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Abstract
Background: There is limited evidence that guides the choice between heparins for
thromboprophylaxis in critically ill patients. The objective of this study was to compare enoxaparin
with unfractionated heparin (UFH) as a prophylactic strategy in the intensive care unit (ICU).
Methods: This was a prospective cohort study (N=798) that evaluated the incidence of
symptomatic venous thromboembolism (VTE) in a medical-trauma-surgical ICU patients (7/20061/2008). Thromboprophylaxis was given routinely according to established evidence-based
guidelines. First, a propensity score was derived from a multinomial logistic regression model to
adjust for baseline imbalances. Then Cox proportional regression analysis was used to estimate
hazard ratio adjusting for the generated propensity score.
Results: Of the 798 patients in the cohort, 639 (80.0%) patients received a heparin for
thromboprophylaxis: 174 patients received enoxaparin and 465 patients received UFH. There was
no difference in VTE incidence during ICU stay in the two groups: 8.0% (3.1 per 1000 patient-days)
for patients on enoxaparin and 7.5% (3.6 per 1000 patient-days) for those on UFH. Additionally,
VTE incidence was 7.3% for patients on UFH 5000 units 12 hourly and 7.6% for those who
received 5000 units 8 hourly (p=0.89). The VTE rates were similar in medical, trauma and surgical
patients. Enoxaparin was associated with similar VTE risk compared with UFH (propensity scoreadjusted hazard ratio, 0.95; 95% CI, 0.46-1.96). This finding was observed in medical, trauma and
surgical patients.
Conclusions: In a medical-trauma-surgical ICU, the use of enoxaparin was associated with
similar VTE incidence and adjusted VTE risk compared with UFH.
Keywords: Critically ill, venous thromboembolism, heparin, low-molecular weight heparin,
prophylaxis.
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Introduction
Critically ill patients have multiple risk factors
for venous thromboembolism (VTE)1 leading to
deep venous thrombosis (DVT) incidence that ranges
between 9.6 and 33%2-4. The 2012 Antithrombotic
Therapy and Prevention of Thrombosis 9th edition
(AT9) guidelines recommended routine assessment
for VTE risk and thromboprophylaxis and suggest
pharmacologic prophylaxis using unfractionated
heparin (UFH) or low molecular weight heparin
(LMWH)5. The evidence clearly favors heparins over
no prophylaxis to prevent DVT with a recent systematic
review of seven trials involving 7,226 patients in adult
medical-surgical intensive care units (ICUs) showing
that a heparin (UFH or LMWH) thromboprophylaxis
compared with placebo reduced the rates of DVT
(pooled risk ratio, 0.51; 95% confidence interval
[CI], 0.41-0.63; p< 0.0001; I2=77%) and pulmonary
embolism (PE) (risk ratio, 0.52; 95% CI, 0.28-0.97;
p=0.04; I2= 0%)6. The evidence that compared LMWH
with UFH for thromboprophylaxis in ICU patients is
less conclusive. A randomized controlled trial in major
trauma patients compared LMWH with UFH and
found that DVT incidence was significantly lower in
the LMWH (enoxaparin) group (31% versus 44% in
UFH group, p=0.01)7. Three subsequent randomized
controlled trials in medical8,9 and surgical10 ICU
patients compared enoxaprin (30 mg twice daily8,9
or 40 mg once daily10) with UFH (5000 units twice
daily) did not find difference in the incidence of all
DVT. The largest multicentre randomized controlled
trial to date, compared LMWH (dalteparin, 5000 units
subcutaneously once daily) with UFH (5000 units
twice daily) in 3764 nontrauma ICU patients and found
similar proximal DVT incidence (5.1% versus 5.8%,
respectively, hazard ratio [HR], 0.92; 95% CI, 0.681.23)11. The meta-analysis of these trials found that
LMWH reduced rates of PE (two trials, risk ratio, 0.62
[95% CI, 0.39-1.00]; p=0.05; I2=53%) but not DVT
(four trials, risk ratio, 0.90; 95% CI, 0.74-1.08; p=0.26;
I2=0%) compared with UFH6. However, a more recent
meta-analysis of eight randomized controlled showed
LMWH compared with UFH reduced the risk of any
DVT (risk ratio, 0.84, 95% CI; 0.71-0.98, p=0.03)12.
The available evidence on LMWH versus UFH
for thromboprophylaxis in ICU patients may be
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criticized by the fact that the trials compared LMWH
with UFH given twice daily and used different
LMWHs. It is believed that the anticoagulant effect
of different LMWHs may not be the same13. Michalis
et al compared tinzaparin with enoxaparin in non-STsegment elevation acute coronary syndromes and found
lower incidence of the primary end point (recurrent
angina, myocardial infarction or reinfarction, or death
at day 7) in the enoxaparin group (12.3% versus 21.1%
in the tinzaparin group, p=0.015)14, with sustained
benefit at 6 months15. The American Heart Association
specifies that enoxaparin is preferred to UFH in the
noninvasive management of unstable angina and nonST elevation myocardial infarction as limited data are
available for the use of other LMWHs16.
The aim of this study was to compare enoxaparin
with UFH given twice or thrice daily as a VTE
prophylactic strategy in a medical-surgical ICU.

