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Abstract 
Background: Pharmacologic thromboprophylaxis (PTP) is the mainstay prevention strategy for venous thromboembolism (VTE). PTP 
agents traditionally dosed, like unfractionated heparin (UFH) and enoxaparin (ENOX), are associated with failure and bleeding in obese 
and underweight patients, respectively. 
Objectives: This study aimed to describe the prevalence of unadjusted ENOX and UFH dosing for PTP based on anthropometric 
measures. 
Patients/Methods: This was a post-hoc, multicenter, cross–sectional analysis of critically ill adults receiving PTP with ENOX or UFH. 
The primary outcome was the prevalence of unadjusted PTP based on body mass index (BMI) and total body weight (TBW). Definitions 
for dose adjustments were developed based on existing literature. A secondary outcome was to identify factors associated with 
unadjusted dosing per BMI and TBW using multivariable generalized linear mixed-effect models. 
Results: The nested cohort included 172 patients (ENOX=46, UFH=126). Unadjusted PTP was observed in 118 patients (68.6%) based 
on BMI and 74 (43%) per TBW. When comparing UFH to ENOX, more patients who received UFH had doses unadjusted by BMI (78.6% 
vs. 41.3%, p<0.05) but not TBW (43.7% vs. 41.3%). Factors independently associated with unadjusted PTP per BMI were receipt of UFH 
(OR 6.93, 95% CI 1.06-8.77) or a BMI underweight or overweight/obese (OR 10.45, 95% CI 4.38-24.92). Having a TBW <50kg or >100kg 
(OR 4.85, 95% CI 2.15-10.96) were independently associated with unadjusted PTP based on TBW. 
Conclusions: Unadjusted dosing of PTP occurs frequently in critically ill adults receiving ENOX or UFH. This was seen in body size 
extremes by both BMI and TBW. 
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Introduction 
Venous thromboembolism (VTE) incidence is higher among 
patients in the intensive care unit (ICU) due to high severity of 
illness, underlying comorbidities, immobilization, and need for 
mechanical ventilation.[1]  VTE leads to prolonged stay, higher 
cost, and increased morbidity, and mortality.[2]  The use of 
pharmacologic thromboprophylaxis (PTP) is the mainstay 
prevention strategy to be used alone or in combination with 
mechanical prophylaxis.[3]  Without robust trials to stratify 
risks for bleeding or thrombosis in the critically ill population, 
multiple VTE prophylaxis guidelines make low grade 
recommendations that include subjective assessments, such as 
‘patients with a high bleed risk’ or ‘patients at risk for 
thrombosis.’[4, 5]   
 
 
 
 
Corresponding author:  
W. Anthony Hawkins, PharmD, BCCCP 
University of Georgia College of Pharmacy  
1000 Jefferson Street, Albany, GA 31701 
Email: hawkins@uga.edu  
Phone: 229-312-2158; Fax: 229-312-2155 

Commonly used PTP agents, such as unfractionated heparin 
(UFH) and enoxaparin (ENOX), have been associated with 
failure and bleeding in obese and underweight patients, 
respectively, when traditional dosing schemes are used.[6]  
While traditional dosing is not well defined and concerns of 
safety and efficacy are well documented, dosing adjustments 
are not commonplace. This study aimed to characterize current 
practice related to dosing of ENOX and UFH for PTP in ICU 
patients and examine the rate of unadjusted dosing of PTP 
based on different anthropometric criteria, including total body 
weight (TBW) and body mass index (BMI). 
 
