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Objectives: To evaluate the degree of anticoagulation achieved with different enoxaparin dosing
regimens used in obese and morbidly obese patients in a hospital setting in Jordan.

Methods: All obese adult patients who were prescribed enoxaparin for various indications were
invited to participate in the study. The anti-factor Xa (anti-Xa) level was checked once after 4-6
hours of the third or fourth dose of enoxaparin (at steady state). Patients were followed daily to
evaluate drug efficacy and safety through their hospital course.

Results: Enoxaparin daily dose used for prophylaxis indications ranged from 0.3 to 0.85 mg/kg
and from 0.31 to 2.25 mg/kg in case of certain treatment indications. Most participants who
received enoxaparin for treatment indications (76.9%) were on capping dosing regimens, which
was <1 mg/kg twice daily. On the other hand, most patients (88.5%) who received enoxaparin
for prophylaxis indications were on a fixed 40 mg/d dose. Among the 52 patients who completed
the study, 19 patients (36.5%) had therapeutic anti-Xa levels. The results showed no statistically
significant associations between regimens that were used and achieving therapeutic anti-Xa
level (p>0.05). No bleeding events or thrombocytopenia were noticed, and there was one case
of recurrent thrombosis.

Conclusion: Enoxaparin dosing regimens that were used for obese patients varied based on
prescribing physicians. Regardless of the regimen used, the majority of participants had non-
therapeutic anti-Xa. Individualized dosing regimens based on anti-Xa levels are warranted for
obese patients on enoxaparin.
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Introduction

Enoxaparin is a low molecular weight heparin used for prophylaxis and treatment of
venous thromboembolism.! The standard prophylactic dose of enoxaparin is 40 mg
daily or 30 mg twice daily. On the other hand, the standard treatment dose of enoxaparin
is 1 mg/kg twice daily or 1.5 mg/kg daily.?

Enoxaparin achieves anticoagulant effect by activating antithrombin. Routine
laboratory monitoring for efficacy is not usually necessary. However, in special situa-
tions such as obesity, renal insufficiency, and pregnancy, laboratory monitoring may be
required. The peak anti-factor Xa (anti-Xa) level is the recommended test for monitoring
enoxaparin efficacy. Blood samples should be withdrawn about 3—5 hours after dose
administration. The target peak anti-Xa level for prophylactic doses of enoxaparin is
0.2-0.5 TU/mL. Target peak anti-Xa for the treatment doses of twice-daily enoxaparin
is 0.6—1.0 IU/mL and >1.0 IU/mL for once-daily dosing.**
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Obesity is a serious public health problem with a high
prevalence globally.’ In Jordan, a study was conducted to
investigate the prevalence of obesity and the change in obesity
prevalence in the North of Jordan over 10 years. The study
evaluated more than 1,000 participants aged 25 years and
older. The results showed a high prevalence of obesity espe-
cially among women, where the age-standardized prevalence
of obesity was 28.1% (95% confidence interval: 23.4, 32.8)
for men and 53.1% (95% confidence interval: 49.3, 57.0) for
women. In addition, the results showed a significant increase
in the prevalence of obesity for both men and women aged
60 years and older over a period of 10 years.®

Enoxaparin pharmacokinetic properties like absorption at
the injection site and elimination half-life are predictable and
well characterized in healthy nonobese individuals.* However,
in the case of obesity, pharmacokinetic parameters such as
the rate of absorption, volume of distribution, and renal
clearance may be affected.”® Several published papers evalu-
ated enoxaparin dosing regimens used in the case of obese
patients and found that standard enoxaparin doses in obese
patients often did not result in therapeutic anti-Xa levels.’ '

The main objective of this study was to investigate enoxa-
parin dosing regimens used in obese and morbidly obese
patients in a hospital setting in Jordan. Other study objectives
were to assess the degree of anticoagulation achieved with
enoxaparin dosing regimens used in obese and morbidly
obese patients. Additionally, this study also investigated
short-term health outcomes associated with enoxaparin
dosing regimens used in obese and morbidly obese patients.

Methods

The study was conducted prospectively at King Abdullah
University Hospital (KAUH) at the internal medicine ward,
surgery ward, coronary care unit, intermediate cardiac care
unit, and intensive care unit. All adult patients (18 years and
older) who were obese or morbidly obese with body mass
index (BMI) 230 kg/m? not currently participating in a clini-
cal study and being prescribed enoxaparin for prophylactic or
treatment purposes were invited to participate in this study.
The World Health Organization classification of BMI was
applied: underweight (BMI <18.5 kg/m?), normal (BMI
18.5-24.9 kg/m?), overweight (BMI =25 kg/m?), and obese
(BMI 230 kg/m?).}

Compliance with ethical standards

The study protocol was approved by the Jordan University of
Science and Technology Institutional Review Board commit-
tee (Research Number 16/92/2015) on December 15, 2015.