Methods
Setting and patients
The ICU was a closed medical-trauma-surgical
unit staffed by board-certified intensivists 24 hours
per day, 7 days per week. The hospital was a 900bed tertiary-care academic center in Riyadh, Saudi
Arabia and had adapted its own evidence-based
thromboprophylaxis guidelines that were based on
the 2004 ACCP recommendations17. The treating
intensivists selected the thromboprophylaxis modality
after assessing VTE and bleeding risks. During the
study period, the heparins available in the hospital
formulary were enoxaparin and UFH.
This prospective observational cohort study was
performed to determine the incidence, predictors and
outcomes of VTE in critically ill patients18. The cohort
was comprised of consecutive adult patients (age
≥18 years) admitted to the ICU of King Abdulaziz
Medical City between July 2006 and January 2008
and expected to stay in the ICU for >48 hours. Patients
were excluded if they had any of the following: DoNot-Resuscitate order or brain death within 24 hours
of admission, chronic anticoagulation with warfarin or
heparin, admission to the ICU with acute PE or DVT
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diagnosed on admission or within first 24 hours. In this
study, patients who did not receive any form of heparin
for DVT prophylaxis were excluded. The cohort
patients were followed for the development of VTE
(both DVT and PE) during ICU stay and up to 5 days
after ICU discharge to the wards. Clinically suspected
DVT and PE were diagnosed by Doppler compression
ultrasound of the extremities and spiral computerized
tomography of the chest as requested by their treating
team, respectively. The study was approved by the
Institutional Review Board of King Abdulaziz Medical
City-Riyadh.

Data collection
The following baseline information were noted:
patient’s demographics including age, gender, body
mass index (BMI), Acute Physiology and Chronic
Health Evaluation (APACHE) II19, Admitting
Diagnostic Category (medical, trauma and surgical
[postoperative]), admission Glasgow Coma Scale
(GCS) score, admission creatinine, bilirubin, lactate,
platelet count, International Normalized Ratio (INR)
and partial thromboplastin time and pre-defined VTE
risk factors. In addition, the following data were
collected on a daily basis for a period of 30 days or
until discharge from the ICU to the ward or death in
the ICU, whichever earlier: use of pharmacologic
thromboprophylaxis (UFH or LMWH [enoxaparin]),
the use of mechanical thromboprophylaxis (graduated
compression stockings and intermittent pneumatic
compression devices), number and location of central
lines, and requirement for mechanical ventilation. The
primary outcome of this study was the incidence of
symptomatic VTE among critically ill patients during
the ICU stay and up to 5 days after ICU discharge. The
secondary outcomes were VTE prophylaxis practices,
ICU and hospital mortality, ICU and hospital length
of stay (LOS), and duration of mechanical ventilation.

Categorization of Patients
In this study, patients were categorized into two
groups depending on what was used for pharmacologic
prophylaxis. The first group included the patients who
received enoxaparin and the second group those who
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received UFH. Patients who were switched from UFH
to enoxaparin or vice versa as decided by the treating
intensivist were allocated to the first group if enoxaparin
use was used for >50% of thromboprophylaxis duration
and to the UFH group if UFH use was for >50%.

