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ABSTRACT

BACKGROUND: The appropriate dose of enoxaparin for venous thromboembolism (VTE) prophylaxis in low body weight patients is
unknown.

OBJECTIVE: The aim of this study is to evaluate the impact of enoxaparin dosing on major and minor bleeding events in low body weight
patients.

METHODS: This was a retrospective cohort study of patients weighing less than 45 kg receiving subcutaneous (SC) enoxaparin for VTE pre-
vention. The primary objective was to determine whether enoxaparin dose was associated with major and minor bleeding. The secondary
objective was to determine the incidence of VTE by enoxaparin dose.

RESULTS: There were 173 patients included in the study, of which 37 patients received 2 different courses of enoxaparin during hospitali-
zation, resulting in 210 enoxaparin courses. Among all enoxaparin courses, 16.2% were associated with major bleeding and 5.2% with minor
bleeding. There was no difference in the incidence of major bleeding by dose (enoxaparin 30 mg SC daily, 30 mg SC twice daily, or 40 mg
SC daily; P = .409). Patients who experienced major bleeding were older (54.9 = 16.1 years) than patients who did not (48.4 = 18.4 years)
(P = .043). There was no difference in the incidence of minor bleeding by dosing schedule (P = .14). No patients experienced a VTE.

CONCLUSION AND RELEVANCE: The risk of bleeding was similar by enoxaparin dose but increased with age in low body weight patients.
Given the low incidence of VTE in this study, it is reasonable to consider decreasing the prophylactic enoxaparin dose in low body weight

patients, especially in the elderly population.
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Introduction
Venous thromboembolism (VTE) is a disease characterized by
either deep venous thrombosis (DV'T) or pulmonary embolism
(PE). Possible consequences of VTE include leg pain, chest
pain, shortness of breath, chronic post-thrombotic syndrome,
and death.! There are approximately 150 000 to 200 000 deaths
related to VTE per year in the United States.?> Hospitalized
patients have an inherently high risk of VTE. Risk factors for
VTE that are commonly present in hospitalized patients
include active cancer, reduced mobility, recent trauma or sur-
gery, advanced age, heart failure, respiratory failure, acute myo-
cardial infarction, ischemic stroke, acute infection, and obesity.
Studies have demonstrated up to an 11% incidence of VTE in
high-risk hospitalized medical patients and as high as 30% in
surgical patients; therefore, VT'E prevention is a main concern
for the health care team.3-5

The most effective means of preventing VTE is by antico-
agulant thromboprophylaxis. The primary agents utilized for
VTE prophylaxis include unfractionated heparin (UFH) and
low-molecular-weight heparin (LMWH).12 Recently, direct

oral anticoagulants have also emerged as oral options for

thromboprophylaxis in surgical and medical patients.®” Low-
molecular-weight heparin and UFH have similar efficacy for
VTE prevention in hospitalized medical patients, but LMWH
has been associated with less major bleeding than UFH in sev-
eral studies.®1? In surgical patients, studies displayed a reduc-
tion in the incidence of VTE with LMWH compared with
UFH.131 As a result, LMWH may be the preferred agent for
VTE prophylaxis in the absence of contraindications.
Enoxaparin is the most frequently used LMWH in the United
States.

There is literature supporting enoxaparin dosing for VTE
prophylaxis in the general population, obesity, and renal insuf-
ficiency.’>?” The manufacturer recommends dosing enoxapa-
rin for VTE prophylaxis 40 mg subcutaneously (SC) once daily
for the general population or 30 mg SC twice daily in orthope-
dic surgery patients. In patients with a creatinine clearance
(CrCl) of less than 30 mL/min, the manufacturer suggests
reducing the enoxaparin dose to 30 mg SC once daily."®
Although not specifically recommended by the manufacturer,
many institutions either increase the enoxaparin dose to 40 mg
SC twice daily or increase the dose by 30% in patients with a
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body mass index (BMI) of greater than 40 kg/m? based on the

16-27 However, there is insufficient evi-

results of clinical trials.
dence to determine the appropriate dose of enoxaparin in
patients with a low body weight. The manufacturer recom-
mends individualized clinical monitoring of patients with a
low body weight, defined as less than 45 kg for women and less
than 57 kg for men, but does not specifically recommend a
dose reduction due to a lack of evidence in this population.’
As a result, pharmacists and physicians practice clinical judg-
ment in selecting the enoxaparin dose for VTE prophylaxis in
low body weight patients.

