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Abstract

There is limited evidence about optimal anticoagulant dosing for venous thromboembolism (VTE) prophylaxis in underweight
patients. The purpose of this study was to characterize dosing strategies used in underweight patients and compare the incidence
of bleeding and VTE to patients receiving a standard dose. This multi-center retrospective study evaluated medicine patients who
weighed 45 kilograms or less and received VTE prophylaxis with unfractionated heparin or enoxaparin. We categorized
subjects into groups as either standard or reduced dose and compared the incidence of bleeding and VTE between groups. Of
the 300 patients included in the outcome analysis, 40.7% received a reduced dose regimen, most often enoxaparin 30 mg daily.
Standard dose was associated with major bleeding compared with reduced dose, when adjusted for age, gender and admission
hemoglobin (odds ratio 4.73, 95% confidence interval 1.05 to 21.34). Incidence of clinically relevant non-major bleeding
(2.4% vs. 1.1%) and VTE (0.6% vs. 0%) were similar between groups. Anticoagulant dose reduction for VTE prophylaxis in

underweight hospitalized medicine patients is common practice and associated with less major bleeding.
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Introduction

Venous thromboembolism (VTE) is estimated to be the third
leading cause of cardiovascular death.' Non-fatal VTE also
carries significant morbidity, through VTE recurrence or devel-
opment of chronic venous insufficiency.? Pharmacologic pro-
phylaxis with anticoagulants in higher-risk hospitalized
patients is a well-established practice that has been shown to
reduce the incidence of VTE and its consequences.’

Selection of appropriate anticoagulant doses for VTE pro-
phylaxis in the extremes of weight is challenging. In patients
classified as obese, a higher dose of anticoagulant is required to
sufficiently protect against VTE compared to non-obese
patients.*® In patients weighing less than 55 kg, anti-Xa levels
inversely correlate with body weight.” Anti-Xa levels were
highest in the subgroup of patients weighting less than 45 kg
and the odds of exceeding the recommended anti-Xa level for
prophylaxis was 8 times higher in the same subgroup of
patients compared with heavier patients.” Whether elevated
anti-Xa levels correlate with higher bleeding risk in under-
weight patients is unknown.®'°

Based on this evidence, some advocate for reducing the
prophylactic dose of enoxaparin to 30 mg daily.'" Practice

guidelines and drug manufacturers do not make specific rec-
ommendations for dose adjustments in underweight
patients.”'? Real-world evidence in critically ill, underweight
patients who receive VTE prophylaxis suggests bleeding is
more frequent compared to the incidence reported in clinical
trials although the incidence of major bleeding did not differ
significantly between standard and reduced dose groups.®’
Similar observations were made in a population of mixed levels
of care.'” We sought to characterize the dosing strategies used
for VTE prophylaxis in underweight patients admitted to gen-
eral medicine units and to compare the incidence of bleeding,
VTE, and length of stay in patients who receive a reduced
versus standard dose.
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Methods
Study Design and Patient Population

This was a multi-center retrospective study approved by our
Institutional Review Board. We evaluated patients hospitalized
at 1 of 4 hospitals within the Hartford HealthCare system
between May 1, 2017 and November 30, 2019. Patients meet-
ing the following criteria were included: age at admission
between 18 and 89 years (inclusive), admission to a medicine
floor or medical stepdown unit, weight at admission <45 kg,
length of hospitalization >72 hours, and received VTE prophy-
laxis for at least 48 hours with unfractionated heparin (UFH)
<15,000 units subcutaneously (SC) per day or enoxaparin
<40 mg SC per day. Patients were excluded from our analysis
if they were admitted with a suspected VTE or bleed, had a
creatinine clearance [CrCl] < 30 mL/min, received hemodialy-
sis during their admission, or were admitted for obstetric
treatment.

The primary objective was to characterize VTE prophylaxis
regimens prescribed to underweight patients. The secondary
objectives were to compare outcomes of bleeding, VTE and
length of stay in patients receiving standard versus reduced
dose VTE prophylaxis. Patients were categorized into the stan-
dard dose group if they received UFH 5000 units 3 times daily
or enoxaparin 40 units per day; regimens with total doses less
than this were considered to be a reduced dose. We excluded
patients from analysis of health outcomes if they received more
than one VTE prophylaxis regimen during their admission,
described as a change in anticoagulant, dose, and/or frequency
at any point during the admission compared to the initial order.