Statistical Analysis
Statistical analysis was performed using the
Statistical Analysis Software (SAS, Release 8,
SAS Institute Inc., Cary, NC, 1999, USA). Baseline
characteristics, clinical data and outcomes were
summarized by providing the frequencies with
percentages for categorical variables and means with
standard deviations for continuous variables. The
Chi-square test was used to assess differences among
the two groups for categorical variables and Student
t test for continuous variables. We calculated VTE
incidence and incidence rate per 1000 patient-days in
the different groups and reported the incidence rate
ratio with 95% CI.
Due to the observed imbalances in baseline
characteristics, a propensity score was generated using
covariates related to exposure (use of UFH or LMWH)
and outcome (incident VTE)20. Hence, the following
variables were entered in the regression model: age,
sex, BMI, admission category (medical, surgical and
trauma), time spent in the hospital prior to enrolment
in the study, admission APACHE II score, Glasgow
Coma Scale (GCS) on admission, baseline glomerular
filtration rate as estimated by the Modification of Diet
in Renal Disease (MDRD) formula21 (< versus ≥30
ml/hour), platelet count, INR, partial thromboplastin
time, spinal cord injury, recent surgery, recent femur or
pelvic fractures or knee or hip replacement, bedridden
status before ICU admission, presence of malignancy,
recent surgery, recent stroke, presence of central
venous or hemodialysis catheter, presence of sepsis
on ICU admission, and use of mechanical prophylaxis
(graduated compression stockings and/ or intermittent
pneumatic compression devices). A multivariate
Cox proportional regression analysis was performed
to compare the effect of heparin type on VTE
development adjusting for the calculated propensity
score. Stratified analysis was also performed according
to the admission category, baseline glomerular filtration
M.E.J. ANESTH 25 (1), 2018
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Fig. 1
The use of enoxaparin and
unfractionated heparin
for thromboprophylaxis
in medical, trauma and
surgical patients. There was
a significant difference in
the pattern of heparin use
among the three groups
(p<0.001) at the end the
sentence.

rate (< versus ≥ 30 ml/hour) and the use of graduated
compression stockings and of intermittent pneumatic
compression devices. The results of the Cox regression
analyses were presented as HR with 95% CI. P-values
< 0.05 were considered statistically significant for all
analyses.

Results
Patient Characteristics
The primary cohort consisted of 798 patients
and 639 (80.0%) patients who received heparin
for VTE prophylaxis were included in this study.
Demographics, pertinent laboratory tests and VTE risk
factors as presented in table 1. When adjusted for the
generated propensity score, all differences between

Fig. 2
Incidence of venous
thromboembolism in medical,
trauma and surgical patients.

groups became non-significant UFH.. Figure 1
describes the use of enoxaparin and UFH depending on
the admission type. Most medical (85.1%) and surgical
(79.2%) patients received UFH whereas most trauma
(58.7%) patients received enoxaparin. For patients
who received UFH, 192 (41.3%) received 5000 units
12 hourly, 250 (53.8%) patients received 5000 units 8
hourly and the rest (4.9%) received other doses. The
use of mechanical prophylaxis in addition to heparin
was common (50.4%). Patients on enoxaparin received
mechanical prophylaxis more commonly (60.3%
versus 46.7% for those receiving UFH; p=0.002).

Incidence of venous thromboembolism
VTE outcomes in the two groups are presented
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Table 1
Characteristics of patients of who received phrmacologic thromboprophylaxis
Variable

Enoxaparin

UFH

(N=174)

(N=465)

Age (years), mean ± SD

36.7 ± 18.5

54.7 ± 20.9

Age < 40 years, N (%)

109 (62.6)

124 (26.7)

Age ≥ 40 years, N (%)

65 (37.4)

341 (73.3)

Crude p-value

Adjusted
p-value#

<0.0001

91

<0.0001

0.73

Female gender, N (%)

34 (19.4)

173 (37.2)

<0.0001

0.96

Body mass index (Kg/m2), mean ± SD

27.4 ± 7.2

29.1 ± 11.7

0.04

0.99

<0.0001

0.68

Admitting Diagnostic Category, N (%)
Medical

56 (32.2)

320 (68.8)

Trauma

98 (56.3)

69 (14.8)

Surgical

20 (11.5)

76 (16.3)

APACHE II score, mean ± SD

20.6 ± 7.3

24.4 ± 9.0

<0.0001

0.96

Glasgow Coma Scale score on admission, mean ± SD

7.8 ± 3.9

8.7 ± 4.2

0.01

0.98

Mechanical ventilation, N (%)

