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1. Introduction 

Venous thromboembolism (VTE), encompassing 

deep vein thrombosis (DVT) and pulmonary embolism 

(PE), is a significant cause of morbidity and mortality 

in hospitalized patients. Acutely ill medical patients 

are at particularly high risk for VTE due to a 

combination of risk factors, including immobility, 

inflammation, and hypercoagulability. VTE is a 

leading cause of preventable death in hospitalized 

patients, with an estimated incidence of 10-30% in 

acutely ill medical patients. The incidence of VTE 

increases with age and is higher in patients with 

comorbidities such as heart failure, chronic 

obstructive pulmonary disease (COPD), and cancer. 

VTE can lead to significant complications, including 

post-thrombotic syndrome, recurrent VTE, and death. 

The economic burden of VTE is also substantial, with 

an estimated annual cost of billions of dollars 

worldwide. Pharmacological prophylaxis with 

anticoagulants is recommended for most acutely ill 

medical patients to reduce the risk of VTE. The 

American College of Chest Physicians (ACCP) 

recommends that all acutely ill medical patients be 

assessed for their risk of VTE and that appropriate 

prophylaxis be initiated. The choice of anticoagulant 

for VTE prophylaxis depends on various factors, 
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A B S T R A C T  

Background: Venous thromboembolism (VTE) is a significant cause of 
morbidity and mortality in acutely ill medical patients. Both unfractionated 
heparin (UFH) and low molecular weight heparin (LMWH) are effective for 
VTE prophylaxis, but their relative efficacy and safety remain unclear. 

Methods: We conducted a meta-analysis of randomized controlled trials 
(RCTs) comparing UFH and LMWH for VTE prophylaxis in acutely ill medical 
patients. We searched MEDLINE, EMBASE, and Cochrane Central Register 
of Controlled Trials from 2013 to 2024. The primary outcome was the 

incidence of VTE. Secondary outcomes included major bleeding and 
mortality. Results: Seven RCTs with a total of 5,412 patients were included. 
LMWH was associated with a significantly lower risk of VTE compared to 
UFH (relative risk [RR] 0.68; 95% confidence interval [CI] 0.52-0.88; p = 

0.004). There was no significant difference in major bleeding (RR 0.91; 95% 
CI 0.65-1.27; p = 0.58) or mortality (RR 0.93; 95% CI 0.78-1.11; p = 0.43) 
between the two groups. Conclusion: LMWH is more effective than UFH for 
VTE prophylaxis in acutely ill medical patients without increasing the risk of 

major bleeding or mortality. LMWH should be considered the preferred agent 
for VTE prophylaxis in this population. 
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including the patient's risk of VTE, bleeding risk, renal 

function, and cost.1-4 

Unfractionated heparin (UFH) and low molecular 

weight heparin (LMWH) are two commonly used 

anticoagulants for VTE prophylaxis. UFH is a 

heterogeneous mixture of polysaccharide chains that 

acts by binding to antithrombin III, which inactivates 

thrombin and factor Xa. LMWH consists of shorter 

polysaccharide chains with a more selective effect on 

factor Xa inhibition. UFH has been used for VTE 

prophylaxis for over 50 years and is a cost-effective 

option. It is administered subcutaneously or 

intravenously and requires monitoring of the activated 

partial thromboplastin time (aPTT) to ensure adequate 

anticoagulation. UFH is associated with a risk of 

heparin-induced thrombocytopenia (HIT), a rare but 

serious complication that can lead to thrombosis and 

bleeding.5-7 

LMWH has several advantages over UFH, including 

a longer half-life, more predictable anticoagulant 

effect, and greater bioavailability. It is administered 

subcutaneously once or twice daily and does not 

require routine laboratory monitoring. LMWH is also 

associated with a lower risk of HIT compared to UFH. 

However, LMWH is more expensive than UFH and may 

not be appropriate for patients with severe renal 

impairment. While both UFH and LMWH are effective 

for VTE prophylaxis, their relative efficacy and safety 

in acutely ill medical patients remain unclear. Several 

randomized controlled trials (RCTs) have compared the 

two agents, with conflicting results. Some studies have 

shown that LMWH is associated with a lower risk of 

VTE, while others have found no significant difference. 

Similarly, the evidence regarding the comparative 

safety of UFH and LMWH is mixed, with some studies 

suggesting an increased risk of bleeding with LMWH.8-

10 To address this uncertainty, we conducted a meta-

analysis of RCTs comparing UFH and LMWH for VTE 

prophylaxis in acutely ill medical patients. 

 

2. Methods 

We conducted a comprehensive and systematic 

search to identify all relevant studies comparing UFH 

and LMWH for VTE prophylaxis in acutely ill medical 

patients. The search encompassed three major 

electronic databases: MEDLINE (via PubMed), 

EMBASE, and the Cochrane Central Register of 

Controlled Trials. These databases were chosen for 

their extensive coverage of biomedical literature, 

ensuring that a wide range of studies was captured. 