Previous studies indicated that a body weight of less than 55
kg was associated with an increased bleeding risk in patients
receiving enoxaparin for VTE prophylaxis.?$?° Rojas et al%
examined the anti-factor Xa activity in patients weighing less
than 55 kg and receiving enoxaparin for VI'E prophylaxis.
Anti-factor Xa levels significantly exceeded the therapeutic
range in low body weight patients, especially those weighing
less than 45 kg. The results of this study suggest that low body
weight patients may have an increased bleeding risk when
treated with enoxaparin. However, the association between
anti-factor Xa levels and bleeding risk remains controversial.
Recently, Sebaaly and Covert?! performed a literature review
assessing enoxaparin dosing at extremes of body weight. No
clinical trials evaluated enoxaparin for VTE prophylaxis spe-
cifically in low body weight patients. In the absence of clinical
evidence, the authors concluded that it is reasonable to reduce
the dose of prophylactic enoxaparin to 30 mg SC once daily in
underweight patients (BMI less than 18 kg/m? or body weight
less than 55 kg). To our knowledge, there have been no studies
comparing the major and minor bleeding events in low body
weight patients receiving varying doses of enoxaparin for VTE
prophylaxis. It is hypothesized that low body weight patients
receiving enoxaparin for VTE prophylaxis have an increased
bleeding risk and may require a dose reduction. The literature
supporting this hypothesis is limited to studies observing anti-
factor Xa levels. As a result, there is a lack of guidance for pro-
viders to decide when to reduce the dose of enoxaparin based
on body weight. This study was designed to provide prelimi-
nary data regarding the rate of major and minor bleeding
events in low body weight patients receiving different doses of
enoxaparin for VT'E prophylaxis.

Methods
Study design and participants

This was a retrospective cohort study of patients with an actual
body weight of less than 45 kg who received enoxaparin for the
prevention of VTE at a 650-bed community teaching hospital
(with associated Level I Trauma Center) between March 1,
2015, and September 30, 2016. This study was approved by the
OhioHealth Institutional Review Board (IRB). Informed con-
sent was not required by the IRB because the study involved
minimal risk to study participants.

All enoxaparin prescribing is done by physicians, but phar-
macists at our institution may adjust enoxaparin dosing per the
health-system dosing policy. Among patients with a BMI less
than 40 kg/m? and CrCl greater than 30 mL/min, pharmacists
may adjust the enoxaparin dose to 30 mg SC twice daily in
trauma patients and 40 mg SC daily in all other patients.
Pharmacists may increase the dose to 40 mg SC twice daily in
patients with a BMI greater than 40 kg/m? and CrCl greater
than 30 mL/min. Finally, in patients with CrCl less than 30
mL/min regardless of BMI, pharmacists may reduce the dose
of enoxaparin to 30 mg SC daily. Although not specifically
addressed in the dosing policy, some prescribers reduce the
dose of enoxaparin in patients with a low body weight.
Pharmacists are not required to adjust the dose to comply with
the dosing policy if the lower dose was selected based on the
prescriber’s clinical judgment.

Patients were included in the study if they were at least 18
years of age, were treated with enoxaparin for prevention of
VTE (enoxaparin 30 mg SC once daily, 30 mg SC twice daily,
or 40 mg SC once daily), and weighed less than 45 kg. Patients
from all units of the hospital were eligible for inclusion. Patients
were excluded if they had a CrCl of less than 30 mL/min upon
initiation of enoxaparin or if they were taking oral anticoagu-
lants. CrCl was calculated using ideal body weight unless it
exceeded the patient’s actual body weight, in which case actual
body weight was used. Demographic and clinical variables were
collected retrospectively by a single reviewer from the elec-
tronic medical record via manual chart review using a stand-
ardized, electronic data collection tool.