We verified inclusion criteria and collected data using a
combination of reports and manual review of the electronic
medical record. For included patients, we collected patient
demographics, comorbidities, VTE prophylaxis dosing regi-
mens, time to first dose of anticoagulant, therapy duration,
concurrent use of antiplatelet agents, estimated creatinine
clearance using actual body weight, International Medical Pre-
vention Registry on Venous Thromboembolism (IMPROVE)
VTE risk score,'® and data used to assess bleeding and VTE
outcomes of interest.

Outcome Definitions

Bleeding events were considered related to VTE prophylaxis if
they occurred within 24 hours of the last dose of pharmacologic
VTE prophylaxis. Bleeding events were considered major
bleeding if the bleed was fatal, hemoglobin decreased by
>2 g/dL, the patient required transfusion of >2 units of packed
red blood cells or whole blood in 24 hours, or bleeding
occurred in any critical organ (retroperitoneal, intracranial,
intraspinal, intraocular, intra-articular, pericardial, or intramus-
cular with compartment syndrome).'* Hemoglobin decreases
>2 g/dL that occurred within the first 24 hours of admission in
patients who received >30 mL/kg of intravenous fluids were
considered dilutional and were not considered a bleeding
event.®!>'® Clinically relevant, non-major bleeding (CRNMB)

was defined as any bleeding that did not meet the criteria for
major bleeding, but required medical intervention by a health-
care professional, or led to an increased level of care. An acute
VTE was defined as any VTE event occurring within 24 hours
of VTE prophylaxis administration. Patient encounters with an
ICD-10 code for a VTE or bleeding event underwent a manual
chart review to confirm the event. Any DVT in the popliteal,
femoral, or ileac veins was considered clinically relevant, while
VTE occurring elsewhere was considered asymptomatic.

Statistical Analysis

Data were reported descriptively to characterize patient demo-
graphics. Subjects were categorized into either the “standard
dose” group or “reduced dose” group based on the dose of VTE
prophylaxis prescribed. Normality for the study population was
tested with the Kolmogorov-Smirnov test. Continuous vari-
ables were presented as medians with interquartile ranges, and
comparisons between groups were analyzed using the Mann-
Whitney U test. Dichotomous variables were presented as val-
ues and percentages and comparisons between groups were
analyzed using Chi-squared tests or Fisher’s exact test. Multi-
variable logistic regression using backward elimination was
used to calculate an odds ratio with accompanying 95 percent
confidence interval for the association of VTE prophylaxis
dosing with major bleeding. The analysis was adjusted for
gender, age (65 years of age and older) and low hemoglo-
bin on admission (lower than 13mg/dL for males and
11.5mg/dL for females).'” A P-value < 0.05 was consid-
ered significant. Analyses were conducted with IBM SPSS
Statistics Version 26.

Results

We assessed 2793 patient records for eligibility and 2251 did
not meet the inclusion criteria (Figure 1). Of the 541 remaining
patients, 200 were subsequently excluded because of a CrCl <
30 mL/min (n = 180, 33.2%), suspected VTE or bleed on
admission (n = 18, 3.3%), or obstetric treatment (n = 2,
0.4%). We included 341 patients and describe the prescribing
patterns observed. Of the 341 patients, 300 received 1 VTE
prophylaxis regimen and we present the demographics and
analysis of health outcomes in this group.

In the 341 patients, 6 different VTE prophylaxis regimens
were prescribed initially (Tables 1 and 2). More patients were
started on a standard dose regimen (n = 213, 62%) as opposed
to a reduced dose regimen (n = 128, 38%). Overall, initial
prescription of enoxaparin (n = 176, 52%) and unfractionated
heparin (n = 165, 48%) was similar. Of the 341 patients,
41 (12.3%) were switched to a second regimen during the study
period (Table 2) and most often this was a switch from a stan-
dard to reduced dose regimen (n = 30, 73%) as opposed to
staying in the same dose regimen (n = 6, 15%) or increasing the
dose (n = 5, 12%).