Materials and Methods 
This was a post-hoc analysis of a previously published 
multicenter, cross-sectional, point-prevalence study that aimed 
to describe the withholding of PTP in the form of ENOX or UFH 
in ICU patients across nine institutions in the state of Georgia. 
The original study included all ICU patients, whereby all data 
was collected on a single day in March 2014, and patients that 
were lacking pharmacologic prophylaxis were analyzed.[7]  The 
primary endpoint was the prevalence of unadjusted PTP based 
on BMI and TBW. Table 2 defines adjusted PTP dosing for UFH 
and ENOX based on BMI and TBW. These definitions were 
derived from the summation of literature regarding VTE 
prophylaxis in critically ill.[8-10]  Secondary endpoints included 
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adjustment of dose based on anthropometric stratification by 
TBW and BMI and identification of risk factors for unadjusted 
dosing. The continuous data was determined to fit a non-
parametric distribution and was evaluated using Wilcoxon 
Rank-Sum. For all analyses, p<0.05 was considered significant. 
All analyses were performed using STATA 15. 
 
Results and Discussion 
Of the 364 patients in the original study, 172 received PTP with 
the agents of interest and were included in this analysis. 126 
patients (73%) received UFH and 46 patients (27%) received 
ENOX. The median age was higher in patients receiving UFH (64 
vs. 52 years, p = 0.004). Patients receiving UFH were of similar 
body habitus to patients in the ENOX group based on median 
BMI (27 vs. 28 kg/m2) or median weight (77 vs. 82 kg). Patients 
in both groups were mostly bedridden in both UFH and ENOX 
groups (52 vs 70%), and of the patients receiving UFH, 61 
patients (48%) presented with renal injury versus 9 patients 
(20%) of those receiving ENOX. The majority of patients were 
seen in an academic medical center for both UFH and ENOX 
groups (87 vs 91%). A complete list of baseline characteristics 
are outlined in Table 1.  
 
Currently, available literature regarding the adjustment of VTE 
prophylaxis do not provide clear guidance on best practices. 
Guidelines include limited and vague suggestions for dosing 
such as utilizing UFH twice or three times daily.[4,5] Recent 
literature suggests that underweight and overweight patients 
are at risk for prophylaxis failure and are increasingly at risk to 
bleed and clot, respectively.[8] Data for patient harm is crucial 
to augment therapy. Based on this information, classifications 
for drug dosing in this study were developed accordingly. 
Unadjusted PTP dosing was seen in 118 patients (69%) based 
on BMI and in 74 (43%) when using TBW. More patients who 
received UFH were unadjusted by BMI when compared to those 
who received ENOX (79% vs 41%, p<0.05). The frequency of 
dosing regimens is described in Table 2.  
 
Multivariable generalized linear mixed-effect models designed 
to identify factors independently associated with unadjusted 
dosing are in Table 3. A weight <50 kg or >100 kg (OR 4.85, 95% 
CI 2.15-10.96) and trauma (OR 6.03, 95% CI 1.28-28.44) were 
independently associated with unadjusted dosing per TBW. 
When stratified by BMI, underweight or overweight BMI (OR 
10.45, 95% CI 4.38-24.92) and use of UFH (OR 6.93, 95% CI 1.06-
8.77) were independently associated with unadjusted dosing. 
Hemoglobin greater than 9 g/dL, recent surgery, and trauma 
may influence the risk-to-benefit assessment for developing a 
bleed or thrombosis. On univariate analysis by TBW and BMI, 
neither an INR above 1.5 nor a platelet count less than 100 x 
109/L statistically contributed to unadjusted dosing. While the 
INR and platelet count could have impacted the initial decision 
to prescribe VTE prophylaxis, that patient group has been 
previously described in the initial study.[7]  
 

This study highlighted that a myriad of PTP dosing regimens for 
UFH and ENOX are used and lack uniformity. The variety of 
anthropometric stratification used in the literature contributes 
to lack of guidance for dosing in under- and overweight 
patients. Additionally, both small and large body sizes, defined 
by BMI or TBW, were independently associated with 
unadjusted dosing. This is the first study, to our knowledge, to 
evaluate how effectively these dosing strategies are translated 
to ICU practice. 
 