Outcomes

The primary outcome was to determine whether enoxaparin
dose was associated with a difference in the incidence of
bleeding events, with the incidence of major bleeding events
and the incidence of minor bleeding events evaluated sepa-
rately. Major bleeding was defined as a hemoglobin drop of at
least 2 g/dL in 24 hours, a transfusion of at least 1 unit of
packed red blood cells, bleeding into a critical site (eg, intrac-
ranial, intraocular, retroperitoneal, intra-articular, pericardial,
or intramuscular with compartment syndrome), or fatal
bleeding. Minor bleeding was defined as overt bleeding not
meeting the criteria for major bleeding (eg, gastrointestinal
bleeding, hematuria, hematemesis, or hematochezia).3?
Bleeding events were collected for the duration of enoxaparin
therapy and were attributed to the current dose of enoxaparin
at the time of the bleeding event. Secondary objectives
included determining the incidence of VTE, defined as a
diagnosis of DVT or PE, by enoxaparin dosing schedule and
performing subgroup analyses to determine the risk of major
and minor bleeding events based on service line, age, gender,
BMI, and CrCl. Finally, we compared the incidence of major
and minor bleeding by enoxaparin dose among fragile
patients. Fragility has previously been defined as 1 or more of
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the following criteria: age greater than 75 years, CrCl less
than 50 mL/min, or body weight less than or equal to 50 kg.*3
As low body weight was a requirement for inclusion in this
study, patients were considered fragile if they met at least 1 of
the remaining criteria (age greater than 75 years or CrCl less
than 50 mL/min).

Statistical analysis

Demographic and clinical characteristics were described using
frequencies and percentages for categorical variables and means
and standard deviations and medians and ranges for continu-
ous variables. Demographic and clinical characteristics were
compared by enoxaparin dosing schedule using Fisher’s exact
test for categorical variables and analysis of variance (ANOVA)
and Kruskal-Wallis tests for continuous variables.

The incidence of major bleeding, minor bleeding, and VTE
was calculated, overall and by dosing schedule. The incidence
of major bleeding and the incidence of minor bleeding were
compared by enoxaparin dosing schedule using Fisher’s exact
tests. Patient characteristics were compared by dosing schedule
using Fisher’s exact tests (gender, anti-platelet use, nonsteroidal
anti-inflammatory drug [NSAID] use, and service line),
ANOVA (age, body weight, height, BMI, and international
normalized ratio [INR] on enoxaparin initiation), and Kruskal-
Wallis tests (CrCl, serum creatinine, and length of stay).
Characteristics of patients who did and did not experience
major or minor bleeding were compared using Fisher’s exact
tests (gender), 2-sample # tests (age and BMI), and Wilcoxon
rank sum tests (CrCl). Statistical significance was set at P <
.05 for all tests. Analyses were conducted using SAS 9.4 (Cary,
NC, USA).

Results

Patient characteristics

Demographic and clinical characteristics of the 173 patients
who received enoxaparin for VTE prophylaxis are presented in
Table 1. There were 37 patients in the study who received 2
different courses of enoxaparin during their hospital stay. For
example, a patient started on enoxaparin 40 mg daily for 3 days
before a prescriber reduced the dose of enoxaparin to 30 mg
daily due to a perceived bleeding risk at the higher dose.
Therefore, there were 210 courses of enoxaparin included in
the study.

The majority of patients in the study were female (86.1%)
with a mean age of 53.6 years, mean weight of 41.5 kg, and a
mean BMI of 17.1 kg/m?. There were significant differences in
enoxaparin dosing schedule by age (P < .001), body weight
(P =.025),CrCl (P = .010), service line (P < .001), and length
of stay (P = .002). Patients who received enoxaparin 30 mg
once daily were older (Mean = 60.8 years, SD = 12.7) than
patients who received 30 mg twice daily (Mean = 38.2 years,
SD = 22.4) (P = .005) and patients who received 40 mg once

Table 1. Demographic and clinical characteristics in study population.