The demographics of the 300 patients who received one
VTE prophylaxis regimen are presented in Table 2. Most
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2793 patient records assessed for
eligibility

2252 excluded:

Weight >45 or no weight
recorded
Age <18 or >89 years

Not a medicine patient
Length of stay < 72 hours
Duration of prophylaxis <48
hours

Received therapeutic
anticoagulation

541 patients underwent manual chart
review

200 excluded

180 CrCl < 30 mL/min

18 suspected VTE or bleed on
admission
2 obstetric treatment

341 patients included in regimen
description

41 patients received > 1 regimen

300 patients included in health
outcome analysis

Figure |. Flowchart of study participants.

Table I. Venous Thromboembolism Prophylaxis Regimens for Patients Receiving More Than One Regimen.

Change in dosing strategy

Regimen |

Regimen 2

Number of patients

Switched from standard to reduced dose (n = 30, 73%) Enoxaparin 40 mg QD

Heparin 5000 units TID
Heparin 5000 units TID

Remained in same dose category (n = 6, 15%) Heparin 5000 units TID

Enoxaparin 40 mg QD
Enoxaparin 30 mg QD

Switched from reduced to standard dose (n = 5, 12%) Enoxaparin 30 mg QD

Enoxaparin 30 mg QD

Enoxaparin 30 mg QD
Enoxaparin 30 mg QD
Heparin 5000 units BID
Enoxaparin 40 mg QD
Heparin 5000 units TID
Heparin 2500 units TID
Heparin 5000 units TID
Enoxaparin 40 mg QD

<

WIN—DNWOUL

Abbreviations: BID, twice daily; TID, 3 times daily; QD, daily.

patients were prescribed standard dose VTE prophylaxis with
heparin 5000 units SC 3 times daily (n = 115, 38%) followed
by enoxaparin 40 mg SC daily (n = 63, 21%). Among patients

receiving reduced dose prophylaxis, 4 different regimens were
used: heparin 5000 units SC twice daily (n = 87, 29%), enox-
aparin 30 mg SC once daily (n = 33, 11%), heparin 2500 units
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SC 3 times daily (n = 1, 0.3%), and enoxaparin 20 mg SC once
daily (n = 1, 0.3%). The IMPROVE score was 2 or higher in
69.6% of the study population, warranting chemical

Table 2. Venous Thromboembolism Prophylaxis Regimens in
Patients Receiving One Regimen.

Regimen Standard (n = 178) Reduced (n = 122)

Unfractionated heparin, n (%)

Heparin 5000 units TID 115 (64.6) 0 (0)

Heparin 5000 units BID 0 (0) 33 (27.0)

Heparin 2500 units TID 0 (0) 1 (0.8)
Enoxaparin, n (%)

Enoxaparin 40 mg daily 63 (35.4) 0 (0)

Enoxaparin 30 mg daily 0 (0) 87 (71.3)

Enoxaparin 20 mg daily 0(0) 1 (0.8)

Abbreviations: BID, twice daily; TID, 3 times daily; mg, milligrams.

prophylaxis according to our system-wide guidelines. Patients
who received a reduced dose were older and had a lower CrCl,
a longer time to first dose of VTE prophylaxis, and shorter
duration of VTE prophylaxis (Table 3).

Standard dose VTE prophylaxis was associated with major
bleeding compared with reduced dose prophylaxis, (odds ratio
4.73, 95% CI 1.05 to 21.34), adjusted for gender, age and low
hemoglobin on admission (Table 4). Most major bleeding
events (13 of 15 events) were classified as a drop in hemoglobin
of >2 g/dL. Of the 15 patients that experienced a major bleed,
13 received a standard dose (9 received heparin 5000 units TID
and 4 received enoxaparin 40 mg daily) while 2 received a
reduced dose (heparin 5000 units BID) of VTE prophylaxis.

Five patients experienced a CRNMB, 2 in the standard
dose and 3 in the reduced dose groups [2 (1.1%) vs.
3 (2.4%), P = 0.38]. No patients in the standard dose group
experienced a VTE while 1 patient had a lower extremity DVT

Table 3. Baseline Characteristics of Patients Receiving One Regimen for Venous Thromboembolism Prophylaxis.