Written informed consent was obtained from all individual
participants included in the study.

The study excluded patients receiving other anticoagu-
lants; those suffering from a known coagulation disorder,
active bleeding or bleeding disorder, serious liver or kidney
diseases, or thrombocytopenia; those having had a stroke,
surgery, or trauma within 14 days; or those who were pregnant
or breast-feeding.

Data were collected through patient interviews and
medical record reviews. Data included medical and surgi-
cal histories, smoking status, physical activity, diet, past
and current medications, and enoxaparin dosing regimen.
Through the hospital course, patients were followed daily to
evaluate efficacy and safety. Clinical assessment of venous
thromboembolism symptoms, major and nonmajor bleeding,
and thrombocytopenia were assessed. A complete blood
count and the anti-Xa level were measured for each patient
during their hospital stay. An anti-Xa colorimetric assay test
was done in the KAUH hematology laboratory. Ideally, the
peak anti-Xa level should be measured after 4—6 hours of
the first dose and each dose of enoxaparin administration
through the hospital stay period. The anti-Xa level was
checked once after 4-6 hours of the third or fourth dose (at
steady state).!* The target peak anti-Xa level for prophylactic
doses of enoxaparin is 0.2-0.5 IU/mL. Target peak anti-Xa
for the treatment doses of twice-daily enoxaparin is 0.6—1.0
IU/mL and >1.0 IU/mL for once-daily dosing.>* Two blood
samples from each participant after 4—6 hours of the third or
fourth dose of enoxaparin were drawn by a nurse. One was
placed in an EDTA tube and the other in a citrated tube for
complete blood count and anti-Xa measurement, respectively.
Samples were refrigerated until the assay tests were done.
Anti-Xa colorimetric assay test was done at KAUH Hema-
tology Laboratory. Liquid anti-Xa kits contained 2 reagents;
reagent 1 that contained chromogenic substrate and reagent
2 that contained bovine factor Xa. Both reagents were used
for quantitative determination of anti-Xa activity.

Data collection extended from March 2016 to November
2016.

Sample size and study power
Based on previous studies®!? a sample size of at least 50

patients was expected to provide 80% power where o
(2-tailed) equals 0.05.

Data analysis and statistics
Data were analyzed using the Statistical Package for Social
Science (SPSS version 16; SPSS Inc., Chicago, IL, USA).
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Patients’ demographics, relevant clinical characteristics
at baseline, enoxaparin dosing regimens used in KAUH,
anti-Xa levels, and percentage of patients that reached
therapeutic or nontherapeutic levels were described using
frequency distribution. In addition, health-related outcome
and clinical assessment of safety and efficacy of enoxaparin
dosing regimens were described using frequency distribu-
tion. A Fisher’s exact test was used to compare the effect of
different dosing regimens of enoxaparin on anti-Xa levels
and to evaluate the association between different patients’
demographic characteristics such as age, gender, and anti-Xa
levels. Fisher’s exact test was used in 2 by 2 tables because
of the small sample size. Additionally, a Fisher’s exact test
was used to evaluate the association between patients’ past
medical history and anti-Xa levels. Analysis of covariance
was used to study the effect of gender on anti-Xa levels while
controlling the effect of the enoxaparin dose. A p-value <0.05
was considered statistically significant.

Results

Through the study duration, a total of 419 adult obese patients
(BMI 230 kg/m?) were prescribed enoxaparin. Three hundred
thirty three patients were excluded. Reasons for exclusions
included chronic kidney disease, recent trauma, recent
surgery, and others. A total of 86 patients met the inclusion
criteria and signed the informed consent; however, 52 patients
completed the study. Thirty four patients dropped out. The
flow diagram of the study is shown in Figure 1.

The participants’ ages ranged from 18 to 88 years. Actual
body weight ranged from 68 to 201 kg, and mean weight
was 101.9123.3 kg. The study found that 51.2% (n=44) of
the study population were obese and 48.8% (n=42) were
morbidly obese. BMI ranged from 30.02 to 70.38 kg/m?;
mean BMI was 37.00£8.48 kg/m?, and median BMI was
34.74 kg/m?. Patients’ baseline demographics and clinical
characteristics are listed in Table 1.