DEMOGRAPHIC AND CLINICAL OVERALL
CHARACTERISTICS (N =173)
Female2 149 (86.1)
AgeP 53.6 (16.7)
Body weight (kg)® 41.5 (3.3)
Height (m)be 1.6 (0.1)
BMI (kg/m?2)be 171 (3.5)

Creatinine clearance (mL/min)d 62.6 (30-238.2)

Serum creatinine (mg/dL)? 0.6 (0.2-1.3)
Anti-platelet use? 48 (27.8)
NSAID use? 46 (26.6)
INR on enoxaparin initiation®-e 1.1(0.2)
Service line2

Medicine 129 (74.6)

Trauma 32 (18.5)

Surgery 12 (6.9)
Length of stay (days)d 4.9 (1-80.2)

Abbreviations: BMI, body mass index; INR, international normalized ratio;
NSAID, nonsteroidal anti-inflammatory drug.

an (o/o).

bMean (SD).

°Data not available for 2 patients (n = 171).

dMedian (range).

eData not available for 86 patients (n = 87).

daily (Mean = 53.1 years, SD = 15.2) (P < .001). Patients
who received enoxaparin 30 mg twice daily had a higher CrCl
(median = 84.8 mL/min, range = 32.2-177.4) than patients
who received 30 mg once daily (median = 48.3 mL/min, range
= 30-238.2) (P = .022), and patients who received 40 mg once
daily had a higher CrCl (median = 69.4 mL/min, range =
30.5-222.6) than patients who received 30 mg once daily
(median = 48.3 mL/min, range = 30-238.2) (P = .010).
Patients who received enoxaparin 30 mg once daily had a
longer length of stay (median = 6.2 days, range = 1.4-80.2)
than patients who received 40 mg once daily (median = 4.3
days, range = 1.0-80.2) (Table 2).

Outcomes

Among all courses of enoxaparin received by patients with a
low body weight (n = 210), 16.2% were associated with major
bleeding and 5.2% with minor bleeding. There was no differ-
ence in the incidence of major bleeding by dosing schedule
(P = .409). Of the major bleeding events that occurred in this
study (n = 42), the majority were either a hemoglobin drop of
at least 2 g/dL (n = 25) or a transfusion of at least 1 unit of
packed red blood cells (n = 15). There were also 2 critical site
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Table 2. Demographic and clinical characteristics in study population by enoxaparin dosing schedule.

ENOXAPARIN DOSING SCHEDULE P VALUE

30 MG TWICE DAILY

40 MG ONCE DAILY

DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS
30 MG ONCE DAILY
(N =78)
Gendera
Female 69 (88.5)
Male 9 (11.5)
AgeP 60.8 (12.7)
Body weight (kg)® 40.9 (3.7)
Height (m)P 1.6 (0.1)
BMI (kg/m2)> 17.3 (4.5)

Creatinine clearance (mL/min)°

48.3 (30-238.2)

Serum creatinine (mg/dL)° 0.6 (0.2-1.2)
Anti-platelet use2 22 (28.2)
NSAID usea 18 (23.1)
INR on enoxaparin initiation® 1.1 (0.2)
Service line2

Medicine 58 (74.4)

Trauma 15 (19.2)

Surgery 5(6.4)
Length of stay (days)° 6.2 (1.4-80.2)

(N = 18) (N = 114)
43
14 (77.8) 99 (86.8)
4 (22.2) 15 (13.2)

38.2 (22.4) 53.1 (15.2) - 001
43 (1.4) 417 (3) .025
1.6 (0.1) 1.6 (0.1) 271

171 (1.9) 16.9 (2.4) 689

84.8 (32.2-177.4) 69.4 (30.5-222.6) 010

0.7 (0.4-1.1) 0.6 (0.2-1.3) 569
2 (11.1) 33 (29) 31
5 (27.8) 30 (26.3) .86

1.2 (0.1) 11(0.2) 336

<.001
0(0) 100 (87.7)
18 (100) 4 (3.5)
0(0) 10 (8.8)
4.8 (1.9-22.4) 4.3 (1.0-80.2) .002

Abbreviations: BMI, body mass index; INR, international normalized ratio; NSAID, nonsteroidal anti-inflammatory drug.

an (o/o).
bMean (SD).
°Median (range).

bleeds, both of which were intracranial hemorrhages. There
was no difference in the incidence of minor bleeding by dosing
schedule (P = .14; Table 3).