Characteristic All (n = 300) Standard (n = 178) Reduced (n = 122)

Age™ P 71.50 (60.8, 80.0) 69.50 (58.0, 77.0) 76 (64.3, 83.0)
Age >65y n (%) 204 (68) 113 (63.5) 91 (74.6)

Male gender, n (%) 44 (14.6) 27 (15.1) 17 (13.9)

Weight, kg* 41.70 (39.2, 434) 41.40 (39.0, 43.5) 41.90 (39.7,43.3)

Hospital® n (%)

Site | 134 (44.6) 86 (48.3) 48 (39.3)
Site 2 38 (12.6) 23 (12.9) 15 (12.2)
Site 3 81 (27) 58 (32.5) 23 (18.8)
Site 4 47 (15.6) I (6.1) 36 (29.5)

Service, n (%)

Medical floor 251 (83.6) 144 (80.8) 107 (87.7)
Stepdown unit 49 (16.3) 34 (19.1) 15 (12.2)

Ethnicity, n (%)

Caucasian 220 (73.3) 125 (70.2) 95 (77.8)
Black 29 (9.6) 19 (10.6) 10 (8.1)
Other/unknown 51 (17.0) 34 (19.1) 17 (13.9)

IMPROVE score at admission, n (%)

Characteristic All (n = 300) Standard (n = 178) Reduced (n = 122)
Low (0 -1) 91 (30.3) 52 (29.2) 39 (31.9)
Moderate (2-3) 187 (62.3) 112 (62.9) 75 (61.4)

High (4+) 22 (7.3) 14 (7.8) 8 (6.5)

Charlson Comorbidity Index, n (%)

0 6 (2.0 4(22) 2 (1.6)

Low (1-2) 51 (17.0) 34 (19.1) 17 (13.9)
Moderate (3-4) 89 (29.6) 56 (31.4) 33 (27.0)
High (5+) 154 (51.3) 84 (47.1) 70 (57.3)

SCr at admission® 0.60 (0.5, 0.8) 0.60 (0.5, 0.8) 0.60 (0.5, 0.7)
CrCP*® 40.10 (35.0, 57.1) 41.01 (36.7, 61.0) 38.96 (34.4, 52.4)

Low Hg at admission, n (%)° 121 (40.3) 71 (39.9) 50 (41)

Platelets <50,000, n (%) 0 (0) 0(0) 0 (0)

Hepatic disease, n (%) 1 (1.3) 0 (0) I (3.7)

Bleeding disorder, n (%) 0 (0) 0 (0) 0 (0)

Admitted due to anemia, n (%) 2(0.7) 2 (L.1) 0 (0)

Time to first dose, hours™ 11.41 (7.9, 24.4) 10.34 (7.2, 18.8) 14.64 (8.9, 28.7)

Time from first to last dose, hours™ ® 98.40 (72.0, 159.0)

105.6 (76.2, 166.8)

95.5 (65.1, 133.6)

Abbreviations: CrCl, creatinine clearance; SCr, serum creatinine.

?Data presented as n (%) unless otherwise noted. Median, IQR.

bStatistically significant (P-value <0.05).

“Defined as a hemoglobin <I3mg/dL in males and <I1.5mg/dL in females on admission.

9Defined as an INR >1.5 on admission. Only 78 patients had an INR available on admission, 51 in the standard dose group and 27 in the reduced dose group.
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Table 4. Health Outcomes in Patients Receiving One Regimen for Venous Thromboembolism Prophylaxis.

All (n = 300) Standard dose (n = 178) Reduced dose (n = 122) Standard vs. reduced dose
Major bleed, n (%) 15 (5) 13 (7.3) 2 (1.6) OR 4.73 (1.05 to 21.34)*
Hgb drop >2 g/dL 13 (4.3) I (6.1) 2 (1.6)
Transfusion of >2 units 2 (0.6) 2 (1.1) 0 (0)
CRNMB, n (%) 5(1.6) 2 (I.1) 3(24) P=0.38
VTE, n (%) I (0.3) 0 (0) | (0.6) =0.23
PE 0 0 0
DVT, lower extremity | 0 |
Length of stay, hours (median, IQR) 161.0 (98.0, 195.3) 147.7 (98.1, 205.3) 131.2 (98.0, 184.3) P =029

Abbreviations: CRNMB, clinically relevant, non-major bleed; Hgb, hemoglobin; IQR, interquartile range; OR, odds ratio; VTE, venous thromboembolism; PE,

pulmonary embolism; DVT, deep vein thrombosis.
?Adjusted for gender, age >65 years and low admission hemoglobin.

in the reduced dose group (0% vs. 0.56%, P = 0.23). Median
length of stay was similar between groups (148 vs. 131 hours,
P =10.29).