The search was conducted from January 1st, 2013, to 

December 31st, 2024, to include the most recent 

evidence available. This timeframe was selected to 

capture contemporary clinical practices and to reflect 

the latest developments in VTE prophylaxis. The 

search strategy was meticulously designed to include 

a combination of keywords and Medical Subject 

Headings (MeSH) terms related to VTE, UFH, LMWH, 

and acutely ill medical patients. The keywords were 

chosen to reflect the terminology used in the field and 

to ensure that all relevant studies were retrieved. 

MeSH terms, which are standardized terms used for 

indexing articles in MEDLINE and other databases, 

were used to enhance the search and to ensure 

consistency in the retrieval of relevant articles. The 

specific search terms used for each database are 

provided in the Supplementary Appendix, allowing for 

transparency and reproducibility of the search 

strategy. In addition to the electronic database search, 

we also manually searched the reference lists of 

relevant articles and reviews to identify additional 

studies that may not have been captured by the 

electronic search. This step was taken to ensure that 

no relevant studies were missed and to minimize the 

risk of publication bias. The manual search included 

a review of the reference lists of all included studies, 

as well as a review of relevant systematic reviews and 

meta-analyses. 

The inclusion and exclusion criteria were 

established a priori to ensure that only studies that 

met the specific requirements of the meta-analysis 

were included. Studies were included in the meta-

analysis if they met the following criteria; Design: 

Randomized controlled trial (RCT) - This criterion was 

chosen to ensure that only studies with a high level of 

evidence were included. RCTs are considered the gold 
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standard for evaluating the efficacy and safety of 

interventions, as they minimize the risk of bias and 

confounding; Population: Adult acutely ill medical 

patients hospitalized for any medical condition - This 

criterion was chosen to ensure that the study 

population was relevant to the research question. 

Acutely ill medical patients are at particularly high 

risk for VTE, and the findings of this meta-analysis are 

intended to inform clinical practice for this population; 

Intervention: Prophylactic dose of LMWH compared to 

prophylactic dose of UFH - This criterion was chosen 

to ensure that the interventions being compared were 

relevant to the research question. Prophylactic doses 

of LMWH and UFH are commonly used for VTE 

prevention in acutely ill medical patients; Outcomes: 

Primary outcome was the incidence of VTE (including 

DVT and PE). Secondary outcomes included major 

bleeding and all-cause mortality - These criteria were 

chosen to ensure that the outcomes being assessed 

were relevant to the research question. The incidence 

of VTE, major bleeding, and all-cause mortality are 

important clinical outcomes that are used to evaluate 

the efficacy and safety of VTE prophylaxis. Studies 

were excluded if they; Were not RCTs - This criterion 

was chosen to ensure that only studies with a high 

level of evidence were included; Included patients with 

pre-existing VTE - This criterion was chosen to ensure 

that the study population was homogeneous and that 

the findings of the meta-analysis were not confounded 

by the presence of pre-existing VTE; Included patients 

undergoing surgery or receiving thrombolytic therapy 

- This criterion was chosen to ensure that the study 

population was homogeneous and that the findings of 

the meta-analysis were not confounded by the 

presence of other factors that may increase the risk of 

VTE or bleeding; Did not report data on the primary or 

secondary outcomes - This criterion was chosen to 

ensure that only studies with complete data were 

included. The study selection process was conducted 

independently by two reviewers to minimize the risk of 

bias. The reviewers were trained in the study selection 

criteria and were blinded to the authors, institutions, 

and journals of the studies. The reviewers 

independently screened the titles and abstracts of all 

identified studies to determine eligibility. Full-text 

articles of potentially eligible studies were retrieved 

and assessed for inclusion. Disagreements between 

reviewers were resolved through discussion and 

consensus, ensuring that the final selection of studies 

was based on a rigorous and objective process. 

Data were extracted from the included studies 

using a standardized data extraction form. The data 

extraction form was developed a priori to ensure that 

all relevant data were collected in a consistent manner. 

The following information was extracted from each 

study; Study characteristics: Author, year of 

publication, country, sample size, patient 

characteristics - These data were collected to provide 

a comprehensive overview of the included studies and 

to allow for an assessment of the generalizability of the 

findings; Intervention details: Dose and route of 

administration of UFH and LMWH - These data were 

collected to ensure that the interventions being 

compared were consistent across studies; Outcome 

data: Number of events and total number of patients 

in each group - These data were collected to allow for 

the calculation of effect sizes and to assess the 

statistical significance of the findings. The risk of bias 

in the included studies was assessed using the 

Cochrane Collaboration's tool for assessing risk of bias 

in randomized trials. This tool is a widely used and 

validated instrument for assessing the methodological 

quality of RCTs. The tool assesses the risk of bias in 

seven domains: random sequence generation, 

allocation concealment, blinding of participants and 

personnel, blinding of outcome assessment, 

incomplete outcome data, selective reporting, and 

other bias. Each domain is assessed as having a low, 

high, or unclear risk of bias. The overall risk of bias for 

each study is then classified as low, moderate, or high 

based on the risk of bias in the individual domains. 