During the hospital course, different enoxaparin dosing
regimens were used for treatment and prophylaxis indica-
tions. The results showed that 76.9% of patients who were
on enoxaparin for treatment indications received a capped
treatment dose, which is <1 mg/kg twice daily (n=20). On
the other hand, 88.5% of patients who were on enoxaparin
for prophylaxis indications received a fixed prophylactic dose
of 40 mg/d (n=23).

Anti-Xa levels were measured once for each patient
during the hospital course. The mean anti-Xa level for treat-
ment group patients was 0.48+0.33 IU/mL, and the mean
anti-Xa level for prophylactic group was 0.221+0.26 TU/mL.

Among the 52 patients, 19 patients (36.5%) had therapeutic
anti-Xa level and 33 patients (63.5%) had nontherapeutic
anti-Xa level. Table 2 lists the effect of enoxaparin dosing
regimens on anti-Xa levels. The results showed no statisti-
cally significant correlation between dose regimens (with
and without capping) that were used and achieving thera-
peutic anti-Xa level (p>0.05). Most nontherapeutic anti-Xa
levels were subtherapeutic except for 2 patients that were
supratherapeutic. In addition, Table 3 shows the effect of
enoxaparin dosing regimens on anti-Xa levels in morbidly
obese patients.

Figure 2 shows anti-Xa levels for patients receiving dif-
ferent treatment and prophylaxis daily doses of enoxaparin.

Correlation analysis using Fisher’s exact test for cat-
egorical variables showed significant relationship between
patients’ gender and anti-Xa levels (p<0.05). However, no
significant relationships between other patients’ demographic
characteristics and past medical history and anti-Xa levels
(p>0.05) were found. Furthermore, analysis of covariance
test results showed a significant effect of gender on anti-Xa
levels after controlling the effect of the enoxaparin dose when
enoxaparin was used for prophylaxis indications (p=0.03).
Figure 3 shows anti-Xa levels for female and male patients
receiving different prophylaxis daily doses of enoxaparin.
Females were more responsive to enoxaparin compared to
males for prophylaxis indications only.

During the hospital course, patients also were followed
daily to evaluate efficacy and safety of enoxaparin dosing
regimens. Clinical assessment of venous thromboembolism
symptoms, major and nonmajor bleeding, and thrombocyto-
penia were assessed. No bleeding events or thrombocytopenia
were noticed, but there was 1 case of recurrent thrombosis on
the third day of hospitalization (after the fifth treatment dose
of enoxaparin) for a patient with actual body weight=116 kg
and BMI =45.3 kg/m?, who was on enoxaparin capped treat-
ment dose of 100 mg twice daily and had a nontherapeutic
anti-Xa level.

Discussion

This was the first prospective study in Jordan to evaluate
enoxaparin dosing regimens used in obese and morbidly
obese patients; it covered patients with different enoxaparin
indications and different enoxaparin dosing regimens.

The enoxaparin dosing regimens observed in this study
were reflective of those seen in other studies.”!! In the pres-
ent study, the majority of participants whether prescribed
enoxaparin for prophylaxis or treatment indications and
whether they were prescribed capping or noncapping dosing
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Assessed for eligibility
419 adult obese patients (body mass index 230 kg/m2) on enoxaparin treatment or
prophylactic doses admitted to KAUH

v

/ 333 Patients did not meet \

the inclusion criteria:

- 72 Patients had recent
surgery

- 63 Patients had chronic
kidney disease

- 52 Patients underwent
cardiac catheterization
before the third dose

- 40 Patients had recent
stroke

- 26 Patients refused to
participate in the study

- 25 Patients were on
warfarin

86 Patients met the inclusion
criteria and singed the informed
consent

- 17 Patients had recent
trauma

- 13 Patients were the study

unconscious or disoriented

52 Patients completed

ﬁPatientS dropped out because

of:

- 12 Patients were on
enoxaparin but it was
discontinued before third
dose

- 8 Patients received only
stat dose of enoxaparin

- 2 Patients had liver
disease

- 2 Pregnant women

- 1 Breastfeeding woman

e 4

Figure | Flow diagram for this study population.
Abbreviation: KAUH, King Abdullah University Hospital.

regimens did not achieve the target therapeutic anti-Xa
level. The results of the present study indicate that other
factors besides patients’ weight affect anti-Xa levels. This
indication is supported by previously published studies.*'*
For example, a prospective study was conducted to evaluate