156 (89.7)

398 (85.6)

0.18

0.92

Creatinine* (μmol/dL), mean ± SD

96 ± 65

170 ± 154

<0.0001

0.5

Estimated GFR (mL/min), mean ± SD

113.7 ± 165.2

70.2 ± 68.1

0.001

0.51

Lactate* (mmol/L), mean ± SD

2.9 ± 2.5

3.0 ± 3.1

0.63

0.76

Bilirubin* (μmol/L), mean ± SD

23 ± 19

35 ± 74

0.003

0.66

INR, mean ± SD

1.2 ± 0.4

1.3 ± 0.6

0.02

0.99

PTT (seconds), mean ± SD

35.7 ± 38.1

35.6 ± 28.4

0.99

0.98

Platelet count (10 /L), mean ± SD

252 ± 147

268 ± 157

0.26

0.99

Femur fracture N (%)

34 (19.5)

14 (3.0)

<0.0001

0.87

Sepsis, N (%)

29 (16.7)

212 (45.6)

<0.0001

0.96

Congestive heart failure, N (%)

4 (2.3)

30 (6.4)

0.04

0.84

Recent myocardial infarction, N (%)

0 (0)

7 (1.5)

0.1

0.96

Recent stroke, N (%)

6 (3.4)

78 (16.8)

<0.0001

0.97

Previous VTE, N (%)

2 (1.2)

7 (1.5)

0.73

1

Recent surgery, N (%)

81 (46.6)

112 (24.1)

<0.0001

0.93

Recent spinal cord injury, N (%)

13 (7.5)

5 (1.1)

<0.0001

0.83

Malignancy, N (%)

12 (6.9)

58 (12.5)

0.04

0.98

Bedridden Status for more 3 days before admission, N (%)

51 (29.3)

248 (53.3)

<0.0001

0.93

9

Central Line, N (%)

130 (74.7)

331 (71.2)

0.38

0.99

Femoral vein

74 (42.5)

191 (41.1)

0.74

0.21

Internal jugular or subclavian vein

110 (63.2)

308 (66.2)

0.48

0.29

Hemodialysis catheter, N (%)

9 (5.2)

67 (14.4)

Intermittent pneumatic compression devices, N (%)

68 (39.1)

130 (28.0)

0.007

0.98

Compression stocking devices, N (%)

53 (30.5)

108 (23.3)

0.06

0.99

Combination of intermittent pneumatic compression
devices and compression stocking devices, N (%)

16 (9.2)

22 (4.7)

0.03

1

Any mechanical prophylaxis, N (%)

105 (60.3)

217 (46.7)

0.002

0.97

0.42

APACHE, Acute Physiology and Chronic Health Evaluation; GFR, glomerular filtration rate; PTT, Partial Thromboplastin Time; SD,
standard deviation; VTE, venous thromboembolism
# adjusted to propensity Score
* To convert creatinine to mg/dL divide by 88.4, bilirubin to mg/dL divide by 17.1, lactate to mg/dL divide by 0.111
M.E.J. ANESTH 25 (1), 2018
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Table 2
Outcomes of patients
Enoxaparin

UFH

(N=174)

(N=465)

VTE incidence, N (%)

14 (8.0)

DVT alone, N (%)

Crude p-value

Adjusted
p-value#

35 (7.5)

0.83

0.73

5 (2.9)

20 (4.3)

0.41

0.45

PE alone, N (%)

8 (4.6)

12 (2.6)

0.19

0.41

PE and DVT, N (%)

1 (0.6)

3 (0.65)

0.92

0.08

Hospital Mortality, N (%)

26 (15.0)

169 (36.5)

<0.0001

0.26

ICU Mortality, N (%)

11 (6.3)

95 (20.4)