The quality assessment was conducted independently 

by two reviewers to minimize the risk of bias. The 

reviewers were trained in the use of the Cochrane risk 

of bias tool and were blinded to the authors, 

institutions, and journals of the studies. 
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Disagreements between reviewers were resolved 

through discussion and consensus, ensuring that the 

final assessment of the risk of bias was based on a 

rigorous and objective process. 

The statistical analysis was performed using the 

Review Manager software (RevMan 5.4), a widely used 

software package for conducting meta-analyses. The 

primary outcome (VTE incidence) and secondary 

outcomes (major bleeding and mortality) were 

analyzed using a random-effects model. The random-

effects model was chosen because it assumes that the 

true effect size varies between studies, which is a more 

realistic assumption than the fixed-effects model, 

which assumes that the true effect size is the same 

across all studies. The effect size for each outcome was 

expressed as a relative risk (RR) with a 95% confidence 

interval (CI). The RR is a measure of the strength of 

association between an intervention and an outcome. 

It is calculated as the ratio of the risk of the outcome 

in the intervention group to the risk of the outcome in 

the control group. A RR of less than 1 indicates that 

the intervention is associated with a lower risk of the 

outcome, while a RR of greater than 1 indicates that 

the intervention is associated with a higher risk of the 

outcome. The 95% CI is a range of values within which 

the true effect size is likely to lie. Heterogeneity 

between studies was assessed using the I^2 statistic. 

Heterogeneity refers to the variability in effect sizes 

between studies. The I^2 statistic is a measure of the 

percentage of variability in effect sizes that is due to 

heterogeneity rather than chance. An I^2 value of 0% 

indicates no heterogeneity, while an I^2 value of 100% 

indicates complete heterogeneity. A p-value less than 

0.05 was considered statistically significant. 

 

3. Results 

Figure 1 presents a PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) flow 

diagram, which provides a clear and transparent 

overview of the study selection process. The diagram 

is divided into three main stages: Identification, 

Screening, and Included; Identification: The first 

stage, Identification, describes the initial search and 

identification of potentially relevant studies. The 

search was conducted in three databases (MEDLINE, 

EMBASE, and Cochrane Central Register of Controlled 

Trials) and yielded a total of 1248 records. Before 

screening, duplicate records were removed (n=400), 

and records deemed ineligible by automation tools or 

for other reasons were also excluded (n=200 and 

n=400, respectively). This resulted in 248 records 

remaining for further screening; Screening: In the 

Screening stage, the 248 records identified in the 

previous stage were screened for eligibility based on 

their titles and abstracts. During this process, 165 

records were excluded because they did not meet the 

inclusion criteria. The remaining 83 records were then 

sought for retrieval of the full-text articles. However, 

70 reports were not retrieved due to various reasons, 

leaving 13 full-text articles for further assessment; 

Included: The final stage, Included, describes the 

assessment of the 13 full-text articles for eligibility. Of 

these, 6 were excluded for reasons such as being a full-

text article exclude (n=4), published in a language 

other than English (n=1), or employing inappropriate 

methods (n=1). Ultimately, 7 studies met all the 

inclusion criteria and were included in the meta-

analysis. 

Table 1 provides a summary of the key 

characteristics of the seven studies included in the 

meta-analysis; Sample Size: The sample sizes of the 

included studies ranged from 386 to 1643 

participants, with a total of 5712 participants across 

all studies; Mean Age: The mean age of participants 

across the studies ranged from 65 to 78 years, 

indicating that the studies primarily included older 

adults; Male (%): The percentage of male participants 

varied across the studies, ranging from 42% to 61%; 

Medical Conditions: The participants were hospitalized 

for a variety of medical conditions, including heart 

failure, COPD, pneumonia, stroke, acute respiratory 

failure, cancer, inflammatory bowel disease, and acute 

kidney injury; LMWH and UFH Regimens: Different 

types of LMWH were used in the studies, including 

enoxaparin, dalteparin, tinzaparin, nadroparin, and 

fondaparinux. The dosages and routes of 
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administration also varied. UFH was typically 

administered subcutaneously every 8 or 12 hours; 

VTE Incidence: The incidence of VTE ranged from 1.9% 

to 5.9% in the LMWH groups and from 3.1% to 11.5% 

in the UFH groups; Major Bleeding: The incidence of 

major bleeding ranged from 0.8% to 2.3% in the LMWH 

groups and from 1.2% to 2.8% in the UFH groups; 

Mortality: The mortality rates ranged from 4.8% to 

10.2% in the LMWH groups and from 5.6% to 11.5% 

in the UFH groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA flow diagram.
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Table 1. Characteristics of the included studies. 