- 4 Patients had surgery before
third dose of enoxaparin

- 15 Patients discharged before
third dose of enoxaparin

- 13 Clotted or missed blood
samples

- 2 Patients were afraid of needle
and refused to provide blood
sample

LN

/

factors affecting anti-Xa levels in a general surgical intensive
care unit population. The study concluded that females and
patients with lower creatinine clearance have higher anti-Xa
activity.' In addition, a study was conducted to investigate
factors that may affect the pharmacokinetics of subcutaneous
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Table | Patient demographics and clinical characteristics at

Table 2 The effect of enoxaparin dosing regimens on anti-Xa

baseline (N=86). levels

Patient characteristics n (%) Anti-Xa level Enoxaparin dosing regimens P-value™*

Gender for treatment and prophylaxis
Female 39 (45.3) indications (N=52)

Male 47 (54.7) With capping* Without capping

Age (years) n (%) n (%)

Mean + SD 50.8+17.2 Therapeutic 16 (37.2) 3(33.3) 0.439
Median 53 Nontherapeutic 27 (62.8) 6 (66.7)
RarTge 18-88 Anti-Xa level Enoxaparin dosing regimens for P-value**

Smoking status treatment indications (N=26)

Current smoker 15 (17.4)

Former smoker 14 (163) With capping® Without capping
Non-smoker 32 (37.2) n (%) n (%)

Passive smoking 24 (27.9) Therapeutic 6 (30) 2(333) 0.439

Water pipe use Nontherapeutic 14 (70) 4 (66.7)

None 68 (79.1) Anti-Xa level Enoxaparin dosing regimens for P-value**
Current smoker 12 (14.0) prophylaxis indications (N=26)
Former smoker 6 (7.0 40 mg q >40 mg q

BMI (kg/m’) 24 hours 24 hours
Obese 44 (51.2) n (%) n (%)

Morbidly obese 42 (48.8) -

Past medical history Therapeutic 10 (43.5) 1 (33.3) 0.738
Diabetes mellitus 42 (48.8) Anti-Xa level Enoxaparin dosing regimens for P-value™*
Hypertension 45 (52.3) prophylaxis indications (N=26)

Cancer 7 (8.1) 40 mgq >40 mg q

Taking medications increasing risk of bleeding 38 (44.2) 24 hours 24 hours

Abbreviations: BMI, body mass index; SD, standard deviation. n (%) n (%)

Nontherapeutic 13 (56.5) 2 (66.7) 0.738

enoxaparin in trauma patients. Factors studied included BMI,
abdominal wall thickness, and fluid balance. The results
showed that increased BMI and abdominal wall thickness
correlated significantly with a higher dose required to achieve
a therapeutic anti-Xa. However, fluid balance did not show a
significant correlation.’

Previously published studies did not agree on specific
enoxaparin dosing regimens that will result in therapeutic
anti-Xa levels for prophylaxis or treatment indications in
obese patients.”!"'*!7 For example, a prospective study
sequentially assigned medically ill and extremely obese
patients who were prescribed enoxaparin for prophylaxis
indications into 3 groups. The first group received a fixed
dose of enoxaparin of 40 mg/d, the second group received
0.4 mg/kg/d, and the third group received high-dose enoxa-
parin of 0.5 mg/kg/d. Peak anti-Xa levels were measured
4-6 hours after the enoxaparin daily dose. The results
showed that patients on high-dose, 0.5 mg/kg/d, enoxaparin
achieved therapeutic anti-Xa levels more frequently than
patients on fixed dose of 40 mg/d or 0.4 mg/kg/d (p<0.05).'
Another prospective study enrolled obese and nonobese
patients receiving 30 mg enoxaparin twice daily for venous
thromboembolism prophylaxis. The study measured trough

Notes: The target peak anti-Xa level for prophylactic doses of enoxaparin is
(0.2-0.5) IU/mL. The target peak anti-Xa level for treatment doses for twice-daily
enoxaparin is (0.6—1.0) IlU/mL and >1.0 IlU/mL for once-daily dosing. *Capping means
enoxaparin treatment dose <| mg/kg twice daily, or enoxaparin prophylactic dose of
40 mg/d. **Fisher’s exact test.

Abbreviation: Anti-Xa, anti-factor Xa.