<0.0001

0.31

Mechanical ventilation duration (days), mean ± SD

10.8 ± 9.3

10.6 ± 14.4

0.86

0.65

ICU LOS (days), mean ± SD

21.5 ± 52.1

16.8 ± 21.7

0.25

0.07

Hospital LOS (days), mean ± SD

99.7 ± 179.1

70.6 ± 104.9

0.046

0.16

DVT, deep vein thrombosis; ICU, intensive care unit; LOS, length of stay; PE, pulmonary embolsim; VTE, venous
thromboembolism

in Table 2. Fourteen (8.0%) patients on enoxaparin
and 35 (7.5%) patients on UFH developed VTE during
ICU stay (p=0.89). The corresponding VTE incidence
rates were 3.1 per 1000 patient-days and 3.6 per 1000
patient-days, respectively. The incidence rate ratio in
the UFH compared with the LMWH group was 1.18
(95% CI, 0.64-2.19).
VTE incidences depending on the admission type
(medical, trauma and surgical) as shown in figure 2.
There were no significant differences in this incidence
among medical, trauma and surgical patients (p=0.79).
The use of either enoxaparin or UFH did not affect
VTE incidence in the three admission type groups.
For patients on UFH, VTE incidence was 7.3%
for the group of patients who were on 5000 units 12
hourly (incidence rate = 3.4 per 1000 patient-days)
and 7.6% for those who received 5000 units 8 hourly
(incidence rate = 3.6 per 1000 patient-days) (p=0.89).
Accounting for the differences between the
enoxaparin and UFH groups, Cox regression analysis
adjusted for the propensity score was performed and
showed that LMWH was associated with similar VTE
risk compared with UFH (HR, 0.95; 95% CI, 0.461.96). The HR for VTE was 2.1 (95% CI, 0.74-5.74) in
medical patients, 0.794 (95% CI, 0.24-2.62) in trauma

patients and 0.36 (95% CI, 0.05-2.64) in surgical
patients.

Other outcomes
Outcomes other than VTE are also reported in
Table 2. There were significant differences in ICU
of hospital mortalities, which were higher in the
group that received UFH for thromboprophylaxis.
The hospital LOS was significantly higher in the
enoxaparin group compared with the UFH group.
All these differences became non-significant after
adjusting for the propensity score.