Patients who experienced major bleeding were older
(Mean = 54.9 years, SD = 16.1) than patients who did not
experience major bleeding (Mean = 48.4 years, SD = 18.4)
(P =0.043). No (0.0%) patients in the study experienced DV'T
or PE while receiving any dose of enoxaparin for VT'E prophy-
laxis (Table 4). Among the 210 courses of enoxaparin in this
study, 83 included fragile patients. The incidence of major and
minor bleeding in fragile patients was 12% and 6%, respec-
tively, and there was no statistical difference in major and

minor bleeding by dosing schedule (Table 5).

Discussion

Enoxaparin dosing guidelines for VTE prevention have been
established for the general population as well as for specific
groups such as patients who are obese or who have renal
impairment. However, there are no formal, recognized guide-
lines for dose adjusting enoxaparin in low body weight patients.

Rather, dose adjustments are made on a patient-by-patient
basis at the clinical discretion of providers and pharmacists.
The purpose of this retrospective cohort study was therefore to
determine whether the incidence of bleeding events in hospi-
talized low body weight patients varied according to enoxapa-
rin dosing schedule (30 mg once daily, 30 mg twice daily, or 40
mg once daily).

This study demonstrated an overall 16.2% incidence of
major bleeding events in patients receiving enoxaparin for
VTE prophylaxis, which is considerably higher than the 1% to
4% incidence displayed in previous studies.’® It is unclear why
this study reported such a high rate of major bleeding events.
One potential explanation is that the study institution was a
Level 1 Trauma Center, so the patients included in the study
may have been higher acuity than the general population.
Alternatively, it is possible that low body weight patients have
an increased risk of bleeding, particularly major bleeding, rela-
tive to the general population at similar doses of enoxaparin.
This is supported by a previous study that included low body
weight patients who predominantly received UFH for VTE
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Table 3. Bleeding events and VTE in study population by enoxaparin dosing schedule.

BLEEDING EVENTS AND VTE

OVERALL
(N = 210)

ENOXAPARIN DOSING SCHEDULE

Major bleeding event? 34 (16.2)
Total number of major bleeding events 42
Type of major bleeding event2
Hemoglobin drop of at least 2 g/dL in 24 hours 25 (11.9)
Transfusion of at least 1 unit of PRBCs 15 (7.1)
Bleeding into a critical site 2(1)
Fatal bleeding 0(0)
Minor bleeding eventa 11 (5.2)
Total number of minor bleeding events 12
Type of minor bleeding event?2
Other 5(2.4)
Gastrointestinal bleeding 4(1.9)
Hematochezia 2(1)
Hematuria 1(0.5)
Hematemesis 0 (0)
VTE diagnosis? 0(0)

Abbreviations: PRBCs, packed red blood cells; VTE, venous thromboembolism.
an (%).

30 MG ONCE DAILY 30 MG TWICE 40 MG ONCE
(N = 78) DAILY (N = 18) DAILY (N = 114)
15 (19.2) 4(22.2) 15 (13.2)

19 5 18

1 (14.1) 2 (11.1) 12 (10.5)

7(9) 2 (11.1) 6 (5.3)

1(1.3) 1(5.6) 0 (0)

0 (0) 0(0) 0 (0)

7(9) 1(5.6) 3(2.6)

7 1 4

3(3.9) 1(5.6) 1(0.9)

2(2.6) 0(0) 2(1.8)

1(1.3) 0(0) 1(0.9)

1(1.3) 0(0) 0 (0)

0 (0) 0(0) 0 (0)

0 (0) 0(0) 0 (0)

bOther minor bleeding events included bleeding esophageal ulcer (n = 1), bleeding from chest tube (n = 1), bleeding from tracheostomy (n = 1), epistaxis (n = 1), and

hemoptysis (n = 1).

prophylaxis, which demonstrated a 10.5% incidence of clini-
cally relevant bleeding.34

This study did not demonstrate a difference in the primary
outcome between enoxaparin dosing regimens, which was con-
trary to our hypothesis that patients receiving a lower dose of
enoxaparin would have fewer major bleeding events (Table 3).
This finding may be due to the differences in baseline charac-
teristics between the 2 groups. Patients who received enoxapa-
rin 30 mg once daily were older, lower body weight, had a lower
CrCl,and had a longer length of stay than patients who received
enoxaparin 40 mg once daily. Furthermore, this study indicated
that the bleeding risk associated with enoxaparin in low body
weight patients increases with age. Finally, patients may have
received the lower dose of enoxaparin because the prescriber felt
they had a higher risk of bleeding. This is supported by the find-
ing that 51% of the patients who received enoxaparin 30 mg
once daily were categorized as fragile, compared with 34% of
the patients who received enoxaparin 40 mg once daily.

