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Abstract

Research Article

Background

Intensive care unit (ICU) patients are at a very high risk to 
develop venous thromboembolism  (VTE) with associated 
significant mortality and morbidity because of their 
limited cardiopulmonary reserve. The incidence of VTE 
varies significantly among ICU population depending on 
the underlying disease causing the critical illness. For 
example, in the general ICU population, the incidence of 
deep venous thrombosis (DVT) is between 28% and 32%[1,2] 
whereas in trauma patients, it can reach up to 60%[3] or 
even 70% in patients with acute ischemic strokes.[4‑6] In 
those with hemiplegia, 1%–2% suffer a fatal pulmonary 
embolism (PE).[4,5] The diagnosis of VTE remains generally 
challenging particularly in ICU patients as their clinical 
status such as intubation, sedation, and altered mental status 
usually makes it difficult to distinguish clinical symptoms of 

VTE. That is why 95% of DVTs in critically ill patients are 
clinically silent.[7]

Due to the high prevalence and incidence of VTE in the ICU 
population and because ICU patients are usually from the 
geriatric age group with renal impairment and are susceptible 
for bleeding, we use low molecular weight heparin (LMWH) 
for DVT prophylaxis as it is safe and does not significantly 
influence bleeding risk in critically ill patients who have severe 
renal impairment.[8]

LMWHs are currently used for VTE prophylaxis. We focused 
our study on two LMWHs. The commonly used enoxaparin 
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a first‑generation LMWH and bemiparin a second‑generation 
LMWH. The ratio of anti‑Xa to anti‑IIa activity varies between 
bemiparin and enoxaparin (9.7 and 3.9, respectively).[9] Few 
studies had compared LMWHs bemiparin and enoxaparin as 
thromboprophylaxis following surgeries, for example, total 
knee replacement, vaginal, and abdominal deliveries.[10,11]

The purpose of this study is to compare the efficacy and safety 
of bemiparin and enoxaparin in the prevention of VTE in 
high‑risk critically ill bedridden patients in ICU.

Methods

The study was registered on www.clinicaltrials.gov, 
Registration ID: NCT02795065, Registered June 8, 2016.

We conducted a prospective randomized trial to compare 
thromboprophylaxis using bemiparin and enoxaparin in 
critically ill patients in the ICU. The study was conducted 
between March 2014 and March 2016 and included one 
hundred bedridden patients in the ICU, older than 18 years, 
who are at high risk for developing VTE and require long 
term anticoagulation. Patients were determined to be at high 
risk for VTE if they had a diagnosis of sepsis, stroke, major 
burn, respiratory failure, traumatic brain injury, malignancy, 
and post‑arrest who are intubated and mechanically ventilated 
on continuous intravenous sedation. All patients were initially 
screened on ICU admission by bilateral lower limb venous 
duplex before enrollment in the study, and all patients were 
placed on mechanical DVT prophylaxis.

Exclusion criteria from the study included hypersensitivity 
to LMWHs, hypercoagulability, congenital or acquired 
bleeding disorder, prolongation of activated partial 
thromboplastin time or prothrombin time by 20% compared 
to normal values; thrombocytopenia  (platelet count 
<100,000/mm3); macroscopic hematuria; uncontrolled 
hypertension (systolic blood pressure >200 mmHg; diastolic 
blood pressure >100 mmHg); impaired kidney function: Serum 
creatinine >2.0 mg/dL, bleeding gastrointestinal ulcer. Patients 
having a current episode of DVT or even history of prior DVT 
or pulmonary embolism, history of documented or suspected 
heparin‑induced thrombocytopenia, ischemic stroke, history 
of or active intracranial disorder (cerebral vascular aneurysm, 
arterio‑venous malformation or cerebral neoplasm), and history 
of hemorrhagic stroke, active hemorrhage or increased risk of 
bleeding due to impaired hemostatics or organ lesion.

Written informed consent had been obtained, and the protocol 
was approved by the institution.

We divided these patients into two groups each one includes 
50  patients. One group received bemiparin 3500  IU 
subcutaneous (SC) once daily, and the other group received 
enoxaparin 40  mg SC once daily as a prophylaxis against 
thromboembolism.

