reviewed 
below.

	 Spinler et al retrospectively analyzed the subgroup of obese 
patients in the ESSENCE and TIMI IIB study, where no maximum  

weight based dosing of enoxaparin was stipulated in both studies [13]. 
The authors compared the clinical outcomes of death, Myocardial In-
farction (MI) and urgent revascularization and bleeding in the non-
obese patients (n = 2.595) compared to the obese group (n = 921). 
There was no difference in the rates of death, MI or urgent revas-
cularization in the non-obese group versus the obese group (16.1% 
versus 14.3%, p = 0.39). As well, there was no difference in the rates 
of major hemorrhage between the non-obese group compared to the 
obese group (0.4% versus 1.6%, p = 0.12), although there was a higher 
rate of any hemorrhage (minor and major) in the obese group. Thus, 
the obese group (who received enoxaparin based on total body weight 
without any maximum dose cap) demonstrated similar cardiovascular 
outcomes and bleeding events compared to non-obese patients. The 
results from this analysis suggest that enoxaparin should be dosed by 
total body weight without any maximum dose.

	 Mahaffey et al analyzed the SYNERGY trial of which 32% of pa-
tients were obese (BMI > 30 kg/m2) [14]. Enoxaparin was dosed at 1 
mg/kg twice a day without a maximum dose cap. Multivariate logistic 
regression was used to adjust for independent predictors of bleeding 
and 30 day rates of death or MI. After adjustment, increased BMI > 
30 kg/m2 and use of enoxaparin without a maximum dose were not  
independent predictors of 30 day rates of death or MI or in-hospital 
bleeding events (p = 0.42 and p = 0.78 respectively) and no associa-
tion between BMI and event rates were found. The authors conclude 
that as no interaction was found between BMI and cardiovascular and 
bleeding outcomes, enoxaparin should be dosed at 1 mg/kg twice a 
day regardless of body weight and with no maximum dose (except in 
patients with extreme obesity).

	 Spinler et al investigated the CRUSADE national quality im-
provement initiative database and evaluated the enoxaparin dose ad-
ministered and bleeding outcomes reported [15]. Of the 19,061 pa-
tients with ACS in the CRUSADE registry, 3.899 were defined as obese 
(greater than 100 kg total body weight). The rates of major bleeding 
(unrelated to coronary artery bypass graft surgery) was compared 
among the patients who were non obese (< 100 kg) with those in the  

Figure 1: Dosing of  enoxaparin in obese patients with acute coronary syndromes 
literature search strategy and results.
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weight range of 101-120 kg, 121-150 kg and above 150 kg.  All pa-
tients in the CRUSADE database received the recommended 1mg/kg 
twice dailydosing of enoxaparin with no maximum dose limit based 
on weight. There was no statistical difference in the rates of major 
bleeding between the non obese group (6.6%), the 101-120kg group 
(4.6%) and the 121-150 kg group (5.6%). However, the rates of major 
bleeding increased in the group of patients weighing greater than 150 
kg (11.4%) whom received enoxaparin based on weight with no dose 
limit.  The authors conclude that the use of enoxaparin at the standard 
weight based dosing, with no dose limit in obese patients, was asso-
ciated with higher bleeding risk in those weighing more than 150 kg.

	 Hagopian et al conducted a retrospective study in 300 patients 
whom were treated with enoxaparin for various indications at single 
doses of at least equal or greater than 0.85 mg/kg [16]. Enoxaparin 
was used for ACS in 9% of the patients compared to use for deep vein 
thrombosis (59%) and pulmonary embolism (34%) in this study. One 
hundred obese patients (BMI >40 kg/m2) in this study were compared 
to 200 patients whom were non obese (BMI < 40 kg/m2) with the out-
come of bleeding; defined as overt bleeding resulting in death, retro-
peritoneal bleeding, intracranial hemorrhage, decrease in hemoglobin 
of >20 g/L, decrease in hematocrit of 12% or administration of >2 
units of packed red blood cells. Enoxaparin dosing in the obese group 
was lower than compared to the non obese group (0.98 mg/kg versus 
1.04 mg/kg respectively, p < 0.01). However, the rates of any bleeding 
event was no different in the obese group compared to the non obese 
group (29% versus 23.5%, p = 0.30). Based on this retrospective data 
of real life practice, the authors concluded that dosing of enoxaparin 
in obese patients, with doses capped at a maximum of 150 mg, was not 
associated with increased bleeding incidence. This study did not spe-
cifically study enoxaparin dosing in ACS patients, however ACS was 
one of the many reasons for anticoagulation in the patient population 
studied.

Discussion
	 There are no published studies that prospectively investigated ap-
propriate dosing of enoxaparin in obese patients in treatment of their 
ACS.  Most of the available literature is based on sub-group analysis 
of obese patients from the major clinical trials of enoxaparin in ACS 
[13].

	 Analysis of these obese subgroups of the major enoxaparin tri-
als and retrospective data suggests there is no increased incidence of 
bleeding in dosing enoxaparin with no maximum dose limit, up to 
approximately 150 mg per individual dose. While the data is far from 
robust, the results from these subgroup analysis and retrospective data 
are consistent.