Discussion
The main findings of this study were the following:
symptomatic VTE was diagnosed in 7.7% of critically
ill patients receiving a heparin for prophylaxis; there
were no differences in VTE incidence and propensity
score-adjusted VTE risk in the patients receiving
enoxaparin compared with those receiving UFH for
thromboprophylaxis.
The incidence of VTE in ICU patients has varied
in the different studies depending on the employed
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methodology and the use of thromboprophyalxis.
Earlier studies found a DVT incidence ranging between
23.6%3 and 33%2. More recently, the DVT incidence
was 9.6% when lower extremity Doppler ultrasound
was performed within 48 hours of ICU admission and
then twice weekly with all patients on VTE prophylaxis
(pharmacologic prophylaxis for 92.8% and mechanical
for the other 7.2%)4. In a large multicenter trial that
compared dalteparin with UFH and in which DVT was
diagnosed on compression ultrasonography performed
within 2 days after admission, twice weekly, and as
clinically indicated, proximal DVT occurred in 5.1%
versus 5.8%, respectively and PE in 1.3% and 2.3%,
respectively11. In the current observational study VTE,
was observed in 7.7% of patients with the incidence
being similar in the enoxaparin and UFH groups.
The AT9 VTE prophylaxis guidelines for
critically ill patients recommend using LMWH or
UFH over no prophylaxis after assessing VTE and
bleeding risks5. LMWHs and UFHs have different
characteristics. The LMWHs are obtained through
chemical or enzymatic depolymerization of the
polysaccharide chains of UFH leading to complex
mixtures of highly sulfated oligosaccharides. There
are now at least eight approved originator LMWHs
with their own international non-proprietary names,
including enoxaparin, dalteparin, nadroparin, reviparin
and tinzaparin22. Different depolmerization techniques
are used in the manufacture of these LMWHs. For
dalteparin (weight-average molecular weight= 6,000
Daltons), depolymerisation with nitrous acid leads
to 2,5-anhydromannitol residue at reducing ends.
For enoxaparin (weight-average molecular weight=
4,500 Daltons), beta-eliminative cleavage of benzyl
ester by alkaline hydrolysis results in 2-O-sulfated
uronic acid (unsaturated at the 4–5 position) at nonreducing ends13,22. These differences lead to diverse
physicochemical characteristics and antifactor Xa and
anti-thrombin activities. The antifactor Xa activity
varies from 83 to 130 U/mg among the different
LMWHs (105 for enoxaparin and 130 for dalteparin)23,
while the antithrombin activity varies from 27 to 58
U/mg. Therefore, the different LMWHs cannot be
considered the same from biochemical point of view.
Relatively small number of studies were head-tohead comparisons of two LMWHs14,24-26. Some studies
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found similar effectiveness. Tinzaparin was equally
effective as enoxaparin in VTE prophylaxis after hip
surgery in one trial24. Enoxaparin and nadroparin with
GP IIb/IIIa inhibitor therapy were found to have similar
effects on the development of major cardiac events in an
observational study of patients with unstable angina25.
A non-randomised study involving over 8,000 patients
reported that switching from nadroparin to enoxaparin
for thromboprophylaxis after major orthopedic surgery
did not compromise patient safety27. A Canadian study
investigated the therapeutic interchange of enoxaparin
to dalteparin for VTE prophylaxis in 135 patients
with acute spinal cord injury and/or major orthopedic
trauma and found that symptomatic VTE was reported
in one patient who received enoxaparin (1.6%) and
seven patients who received dalteparin (9.7%; absolute
risk difference, 8.1%; 95% CI, −0.6-15.6; p=0.103)28.
Other studies have shown differences in effectiveness.
A randomized controlled trial in patients who had
colorectal surgery for cancer found that patients treated
with nadroparin 2850 IU/day for thromboprophylaxis
had a higher incidence of asymptomatic distal DVT
compared with those receiving enoxaparin 4000 IU/
day26. Another trial in patients with non-ST-segment
elevation acute coronary syndrome found lower
incidence of the primary end point (recurrent angina,
myocardial infarction or reinfarction, or death at day
7) in the enoxaparin group (12.3% versus 21.1% in
the tinzaparin group, p=0.015)14. Hence, the US Food
and Drug Administration, World health Organization,
American College of Chest Physicians, and the
American Heart Association/American College of
Cardiology view each LMWH as a distinct medicinal
entity13,16. There are no studies that compared the
different LMWHs for thromboprophylaxis in critically
ill patients. The PROTECT trial demonstrated no
difference in proximal DVT incidence between the
dalteparin and UFH groups; however, the question
remains whether other LMWH, and in particular
enoxaparin, is more effective than UFH. Our
observational study did not show differences in VTE
incidence between enoxaparin and UFH in medical,
trauma and surgical patients. Additionally, higher
UFH dose (5000 units 8 hourly) was not associated
with lower VTE incidence than UFH (5000 units 12
hourly).
VTE acquired in the ICU may be associated with
M.E.J. ANESTH 25 (1), 2018
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morbidity and mortality. Patients with DVT had longer
duration of mechanical ventilation, of ICU stay and of
hospital stay and higher hospital mortality (56% versus
38%; p=0.04)4. In this study, patients who received
UFH had higher mortality than those who received
enoxaparin. This is likely related to the differences in
the characteristics of patients as the differences became
non-significant with propensity-adjusted analysis.
The findings of this study should be interpreted
in the light of its strengths and limitations. Strengths
include the prospective data collection. Limitations
include the study observational nature and being
conducted at a single center. Moreover, the study
was conducted between July 2006 and January 2008.
However, thromboprophylaxis options in the ICU
setting remain practically the same since then. UFH
and LMWH are most commonly used pharmacologic
agents in the ICU setting.The few number of VTE events
in this study may have led to type II error. Although
we used propensity score adjustment to reduce
biased estimates of treatment effect, the influence
of unmeasured confounders cannot be excluded.
Additionally, unlike the PROTECT trial, there were
no surveillance ultrasound performed; and VTE
diagnostic tests were only performed at the discretion
of the treating team when clinically suspected, which
may lead to under-diagnosis; however, this simulates
the day-to-day ICU care as routine DVT screening is
not recommended for most critically ill patients29,30.
Moreover, the economic effect of enoxaparin versus
UFH was not evaluated in the current study. A recent
study found similar or lower total costs associated with
the use of dalteparin than UFH31.
In conclusion, our observational study found that
enoxaparin for thromboprophylaxis was associated
with similar incidence and risk of symptomatic
VTE compared with UFH in medical-surgical ICU
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patients. Three-times daily dosing of UFH (5000
units 8 hourly) was also associated with similar VTE
incidence compared with lower dosing (5000 units 12
hourly). However, conclusive answers these important
questions require sufficiently powered randomized
controlled trials.
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