Patients were followed up for 60  days after initiation 
of anticoagulant therapy for the development of DVT, 

pulmonary embolism and complications related to the injected 
anticoagulant. DVT was suspected if the patient had clinical 
symptoms of DVT and detected using bilateral lower limb 
venous duplex done twice weekly by the same radiologist 
over 60 days. The best evaluation of different lower extremities 
veins is obtained using different ultrasound techniques. The most 
commonly used method is the compression ultrasound which 
is used mainly for examining proximal deep veins, specifically 
the common femoral, femoral, and popliteal veins while the 
distal calf veins and the iliac veins are examined using duplex 
ultrasound and color Doppler.[12] Pulmonary embolism was 
detected clinically by hypotension, tachycardia, hypoxemia, 
and decreased end‑tidal carbon dioxide[13] and confirmed 
radiologically by the presence of a large or a partial central filling 
defect in computed tomography (CT) pulmonary angiography.[14] 
Participants were followed up daily for complications related 
to the injected anticoagulant including any ecchymosis or 
hematomas developed at the site of anticoagulant injection, the 
presence of major bleeding defined as decrease in hemoglobin 
levels by 2 g/L or more or requiring transfusion of 2 or more 
units of packed red cells or whole blood, the presence of minor 
bleeding defined as any bleeding other than major bleeding 
events, drop in the platelet count and the presence of allergic 
skin reactions or urticaria, If any of these complications was 
observed, the anticoagulant was immediately discontinued.

Statistical analysis
Data were collected, coded, tabulated, and then analyzed using 
Minitab® 16 computer software. Numerical variables were 
presented as a mean and standard deviation and then analyzed 
using Student’s t‑test. Categorical variables were presented 
as frequency and percentage and analyzed using Chi‑square 
test or Fisher’s exact test as appropriate. Any difference with 
the value of P < 0.05 was considered statistically significant

Sample size estimation revealed that at least 50 patients are 
needed in each group to detect at least 60% reduction in the 
proportion of confirmed DVT in a patient receiving bemiparin 
as compared to those receiving enoxaparin, assuming the later 
is about 37%[11] at a power of 0.8 and significance level of 0.05.

Results

No significant statistical differences were observed between 
both groups with respect to age, weight, height, gender, 
body mass index, and the underlying risk factors for VTE 
development [Table 1].

Documented DVT detected by bilateral lower limb venous 
duplex was observed more frequently in the enoxaparin group 
(ten patients [20%] compared with two patients (4%) in the 
bemiparin group) with P  <  0.05. Documented PE detected 
by CT pulmonary angiography was observed in seven 
patients (14%) in the enoxaparin group (six patients were from 
the ten patients with documented DVT) with no recorded cases 
of confirmed PE in the bemiparin group (P < 0.05). No deaths 
were reported at 60 days follow‑up for either group [Table 2]. 
A flow chart of the trial is illustrated in Figure 1.
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Concerning adverse effects and complications related to 
the injectant anticoagulant, ecchymosis or hematoma at the 

injected site was observed in 8 patients (16%) in the enoxaprin 
group compared with one patient  (2%) in the bemiparin 
group (P < 0.05) with no significant statistical difference as 
regards other adverse effects and complications related to the 
injectant anticoagulant [Table 3].

All patients were followed up for 60 days with no recorded 
loss of follow‑up for any participant.

Discussion

Critically ill patients in ICU possess multiple VTE risk factors 
as most of ICU patients are bedridden, sedated on mechanical 
ventilation with the hemodynamic instability that requires 
invasive procedures such as central venous line insertion 
to administer vasoactive medications to maintain the blood 
pressure and tissue perfusion. Such invasive procedures and 
vasoactive medications make them highly susceptible for 
venous thrombosis.[15,16] Underlying diseases causing the 
critical illness among ICU population also increase the risk for 
VTE such as acute myocardial infarction, stroke, and sepsis 
which acts through activation of the coagulation cascade.[17] 
From that, we conclude that the ICU population is always at 
high risk for VTE that will alert us to start them on prophylactic 
anticoagulation unless there is a strong contraindication. The 
earlier we start patients on prophylactic anticoagulation, 
the less the possibility for them to develop DVT with all its 
subsequent life‑threatening complications. Hence on ICU 
admission, all critical care patients should be immediately 
assessed for and prescribed VTE prophylaxis because it can 

Table 1: Patients demographic data and risk factors for 
venous thromboembolism

Bemiparin 
(n=50)

Enoxaparin 
(n=50)