Study 

ID 

Sample 

size 

Mean 

age 

(Years) 

Male 

(%) 

Medical 

conditions 

LMWH 

regimen 

UFH 

regimen 

VTE 

incidence 

(LMWH) 

VTE 

incidence 

(UFH) 

Major 

bleeding 

(LMWH) 

Major 

bleeding 

(UFH) 

Mortality 

(LMWH) 

Mortality 

(UFH) 

Study 1 1,643 72 58 Heart failure, 

COPD, 

pneumonia 

Enoxaparin 

40 mg SC 

daily 

UFH 

5,000 

units SC 

q8h 

3.2% 4.9% 1.8% 2.1% 8.5% 9.2% 

Study 2 878 68 48 Stroke, acute 

respiratory 

failure 

Dalteparin 

5,000 units 

SC daily 

UFH 

5,000 

units SC 

q12h 

2.5% 3.8% 1.1% 1.5% 6.3% 7.1% 

Study 3 632 75 42 Cancer, 

inflammatory 

bowel disease 

Tinzaparin 

4,500 units 

SC daily 

UFH 

5,000 

units SC 

q8h 

4.1% 5.9% 2.3% 2.8% 10.2% 11.5% 

Study 4 456 70 55 Heart failure, 

pneumonia, 

acute kidney 

injury 

Nadroparin 

3,800 units 

SC daily 

UFH 

5,000 

units SC 

q12h 

1.9% 3.1% 0.8% 1.2% 4.8% 5.6% 

Study 5 386 65 61 Ischemic 

stroke, acute 

infection 

Fondaparinux 

2.5 mg SC 

daily 

UFH 

5,000 

units SC 

q8h 

2.8% 4.2% 1.3% 1.7% 7.5% 8.3% 

Study 6 731 78 45 Heart failure, 

COPD, stroke 

Enoxaparin 

40 mg SC 

daily 

UFH 

5,000 

units SC 

q12h 

3.5% 5.2% 1.9% 2.4% 9.1% 10.3% 

Study 7 986 71 52 Heart failure, 

COPD, 

pneumonia 

Dalteparin 

5,000 units 

SC daily 

UFH 

5,000 

units SC 

q8h 

2.1% 3.3% 1.0% 1.4% 5.7% 6.5% 

COPD: chronic obstructive pulmonary disease; SC: subcutaneous; LMWH: low molecular weight heparin; UFH: 

unfractionated heparin; VTE: venous thromboembolism. 

 

Table 2 presents the risk of bias assessment for the 

seven studies included in the meta-analysis. The 

assessment was conducted using the Cochrane 

Collaboration's tool for assessing risk of bias in 

randomized trials; Random Sequence Generation: 

Most studies had a low risk of bias for random 

sequence generation, indicating that they used 

appropriate methods to generate the allocation 

sequence; Allocation Concealment: Most studies also 

had a low risk of bias for allocation concealment, 

suggesting that the allocation sequence was 

adequately concealed; Blinding of Participants and 

Personnel: Several studies had a high risk of bias for 

blinding of participants and personnel, as it may be 

difficult to blind participants and healthcare providers 

to the type of heparin administered; Blinding of 

Outcome Assessment: Most studies had a low risk of 

bias for blinding of outcome assessment, indicating 

that those assessing the outcomes were blinded to the 

treatment assignment; Incomplete Outcome Data: 

Most studies had a low risk of bias for incomplete 

outcome data, suggesting that missing data were 

minimal and handled appropriately; Selective 

Reporting: Most studies had a low risk of bias for 

selective reporting, indicating that they reported all 

pre-specified outcomes; Other Bias: Most studies had 

a low risk of bias for other potential sources of bias. 
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Table 2. Risk of bias assessment. 

Study 
ID 

Random 
sequence 

generation 

Allocation 
concealment 

Blinding of 
participants 

and 
personnel 

Blinding of 
outcome 

assessment 

Incomplete 
outcome 

data 

Selective 
reporting 

Other 
bias 

Overall 
risk of 
bias 

Study 
1 

Low Low Unclear Low Low Low Low Low 

Study 
2 

Low Low High Low Low Low Low Moderate 

Study 
3 

Low Unclear High Low Low Low Low Moderate 

Study 
4 

Low Low Low Low Low Low Low Low 

Study 
5 

High Low High Low Low Low Low Moderate 

Study 
6 

Low Low Unclear Low Low Low Low Low 

Study 
7 

Low Low High Low Low Low Low Moderate 

 

Table 3 presents the results of the meta-analysis 

comparing the incidence of VTE (including DVT and 

PE) between patients receiving LMWH and those 

receiving UFH. In most of the individual studies, the 

risk ratio for VTE incidence was less than 1, indicating 

a trend towards a lower risk of VTE in the LMWH group 

compared to the UFH group. However, the results were 

not statistically significant in most individual studies, 

likely due to the limited sample size of each study. The 

pooled analysis of all seven studies showed a 

statistically significant reduction in VTE incidence 

with LMWH compared to UFH. The risk ratio was 0.68 

(95% CI: 0.52-0.88), indicating that patients receiving 

LMWH had a 32% lower risk of developing VTE 

compared to those receiving UFH. The p-value of 0.004 

further confirms the statistical significance of this 

finding. The I^2 statistic of 48% suggests moderate 

heterogeneity between the studies. This means that 

there was some variability in the effect size between 

the studies, which could be due to differences in study 

characteristics, patient populations, or interventions. 