Elucidating the optimal regimen for PTP in critically ill patients 
is challenging for many reasons, including an array of definitions 
in the literature and infrequent safety and efficacy outcomes. 
There is a growing body of evidence that suggests traditional 
dosing of PTP may not be optimal in ICU patients across all body 
habitus subtypes. The correlations between BMI and the 
incidence of VTE and bleeding highlight the need for 
individualized dosing recommendations in high-risk patient 
populations, including critically ill, underweight, and obese.[1] 
Our study was based in hospitals across Georgia and may not 
reflect practice in other geographic regions. Because the initial 
study was focused on the prescription of PTP, factors that could 
contribute to bleeding risk and impact dosing may not have 
been captured. Therapeutic drug monitoring of ENOX was not 
examined in this study, making assessment of dosing strategy 
difficult. 
 
Conclusion 
Unadjusted PTP dosing in critically ill adults is prevalent, 
regardless of which anthropometric measure is used and it has 
the potential to negatively impact patient outcomes. Given the 
frequency that PTP is prescribed in the ICU, standardized 
anthropometric stratifications to guide PTP dosing are 
necessary. 
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Abbreviations 
BMI – body mass index 
ENOX - enoxaparin 
ICU – intensive care unit 
PTP – pharmacologic thromboprophylaxis 
TBW – total body weight 
UFH – unfractionated heparin 
VTE – venous thromboembolism 
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Table 1. Baseline Characteristics 

Patient Characteristics Entire cohort 
N=172 

UFH 
N=126 

ENOX 
N=46 

p-value 
UFH vs ENOX 

Age in years, median (IQR) 61 (48, 70) 63.5 (52, 71) 52 (35, 68) 0.004 
Male (n, %) 91 (52.9) 63 (50.0) 28 (60.9) 0.21 
Weight in kg, median (IQR) 80 (64, 96.3) 77.1 (59.6, 95.4) 81.5 (67.9, 98) 0.21 
BMI in kg/m2, median (IQR) 27.4 (22.5, 31.8) 27.4 (22.4, 31.8) 27.8 (23.3, 31.8) 0.48 
SOFA score, median (IQR) 5 (3, 7) 5 (3, 7) 4 (3, 6) 0.14 
ICU day, median (IQR) 5 (3, 12) 5 (2, 10) 8 (4, 15) 0.02 
Hospital day, median (IQR) 7 (3, 14) 7 (3, 12) 8 (4, 19) 0.07 
Reason for ICU admission, n (%) 
     Central nervous system 
     Respiratory 
     Cardiovascular 
     Postoperative care 
     Infection/sepsis 
     Bleeding 
     Other 

 
21 (12.2) 
50 (29.1) 
22 (12.8) 
27 (15.7) 
21 (12.2) 

8 (4.7) 
23 (13.4) 

 
11 (8.7) 

36 (28.6) 
19 (15.1) 
23 (18.3) 
19 (15.1) 

6 (4.8) 
12 (9.5) 

 
10 (21.7) 
14 (30.4) 

3 (6.5) 
4 (8.7) 
2 (4.4) 
2 (4.4) 

11 (23.9) 

0.007 

Less than 48hrs post op, n (%) 30 (17.4) 21 (16.7) 9 (19.6) 0.66 
Physical activity, n (%) 
     Mobile 
     Restricted 
     Bedridden 

 
20 (11.6) 
54 (31.4) 
98 (57.0) 

 
17 (13.5) 
43 (34.1) 
66 (52.4) 

 
3 (6.5) 

11 (23.9) 
32 (69.6) 

0.12 

Hemoglobin </= 9g/dL, n (%) 80 (46.5) 59 (46.8) 21 (45.7) 0.89 
INR >1.5, n (%) 80 (46.5) 55 (43.7) 25 (54.4) 0.21 
Platelets </= 100x10^3, n (%) 15 (8.7) 13 (10.3) 2 (4.4) 0.22 
Renal injury, n (%) 70 (40.7) 61 (48.4) 9 (19.6) 0.001 

Hospital Characteristics Entire cohort 
N=172 

UFH 
N=126 

ENOX 
N=46 p-value UFH vs ENOX 

Academic, n (%) 152 (88.4) 110 (87.3) 42 (91.3) 0.47 
Community, n (%) 20 (11.6) 16 (12.7) 4 (8.7)  
Pharmacist participation in daily rounds, n (%) 160 (93.0) 121 (96.0) 39 (84.8) 0.10 
ICU type, n (%) 
     Medical 
     Surgical 
     Cardiac surgery 
     Cardiac care unit 
     Trauma surgery 
     Neuroscience 
     Mixed 