P

Mean age (SD), years 72.5 (6.5) 70.9 (5.4) 0.184
Males, n (%) 30 (60) 32 (64) 0.837
Mean weight (SD), kg 77 (7.5) 78.2 (10.0) 0.499
Height (SD), cm 160 (7.7) 162 (7.9) 0.203
Body mass index (SD), kg m* 30.1 (3.9) 29.8 (5.7) 0.759
Respiratory failure, n (%) 10 (20) 8 (16) 0.795
Septic shock, n (%) 12 (24) 15 (30) 0.652
Cerebral stroke, n (%) 8 (16) 11 (22) 0.610
Traumatic brain injury, n (%) 6 (12) 8 (16) 0.773
Postarrest, n (%) 10 (20) 7 (14) 0.594
Malignancy, n (%) 2 (4) 1 (2) 1.000
Major burn, n (%) 2 (4) 0 0.475
*The body mass index is the weight in kilograms divided by the square of 
the height in meters. SD: Standard deviation

Table 2: Analysis of the efficacy endpoints

Bemiparin 
(n=50), n (%)

Enoxaparin 
(n=50), n (%)

P

Confirmed DVT 2 (4) 10 (20) 0.0312
Confirmed PE 0 7 (14) 0.019
Death 0 0 ‑
DVT: Deep venous thrombosis; PE: Pulmonary embolism

Figure 1: Flow chart of the trial
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significantly reduce VTE occurrence, complications, ICU stay 
and costs related to VTE treatment.

In this study, we compared enoxaparin, which is one of 
most common LMWH used in ICU, with bemiparin in the 
prophylaxis against VTE in critically ill high‑risk ICU patients 
with multiple comorbidities as to our knowledge, no study 
has compared the safety and efficacy of these drugs in this 
patient population. We found that bemiparin use was associated 
with less incidence of DVT and pulmonary embolism and 
less adverse local complications at the injection site such as 
hematomas and ecchymosis. This increase in local injection site 
reactions may be attributed to bemiparin’s higher factor Xa‑IIa 
ratio compared to enoxaparin,[9] with no significant difference 
as regards as thrombocytopenia and bleeding complications.

Few studies had compared both LMWH bemiparin and 
enoxaparin as thromboprophylaxis following surgeries. 
One study compared both LMWHs as postoperative 
thromboprophylaxis following vaginal and abdominal 
deliveries and found that bemiparin was as effective as 
enoxaparin with a lower incidence of symptomatic VTE and 
local side effects such as pain and ecchymosis compared 
with the enoxaparin group. There were no recorded cases of 
wound complications in the bemiparin group such as wound 
dehiscence, separation and hematoma compared with six 
recorded cases in the enoxaparin group.[10]

Another study was conducted on patients undergoing total 
knee replacement and compared both LMWH as regards 
efficacy and safety in postsurgical prevention of VTE. The 
study concluded that bemiparin given 6 h after surgery, was 
associated with a lower incidence of VTE (proximal DVT and 
PE) as compared with enoxaparin given 12 h before surgery. 
There was no significant difference between both groups as 
regards the safety parameters.[11]

High‑risk patients in the ICU should receive the appropriate 
dose of anticoagulation in order ensure full protection against 
VTE. One study conducted on cancer patients to check which is 
the optimal dosing of bemiparin as prophylaxis against VTE. It 
was found that bemiparin 3500 IU/day administered to patients 
at high risk of VTE fully prevented documented symptomatic 
VTE, whereas three high‑risk patients experienced a VTE event 
while receiving 2500 IU/day bemiparin dose, recommended 
for patients with a moderate risk of VTE. In addition, there 
was no significant difference between low and high bemiparin 
prophylactic doses as regards bleeding rates. Thus, all high‑risk 

patients for VTE should receive an only bemiparin dose of 
3500 IU/day to ensure full protection against VTE as no studies 
supporting the use of bemiparin 2500  IU in such group of 
high‑risk patients.[18]

Several studies demonstrated safety and efficacy of bemiparin, 
whereas cost analyses show the economic benefits of bemiparin 
treatment as compared to other heparins.[19]

The higher incidence of DVT and PE in patients treated with 
enoxaparin 40  mg SC once daily would indicate that the 
already known and commonly used enoxaparin prophylactic 
dosage (40 mg SC daily dose) may be inadequate to provide 
VTE prophylaxis.[20,21]

Limitations of this study included small sample size and single 
centered study which supports the need for a large randomized 
controlled trial.

Conclusion

Bemiparin was superior to enoxaparin as a prophylactic 
anticoagulant for VTE in critically ill patients with less adverse 
local complications at the injection site.
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