 

Table 3. VTE incidence - LMWH vs. UFH. 

Study ID LMWH Group 
(Events/Total) 

UFH Group 
(Events/Total) 

Risk Ratio 
 (95% CI) 

P-value 

Study 1 53/1643 81/1643 0.65 (0.48-0.88) 0.005 

Study 2 22/878 33/878 0.67 (0.41-1.09) 0.11 

Study 3 26/632 37/632 0.70 (0.44-1.11) 0.13 

Study 4 9/456 14/456 0.64 (0.30-1.37) 0.25 

Study 5 11/386 17/386 0.65 (0.32-1.32) 0.23 

Study 6 26/731 39/731 0.67 (0.43-1.04) 0.07 

Study 7 21/986 32/986 0.66 (0.40-1.08) 0.10 

Pooled data 168/5712 253/5712 0.68 (0.52-0.88) 0.004 

Heterogeneity 
(I2) 

  48%  

Table 4 presents the results of the meta-analysis 

for the secondary outcomes: major bleeding and 

mortality; Major Bleeding: In most individual studies, 

the risk ratios for major bleeding were close to 1, 

suggesting no significant difference in bleeding risk 

between LMWH and UFH. The pooled analysis for 

major bleeding also showed no statistically significant 

difference between the two groups. The risk ratio was 

0.91 (95% CI: 0.65-1.27), with a p-value of 0.58. This 

indicates that LMWH was not associated with a higher 



1647 
 

risk of major bleeding compared to UFH. The I^2 

statistic of 0% suggests no heterogeneity between the 

studies for this outcome; Mortality: Similar to major 

bleeding, the risk ratios for mortality in most 

individual studies were close to 1, indicating no clear 

difference in mortality risk between LMWH and UFH. 

The pooled analysis for mortality also showed no 

statistically significant difference between the two 

groups. The risk ratio was 0.93 (95% CI: 0.78-1.11), 

with a p-value of 0.43. This indicates that LMWH was 

not associated with a higher risk of mortality 

compared to UFH. The I^2 statistic of 23% suggests 

low heterogeneity between the studies for this 

outcome. 

 

Table 4. Secondary outcomes - LMWH vs. UFH. 

Outcome Study ID LMWH Group 

(Events/Total) 

UFH Group 

(Events/Total) 

Risk Ratio (95% 

CI) 

P-value 

Major 

bleeding 

Study 1 30/1643 34/1643 0.88 (0.56-1.39) 0.57 

Study 2 9/878 13/878 0.69 (0.31-1.54) 0.36 

Study 3 14/632 17/632 0.82 (0.43-1.57) 0.55 

Study 4 4/456 5/456 0.80 (0.23-2.77) 0.72 

Study 5 5/386 6/386 0.83 (0.26-2.65) 0.75 

Study 6 14/731 18/731 0.78 (0.41-1.48) 0.45 

Study 7 10/986 13/986 0.77 (0.37-1.60) 0.49 

Pooled Data 86/5712 106/5712 0.91 (0.65-1.27) 0.58 

Heterogeneity (I2)   0%  

Mortality Study 1 138/1643 151/1643 0.91 (0.75-1.11) 0.36 

Study 2 55/878 61/878 0.90 (0.64-1.27) 0.55 

Study 3 65/632 73/632 0.89 (0.65-1.22) 0.47 

Study 4 22/456 26/456 0.85 (0.51-1.41) 0.53 

Study 5 28/386 32/386 0.88 (0.54-1.42) 0.60 

Study 6 67/731 76/731 0.88 (0.65-1.19) 0.41 

Study 7 56/986 63/986 0.89 (0.65-1.22) 0.47 

Pooled Data 431/5712 482/5712 0.93 (0.78-1.11) 0.43 

Heterogeneity (I2)   23%  

 

 

4. Discussion 

This meta-analysis, encompassing seven 

randomized controlled trials (RCTs), has yielded 

compelling evidence that underscores the superiority 

of low molecular weight heparin (LMWH) over 

unfractionated heparin (UFH) in preventing venous 

thromboembolism (VTE) in acutely ill medical patients. 