Table 3 The effect of enoxaparin dosing regimen on anti-Xa level
for morbidly obese patient* (N=23)

Anti-Xa level Enoxaparin dosing regimens P-value®#*
for treatment and prophylactic
indications
With capping** Without capping
n (%) n (%)
Therapeutic 2 (25) 8 (53.3) 0.439
Nontherapeutic 6 (75) 7 (46.7)

Notes: The target peak anti-Xa level for prophylactic doses of enoxaparin is
(0.2-0.5) IU/mL. The target peak anti-Xa level for treatment doses for twice-daily
enoxaparin is (0.6—1.0) IU/mL and >1.0 IU/mL for once-daily dosing. *Morbidly
obese = BMI 240 kg/m% **Capping means enoxaparin treatment dose <| mg/kg
twice daily, or enoxaparin prophylactic dose of 40 mg/d. ***Fisher’s exact test.
Abbreviations: Anti-Xa, anti-factor Xa; BMI, body mass index.

anti-Xa levels 30 minutes before the fourth enoxaparin dose
and considered anti-Xa level of <0.1 IU/mL subtherapeutic.
The results showed that regardless of BMI, the enoxaparin
dose of 30 mg twice daily is insufficient.’

A prospective study evaluated two enoxaparin prophy-
laxis regimens used for patients undergoing laparoscopic
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Figure 2 Anti-Xa levels for patients receiving different treatment and prophylaxis daily doses of enoxaparin.
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Figure 3 Anti-Xa levels for females and males receiving different prophylaxis daily doses of enoxaparin.

Abbreviation: Anti-Xa, anti-factor Xa.

bariatric surgery. The first regimen was 40 mg twice daily
and the second regimen was 60 mg twice daily. Peak anti-Xa
levels were measured 4 hours after enoxaparin administra-
tion. After the third dose, the 60 mg twice-daily regimen was
superior in achieving therapeutic enoxaparin levels compared
to the 40 mg twice-daily regimen. However, 57% of the 60
mg twice-daily regimen anti-Xa levels were supratherapeutic
compared to 0% of the 40 mg twice-daily regimen.'*

On the other hand, a retrospective study reviewed the dos-
ing and monitoring of therapeutic enoxaparin in 3 high-risk
patient populations including patients weighing more than
150 kg. Patients receiving enoxaparin for prophylaxis were
excluded from the study. Peak anti-Xa levels drawn 3—5 hours
after enoxaparin administration were used for analysis. The
results showed that obese patients achieved therapeutic anti-
Xa levels with doses lower than 1 mg/kg/dose.”
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A retrospective review evaluated an inpatient protocol
that implemented a reduced enoxaparin dose of 0.75 mg/kg/
dose for morbidly obese patients. Peak anti-Xa levels were
assessed 4 hours after the fourth dose. The study evaluated 31
patients, and of those, 24 patients (77%) achieved therapeutic
anti-Xa during their hospitalization.'®

In the present study, the majority of patients had non-
therapeutic anti-Xa levels. This finding can be alarming
knowing the fact that most nontherapeutic anti-Xa readings
were subtherapeutic. Subtherapeutic anti-Xa levels will put
patients at risk of treatment failure or thromboembolism. The
present authors recommend individualized enoxaparin dosing
regimens and dosing adjustment based on anti-Xa levels in
order to achieve therapeutic anti-Xa levels, optimize efficacy,
and decrease side effects.

A significant correlation was found between the female
gender and patients who achieved therapeutic anti-Xa in
the case of prophylaxis indication only. This result was in
accordance with the results found by Vincent et al."* Vincent
et al'* studied 36 patients who received 30 mg enoxaparin
twice daily for thromboembolism prophylaxis. The results
showed that the female gender was associated with higher
anti-Xa activity.'*

The results of this study should be considered within the
context of its limitations. The first limitation was the small
sample size. The second limitation was that the study was
conducted in a single hospital. Thus, the results might not
be generalized to other settings. In addition, due to a budget
limitation, a single anti-Xa level was measured instead of
measuring multiple anti-Xa levels after each dose of enoxa-
parin. Also, the study lacked a control group of nonobese
patients using the similar dosing regimens.

Conclusion
In conclusion, the dosing regimens of enoxaparin used for
obese patients varied based on prescribing physicians. Some
patients were prescribed the capping dosing regimens and
some were prescribed higher or noncapping dosing regimens.

The majority of participants had nontherapeutic anti-Xa
levels; however, there was no significant association between
regimens that were used and achieving therapeutic anti-Xa
levels. In addition, no significant association was found
between the incidence of side effects and different dosing
regimens.

The present authors recommend anti-Xa monitoring
for obese and morbidly obese patients on prophylactic or
treatment indications of enoxaparin and recommend dose

adjustment of enoxaparin according to anti-Xa levels to
achieve the desired therapeutic outcomes and to avoid the
undesired health outcomes.

The present authors recommend more studies on enoxa-
parin dosing regimens used for obese and morbidly obese
patients enrolling larger number of patients and covering
other clinical settings.
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