	 In total, these four articles included 9943 patients with a BMI 
of at least 30 kg/m2 that received enoxaparin for ACS. Three of four 
articles agreed on the definitions of obese being BMI ≥ 30 kg/m2 or 
morbidly obese BMI ≥ 40 kg/m2 while one article reported the results 
mainly based on body weight. The heaviest patient weight and BMI 
reported in the reviewed studies came from Spinler et al., [13] and 
were 158.6 kg and 62.4 kg/m2 respectively. The subgroup analysis of 
ESSENCE and TIMI IIB by Spinler showed no difference in efficacy or 
safety clinical endpoints between non-obese and obese patients treat-
ed with enoxaparin (with no maximum dose limit) for ACS, however 
this subgroup analysis was likely underpowered to detect a potential 
difference in outcomes [13]. As well, it is plausible that obesity in  

itself may influence clinical outcomes rather than anticoagulation 
with enoxaparin. Obesity alone has been identified to be an indepen-
dent factor for outcomes after an ACS [17].

	 Other factors should be considered in dosing enoxaparin in obese 
patients beyond just the total body weight. Enoxaparin is dependent 
on renal function for elimination and its use is contraindicated in pa-
tients with several renal impairment [6]. Patients with moderate to 
severe renal impairment (e.g. glomerular filtration rate of less than 60 
ml/min) would be at risk for enoxaparin accumulation and bleeding. 
Duration of therapy of enoxaparin should also be a consideration. If 
a patient is treated with enoxaparin for an extended period of time, 
there is potential for accumulation of enoxaparin and this would po-
tentially lead to increased bleeding. Presence of such factors would 
incline a clinician to apply a maximum enoxaparin dose cap or do 
laboratory monitoring to ensure no excessive accumulation.

	 We propose a guide to help cliniciansdecidehow to dose enoxa-
parin in obese patients presenting with ACS (Table 1). The definition 
of obesity varied amongst the studies, however, the available literature 
generally establishes a BMI > 30 kg/m2 or total body weight > 100 kg 
as obese. If the patient is obese and have factors that would increase 
their risk of bleeding, we suggest use of unfractionated heparin which 
could be adjusted based on partial thromboplastin time or use of anti 
Xa level monitoring if enoxaparin use is preferred. While the useful-
ness of anti Xa level monitoring is debatable, elevated anti Xa levels 
would suggest excessive anticoagulation [8]. If the patient is obese and 
the calculated dose of enoxaparin is less than 150 mg but the patient 
is at a low risk of bleeding, then we would suggest dosing enoxaparin 
based on total body weight without a maximum dose.

	 One exception to our algorithm is patients who receive fibrino-
lytic therapy for a STEMI. Given the risk of bleeding and intracranial 
hemorrhage with fibrinolytic therapy, the EXTRACT study limited 
the maximum dose for the first 2 enoxaparin doses to 100 mg with 
administration of fibrinolytic therapy [2]. In these circumstances, it 
would be prudent apply to the maximum of 100mg per enoxaparin 
dose for the first 2 doses in obese patients.

Enoxaparin dosed at 1 mg/kg twice daily in patients who weight > 100 kg 
presenting with acute coronary syndromes

Continue enoxaparin at 1mg/kg 
twice a day without a maximum 

dose cap if

•	 Patient weight < 150kg or enoxa-
parin dose< 150mg per dose

•	 Patient has normal renal function

•	 Duration of  enoxaparin is short

•	 (e.g. 48- 72 hours)

•	 Patient is atlow risk of  bleeding

Use intravenous unfractionated hep-
arin or continue enoxaparin with 

anti Xa level monitoring if

•	 Patient weight > 150kg or enoxa-
parin dose>150mg per dose

•	 Patient has moderate to several 
renal impairment(e.g. glomerular 
filtration rate less than 60 ml/min)

•	 Duration of  enoxaparin is extended

•	 (e.g. up to 8 days or duration of  
hospitalization)

•	 Patient is at moderate or high risk 
of  bleeding(e.g. HAS BLED score 
greater than 3)

(the above patients are at highest 
risk of  bleeding due to enoxaparin 
accumulation, thus use of  heparin 
with partial thromboplastin time mon-
itoring or enoxaparin anti-Xa levels 
monitoring would ensure no excessive 
enoxaparin accumulation)

Table 1: Dosing of  enoxaparin for treatment of  acute coronary syndromes in obese 
patients.
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Conclusion
	 The dosing of enoxaparin in obese patients is controversial and 
carries the concerns of over anticoagulation and increase bleedinga-
long with the potential of under dosing. However, obese subgroups of 
the landmark enoxaparin ACS trials and other clinical studies suggest 
that there is no increased risk of bleeding with dosing enoxaparin in 
obese patients without a maximum dose. However, in patients weigh-
ing more than 150 kg or a single dose of enoxaparin greater than 150 
mg does have higher risks of bleeding and use of enoxaparin in these 
patients should be avoided. Other factors should be considered as 
well, such as renal function and bleeding risk. We provide a summary 
and recommendations which would help guide clinicians in deciding 
if their obese patients should be treated with enoxaparin without a 
maximum dose cap.
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