Discussion

In general medicine practice, a reduced dose of UFH or enox-
aparin for VTE prophylaxis was used in 38% of patients stud-
ied. This practice was associated with a lower odds of major
bleeding; the incidence of VTE was rare. No cases of critical
bleeding into a major organ occurred. Most bleeding events
were due to a hemoglobin drop of at least 2 g/dL but were not
always further documented in the medical record as an active
bleed or clinically relevant.

Darzi et al identified several demographic and clinical fac-
tors that are associated with bleeding risk in hospitalized med-
ical patients.'” By nature of our exclusion criteria, several of
these characteristics were excluded in our population including
admission to the intensive care unit, active bleeding on admis-
sion, creatinine clearance of 30 mL/min or less, and body mass
index of 40 or greater. Furthermore, our health-system guide-
line for prescribing VTE prophylaxis suggests exclusion of
patients with platelets less than 50,000 cells/mcL. Other pre-
dictive variables including history of blood disorders, history of
hepatic disease, active gastrointestinal ulcer, or anemia as the
reason for admission were close to absent in our population.
Therefore, we consider our study population to have an overall
low risk of bleeding. Despite this, we found that using standard
doses of VTE prophylaxis was associated with major bleeding.

We did not observe signals of potential harms with reducing
VTE prophylaxis doses. Our observed incidence of VTE events
was low (0.3%) overall and in comparison to prior evidence
suggesting a frequency of approximately 1% among the gen-
eral population receiving VTE prophylaxis.'""'® Underweight
patients may have a lower risk of VTE since an elevated body
mass index increases VTE risk.'” Underweight patients express
higher anti-Xa levels upon standard dose anticoagulation which
may have been protective against VTE.”

Dose reduction of VTE prophylaxis in underweight patients
was common in our population of general medicine patients.
This practice has been studied in the past, but in different

populations with differing risk for VTE and bleeding, making
it difficult to compare our findings to prior research. Dybdahl
et al studied all hospitalized patients (medicine, trauma and
surgery) with a weight less than 45 kg that were prescribed
enoxaparin for VTE prophylaxis and found 37.1% of regimens
in underweight patients were dose reduced (less than 40 mg
daily)."® There were no VTE events and the risk of bleeding
was not associated with enoxaparin dose although this analysis
wasn’t adjusted for confounders. In critically ill patients where
regimens using unfractionated heparin predominated, 15.3% of
underweight patients received a reduced dose and a numeri-
cally higher number of bleeding events occurred in patients
who received standard vs. reduced doses.® Betterhauser et al
studied patients in the neurology critical care unit where 87%
of patients received a reduced dose of VTE prophylaxis, con-
sistent with our definition.’ No statistical difference in overall
bleeding events was observed based on dose, but a significantly
higher proportion of intracranial hemorrhages occurred in
underweight patients given standard versus reduced doses.’

Our study had several limitations. Being retrospective, we
originally planned to conduct a propensity score weighted anal-
ysis of major bleeding using previously identified predictors of
bleeding in our population. Due to the absence of most of these
characteristics within our population, we were unable to do so.
We did not further classify doses of anticoagulants, beyond
categories of overall standard or reduced dose. We did not
assess anti-Xa levels of patients in this study as this was a
retrospective study and measuring anti-Xa levels is an uncom-
mon practice in our health system. Even still, our analysis of
major bleeding remains robust and adjusted for the predictive
variables that were present. Finally, the accuracy of our data is
dependent on the accuracy of documentation in the electronic
health record therefore we cannot rule out misclassification
bias. However, we carefully assessed for the presence of bleed-
ing and VTE outcomes throughout the medical record and thus
have confidence in our findings.

Conclusions

A variety of VTE prophylaxis regimens are used in under-
weight general medicine patients and pre-emptive dose
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reduction was common. In underweight medical patients, a
standard dose of VTE prophylaxis was associated with major
bleeding compared with a reduced dose, which sufficiently
provided protection from VTE. Therefore, reducing the dose
of VTE prophylaxis in patients who weigh < 45 kg in general
medicine units is reasonable; however, these results should be
confirmed with prospective studies.
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