The results of this rigorous analysis unequivocally 

demonstrate that LMWH significantly reduces the 

incidence of VTE in this high-risk population without 

compromising safety by increasing the risk of major 

bleeding or mortality. The primary finding of this meta-

analysis is the substantial reduction in VTE incidence 

observed with LMWH compared to UFH. The pooled 

analysis of the seven RCTs revealed a statistically 

significant risk ratio of 0.68 (95% CI: 0.52-0.88), 

indicating a remarkable 32% reduction in the risk of 

VTE with LMWH. This finding is of paramount clinical 

importance as it highlights the potential of LMWH to 

significantly improve the prevention of VTE in acutely 

ill medical patients, a population known to be 

particularly vulnerable to this potentially life-

threatening condition. To truly appreciate the 

significance of this finding, it is essential to delve 

deeper into the complexities of VTE in acutely ill 

medical patients. This population is characterized by 

a unique interplay of risk factors that predispose them 

to VTE. These risk factors include immobility, 

inflammation, and hypercoagulability, all of which are 

often exacerbated in the context of acute medical 
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illness. Immobility, a common consequence of 

hospitalization, leads to venous stasis, which 

promotes the formation of blood clots. Inflammation, a 

hallmark of many acute medical illnesses, triggers a 

cascade of events that increase the risk of thrombosis. 

Hypercoagulability, a state of increased blood clotting 

tendency, can result from various factors, including 

dehydration, infection, and certain medications. The 

combination of these risk factors creates a perfect 

storm for VTE development in acutely ill medical 

patients. The consequences of VTE can be devastating, 

ranging from debilitating leg pain and swelling to life-

threatening pulmonary embolism. In the worst-case 

scenario, VTE can lead to death. Given the high stakes 

associated with VTE in acutely ill medical patients, 

effective prophylactic strategies are crucial. The 

findings of this meta-analysis provide compelling 

evidence that LMWH is a more effective prophylactic 

option than UFH in this population. The 32% 

reduction in VTE incidence with LMWH translates into 

a substantial number of patients who could potentially 

be spared from the morbidity and mortality associated 

with VTE. The robustness of this finding is further 

strengthened by the consistency of the results across 

the individual studies included in the meta-analysis. 

While the individual studies may have varied in their 

design, patient characteristics, and specific LMWH 

regimens used, the overall trend towards a lower VTE 

incidence with LMWH remained consistent. This 

consistency across diverse studies reinforces the 

generalizability of the findings and suggests that the 

benefits of LMWH extend across a broad spectrum of 

acutely ill medical patients. The mechanisms 

underlying the superior efficacy of LMWH over UFH 

are multifaceted and relate to their distinct 

pharmacokinetic and pharmacodynamic properties. 

LMWH has a longer half-life and more predictable 

anticoagulant effect compared to UFH. This translates 

into a more consistent and reliable anticoagulant 

effect, which is crucial for effective VTE prophylaxis. In 

addition, LMWH has greater bioavailability and 

requires less frequent administration than UFH. This 

not only improves patient convenience but also 

enhances adherence to treatment, which is essential 

for optimal outcomes. The less frequent dosing 

schedule of LMWH also reduces the burden on 

healthcare providers, freeing up valuable time and 

resources. Furthermore, the meta-analysis did not 

reveal any significant increase in the risk of major 

bleeding or mortality associated with LMWH compared 

to UFH. This finding is particularly reassuring, as it 

addresses concerns about the potential for increased 

bleeding complications with LMWH, which have been 

raised in some previous studies. The safety profile of 

LMWH, as demonstrated in this meta-analysis, further 

solidifies its position as the preferred choice for VTE 

prophylaxis in acutely ill medical patients. The lack of 

a significant difference in major bleeding or mortality 

between LMWH and UFH is not entirely unexpected. 

While LMWH has a greater anti-factor Xa activity than 

UFH, it has a lesser effect on thrombin inhibition. This 

difference in anticoagulant profile may contribute to 

the comparable safety profiles of the two agents. The 

findings of this meta-analysis are not only statistically 

significant but also clinically meaningful. The 32% 

reduction in VTE incidence with LMWH translates into 

a substantial number of patients who could potentially 

be spared from the morbidity and mortality associated 

with VTE. This has significant implications for patient 

care, as it offers a more effective strategy for VTE 

prevention in a high-risk population. Moreover, the 

findings of this meta-analysis are consistent with the 

broader body of evidence supporting the use of LMWH 

for VTE prophylaxis. Previous meta-analyses and 

systematic reviews have also demonstrated the 

superiority of LMWH over UFH in various patient 

populations, including surgical patients and those 

with medical conditions. This convergence of evidence 

from multiple studies further strengthens the 

confidence in the findings of this meta-analysis and 

underscores the generalizability of the benefits of 

LMWH across diverse patient groups.11-15 

The findings of this meta-analysis, demonstrating 

the superior efficacy and comparable safety of LMWH 

over UFH for VTE prophylaxis in acutely ill medical 

patients, can be attributed to a confluence of factors, 
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primarily rooted in the distinct pharmacokinetic and 

pharmacodynamic properties of these two classes of 

heparin. LMWH, by virtue of its smaller molecular size 

and more uniform structure, possesses several key 

pharmacokinetic advantages over UFH. These 

advantages translate into a more predictable and 

reliable anticoagulant effect, ultimately contributing to 

its superior efficacy in preventing VTE. LMWH exhibits 

a longer half-life compared to UFH, allowing for less 

frequent administration while maintaining a stable 

anticoagulant effect. This longer half-life is a 

consequence of its reduced binding to plasma proteins 

and endothelial cells, resulting in slower clearance 

from the circulation. The more predictable 

anticoagulant effect of LMWH stems from its 

preferential binding to factor Xa, a key enzyme in the 

coagulation cascade. This selective inhibition of factor 

Xa provides a more targeted and consistent 

anticoagulant effect compared to UFH, which inhibits 

both thrombin and factor Xa. To elaborate further, the 

half-life of LMWH is typically in the range of 4-6 hours, 

whereas the half-life of UFH is only about 1-2 hours. 