 
61 (35.5) 
39 (22.7) 
20 (11.6) 
12 (7.0) 
9 (5.2) 

22 (12.8) 
9 (5.2) 

 
56 (44.4) 
24 (19.1) 
15 (11.9) 

8 (6.4) 
3 (2.4) 

13 (10.3) 
7 (5.6) 

 
5 (10.9) 

15 (32.6) 
5 (10.9) 
4 (8.7) 

6 (13.0) 
9 (19.6) 
2 (4.4) 

0.001 

   ENOX-enoxaparin; UFH-unfractionated heparin; BMI-body mass index; SOFA-sequential organ failure assessment; ICU-intensive care unit 
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Table 2. Definitions and frequency of dosing by agent and anthropometric stratification 

UFH 

Dose BMI <18 
(n = 11) 

BMI 18-24.9 
(n = 39) 

BMI 25-30 
(n = 34) 

BMI >30 
(n = 23) 

TBW  
< 50 kg 
(n = 11) 

TBW 50-
100 kg 
(n = 93) 

TBW > 100 
kg 

(n = 22) 
Adjusted dose 

(units) 5000 Q12H 5000 Q8H > 7500 Q8H > 7500 Q8H 5000 
Q12H 5000 Q8H > 7500 Q8H 

5000 units 
Q12H 3 19 12 4 7 31 5 

5000 units Q8H 8 20 21 17 4 61 14 
7500 units Q8H 0 0 0 2 0 0 3 

10,000 units 
Q8H 0 0 1 0 0 1 0 

Overdose (%) 73 0 0 0 36 1 0 
Underdose (%) 0 51 97 91 0 33 86 

ENOX 

Dose BMI <18 
(n = 1) 

BMI 18-24.9 
(n = 14) 

BMI 25-30 
(n = 14) 

BMI >30 
(n = 7) 

TBW  
< 50 kg 
(n = 2) 

TBW  
50-100 kg 

(n = 36) 

TBW >  
100 kg 
(n = 8) 

Adjusted dose 
(mg)/day 30 40 > 60 

BMI 30-35: 
> 60 

BMI >35:  
> 80 

30 40 

TBW 100-
150: > 60 

TBW >150:  
> 80 

30 mg Q24H 0 0 2 0 0 3 1 
40 mg Q24H 1 12 3 5 1 21 4 
30 mg Q12H 0 2 9 1 1 12 2 
40 mg Q12H 0 0 0 0 0 0 0 

120 mg Q12H 0 0 0 1 0 0 1 
Overdose (%) 100 14 0 0 100 33 0 

Underdose (%) 0 0 36 86 0 8 63 
UFH-unfractionated heparin; BMI-body mass index; ENOX-enoxaparin; TBW-total body weight 
BMI expressed as kg/m2; TBW expressed as kg 
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Table 3: Multivariable analyses of factors associated with unadjusted PTP by TBW and BMI 

Characteristic Odds Ratio 95% CI 

Independent Factors based on Total Body Weight 

TBW < 50 or > 100 kilograms 4.85 2.15-10.96 

Unfractionated heparin 1.89 0.74-4.88 

Trauma 6.03 1.28-28.44 

Hemoglobin > 9 g/dL 1.66 0.83-3.34 

Surgery within 48 hours 2.20 0.88-5.50 

Independent Factors based on Body Mass Index 

BMI < 18 or > 25 kg/m2 10.45 4.38-24.92 

Unfractionated heparin 6.93 1.06-8.77 

Trauma 0.46 0.12-1.82 

Hemoglobin > 9 g/dL 0.94 0.42-2.08 

Surgery within 48 hours 0.77 0.29-2.08 

TBW-total body weight; BMI-body mass index 

 

  