There were several limitations to the study. First, this was a
retrospective study. As a result, the investigators were not able to
control all potential sources of error. For example, hemoglobin
levels were not available daily for every patient, so we were not

always able to determine whether there was a hemoglobin drop
of at least 2 g/dL. In addition, minor bleeding events likely were
not always recorded in the electronic medical record. Second,
there was a relatively small sample size given the rare nature of
the study outcomes. With this sample size, it is unlikely that we
could detect a difference between major and minor bleeding
events or VI'Es by enoxaparin dosing schedule. Therefore,
power was not calculated as the results of the study were
intended to be hypothesis generating. Third, a hemoglobin drop
of at least 2 g/dL was not always clinically significant. Providers
were unable to identify a source of bleeding in some patients
who experienced a hemoglobin drop of atleast 2 g/dL. However,
the International Society on Thrombosis and Hemostasis uses
this marker to define major bleeding events.3? Fourth, patients
in this study had variable lengths of stay. Many patients were
not in the hospital long enough to experience a major or minor
bleeding event or a VIT'E. We did not adjust the rate of major
and minor bleeding events for the length of enoxaparin therapy,
which led to an overrepresentation of an individual’s length of
stay and enoxaparin exposure. Finally, 37 patients received 2
courses of enoxaparin during their hospital stay. In these
patients, the major or minor bleeding events were attributed to
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Table 4. Bleeding events in study population by demographic and clinical characteristics.

DEMOGRAPHIC MAJOR BLEED MINOR BLEED
AND CLINICAL
CHARACTERISTICS ~ YES (N = 34) PRI i
Gender .641 292
Female 28 (82.4) 121 (871) 7 (70) 142 (87.1)
Male 6 (17.6) 18 (12.9) 3(30) 21 (12.9)
Agec 54.9 (16.1) 48.4 (18.4) 043 57.2 (13.5) 53.4 (16.9) 487
BMI (kg/m2)e 17.3 (6.4) 17 (2.3) 791 19.3 (10.9) 16.9 (2.4) 512
Creatinine clearance 62.1 (30-222.6) 73 (30.9-238.2) .246 71.9 (34.2-170.1) 62.5 (30-238.2) .894
(mL/min)d
Service lineb 466 _e
Medicine 24 (70.6) 105 (75.5) 8 (80) 121 (74.2)
Trauma 6 (17.6) 26 (18.7) 1 (10) 31 (19)
Surgery 4 (11.8) 8 (5.8) 1 (10) 11 (6.8)

Abbreviation: BMI, body mass index.

a0ne patient had a minor bleed on 2 different dosing schedules.
on (%).

°Mean (SD).

dMedian (range).

eCell sizes were too small to perform a valid comparison test.

Table 5. Bleeding events in fragile patients by enoxaparin dosing schedule.

BLEEDING EVENTS ENOXAPARIN DOSING SCHEDULE P VALUE

30 MG ONCE
DAILY (N = 40)

30 MG TWICE
DAILY (N = 4)

40 MG ONCE
DAILY (N = 39)

Major bleeding eventa 7 (17.5) 0 (0) 3(7.7) 42

Minor bleeding eventa 4 (10) 0 (0) 1(2.6) .50

an (o/o).

the current enoxaparin course regardless of the amount of time
the patient was receiving that course.

Conclusion and Relevance

To our knowledge, this was the first study to evaluate bleeding
and thrombosis associated with different doses of enoxaparin
tor VTE prophylaxis in low body weight patients. The risk of
bleeding was similar by dose of enoxaparin but increased with
age in low body weight patients. Given the low risk of VTE
demonstrated in this study, it is reasonable to consider decreas-
ing the prophylactic enoxaparin dose in low body weight
patients, especially in patients over the age of 55.
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