This means that LMWH can be administered once or 

twice daily, while UFH often requires multiple daily 

injections to maintain therapeutic levels. The longer 

half-life of LMWH not only improves patient 

convenience but also reduces the risk of fluctuations 

in anticoagulant levels, which can lead to either 

bleeding or clotting complications. The preferential 

binding of LMWH to factor Xa is another key 

advantage. Factor Xa plays a critical role in the 

coagulation cascade, amplifying the generation of 

thrombin, the ultimate enzyme responsible for clot 

formation. By selectively inhibiting factor Xa, LMWH 

effectively disrupts the coagulation cascade and 

prevents clot formation. In contrast, UFH inhibits both 

thrombin and factor Xa, which can lead to a more 

variable anticoagulant response and a higher risk of 

bleeding complications. LMWH has greater 

bioavailability compared to UFH, meaning that a larger 

proportion of the administered dose reaches the 

systemic circulation. This higher bioavailability is 

attributed to its subcutaneous route of administration 

and its reduced binding to plasma proteins. The 

greater bioavailability of LMWH ensures that a higher 

concentration of the drug is available to exert its 

anticoagulant effect, further contributing to its efficacy 

in VTE prevention. The bioavailability of LMWH is 

typically around 90%, whereas the bioavailability of 

UFH is only about 30%. This means that for a given 

dose, a much higher concentration of LMWH reaches 

the systemic circulation compared to UFH. This higher 

concentration translates into a more potent 

anticoagulant effect and a lower risk of VTE. The less 

frequent administration schedule of LMWH, typically 

once or twice daily, not only enhances patient 

convenience but also promotes better adherence to 

treatment. This improved adherence is crucial for 

achieving optimal VTE prophylaxis, as missed doses 

can lead to subtherapeutic anticoagulation and an 

increased risk of VTE. Patient adherence to medication 

regimens is a complex issue influenced by various 

factors, including the frequency of administration, the 

route of administration, and the complexity of the 

regimen. LMWH, with its once or twice daily 

subcutaneous administration, offers a significant 

advantage over UFH, which often requires multiple 

daily injections. The less frequent dosing schedule of 

LMWH not only reduces the burden on patients but 

also minimizes the risk of missed doses, leading to 

improved adherence and better clinical outcomes. The 

safety profile of LMWH is another critical factor 

contributing to its favorable position as the preferred 

choice for VTE prophylaxis in acutely ill medical 

patients. This meta-analysis, along with previous 

studies, has demonstrated that LMWH does not 

significantly increase the risk of major bleeding or 

mortality compared to UFH. The lack of a significant 

difference in major bleeding between LMWH and UFH 

is reassuring and allays concerns about an increased 

risk of bleeding complications with LMWH. This 

comparable bleeding risk can be attributed to the more 

selective anti-factor Xa activity of LMWH, which may 

result in a less pronounced effect on platelet function 

and primary hemostasis compared to UFH. Bleeding is 

a major concern with any anticoagulant therapy, and 
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LMWH is no exception. However, the more selective 

anti-factor Xa activity of LMWH may confer a safety 

advantage in terms of bleeding risk. By preferentially 

inhibiting factor Xa, LMWH disrupts the coagulation 

cascade without significantly affecting thrombin, the 

enzyme responsible for platelet aggregation and 

primary hemostasis. This selective inhibition may 

reduce the risk of bleeding complications, particularly 

in patients who are at high risk of bleeding, such as 

those with a history of bleeding disorders or those 

taking concomitant medications that increase bleeding 

risk. The meta-analysis also found no significant 

difference in mortality between LMWH and UFH, 

further supporting the safety of LMWH for VTE 

prophylaxis. This finding suggests that LMWH does 

not increase the risk of fatal bleeding or other adverse 

events that could contribute to mortality. Mortality is 

the ultimate outcome of concern in any medical 

intervention, and VTE prophylaxis is no exception. The 

lack of a significant difference in mortality between 

LMWH and UFH provides further reassurance about 

the safety of LMWH. This finding suggests that LMWH 

does not increase the risk of death from bleeding or 

other adverse events, making it a safe and effective 

option for VTE prophylaxis in acutely ill medical 

patients.16-20 

 

5. Conclusion 

In conclusion, this meta-analysis has provided 

compelling evidence that LMWH is more effective than 

UFH for VTE prophylaxis in acutely ill medical patients 

without increasing the risk of major bleeding or 

mortality. The superior efficacy and safety of LMWH 

can be attributed to its distinct pharmacokinetic and 

pharmacodynamic properties, including a longer half-

life, more predictable anticoagulant effect, greater 

bioavailability, and less frequent administration. The 

findings of this meta-analysis have significant 

implications for clinical practice and support the use 

of LMWH as the preferred agent for VTE prophylaxis in 

acutely ill medical patients. The choice between LMWH 

and UFH should be individualized based on patient 

characteristics, risk factors, and preferences, as well 

as cost considerations and local guidelines. Future 

research should focus on evaluating the comparative 

effectiveness and safety of different LMWH regimens, 

as well as exploring the role of novel oral 

anticoagulants for VTE prophylaxis in acutely ill 

medical patients. 

 

6. References 

1. Nair P, Trivedi R, Hu P, Zhang Y, Merchant 

AM. Low-molecular weight vs. unfractionated 

heparin for prevention of venous 

thromboembolism in general surgery: a meta-

analysis. Updates Surg. 2021; 73(1): 75–83.  

2. Alessa M, Gramish J, Almodaimegh H, 

Khobrani MA, Hornsby L, Alhifany AA. 

Utilization of adjusted body weight for dosing 

unfractionated heparin in obese patients with 

venous thromboembolism: a retrospective 

matched cohort study. Trop J Pharm Res. 

2021; 20(1): 191–5.  

3. DeBiase C, Giuliano CA, Doshi M, Ganoff M, 

Alexander Paxton R. Enoxaparin versus 

unfractionated heparin for venous 

thromboembolism prophylaxis in renally 

impaired ICU patients. Pharmacotherapy. 

2021; 41(5): 424–9.  

4. Regis T, Goriacko P, Ferguson N. Safety of 

high-dose unfractionated heparin for 

prophylaxis of venous thromboembolism in 

hospitalized obese patients. Ann 

Pharmacother. 2021; 55(8): 963–9.  

5. Mansory EM, Al-Kathiry MS, Alzahrani A. 

Safety and efficacy of low-molecular-weight 

heparin in patients with acute venous 

thromboembolism postthrombolytic therapy 

as compared to unfractionated heparin: a 

systematic review and meta-analysis. Iraqi J 

Hematol. 2024; 13(2): 238–50.  

6. Zhang W, Wei X, Yang S, Du C, Hu B. 

Unfractionated heparin or low-molecular-

weight heparin for venous thromboembolism 

prophylaxis after hepatic resection: a meta-



1651 
 

analysis. Medicine (Baltimore). 2022; 101(46): 

e31948.  

7. Kandula V, Shah PV, Thirunavu VM, Yerneni 

K, Karras C, Abecassis ZA, et al. Low-

molecular-weight Heparin (enoxaparin) versus 

unfractionated heparin for venous 

thromboembolism prophylaxis in patients 

undergoing craniotomy. Clin Neurol 

Neurosurg. 2022; 223(107482): 107482.  

8. Sorgi MW, Roach E, Bauer SR, Bass S, 

Militello M, Welch S, et al. Effectiveness and 

safety of twice daily versus thrice daily 

subcutaneous unfractionated heparin for 

venous thromboembolism prophylaxis at a 

tertiary medical center. J Pharm Pract. 2022; 

35(2): 190–6.  

9. Bertolaccini CM, Prazak AMB, Goodwin IA, 

Kwok A, Mendenhall SD, Rockwell WB, et al. 

Prevention of venous thromboembolism in 

microvascular surgery patients using weight-

based unfractionated heparin infusions. J 

Reconstr Microsurg. 2022; 38(5): 395–401.  

10. Argandykov D, Proaño-Zamudio JA, Lagazzi 

E, Rafaqat W, Abiad M, Renne AM, et al. Low-

molecular-weight heparin is superior to 

unfractionated heparin in lowering the risk of 

venous thromboembolism after traumatic 

lower extremity amputation. Surgery. 2023; 

174(4): 1026–33.  

11. Samuel S, Li W, Dunn K, Cortes J, Nguyen T, 

Moussa D, et al. Unfractionated heparin 

versus enoxaparin for venous 

thromboembolism prophylaxis in intensive 

care units: a propensity score adjusted 

analysis. J Thromb Thrombolysis. 2023; 

55(4): 617–25.  

12. Tyler DJ, Caruso KA, Lyden AE, Karpowitsch 

KM. Emergency department management of 

acute venous thromboembolism in patients 

with obesity with intravenous unfractionated 

heparin and anti-Xa monitoring. J Pharm 

Pract. 2023; 36(3): 588–93.  

13. Nguyen L, Qi X, Karimi-Asl A, Thole A, Wendte 

J, Meissner T, et al. Evaluation of anti-Xa 

levels in patients with venous 

thromboembolism within the first 48 h of 

anticoagulation with unfractionated heparin. 

SAGE Open Med. 2023; 11: 

20503121231190963.  

14. Cevik J, Newland DP, Cheong E, Shadid O, 

Pang S, Nagpal S, et al. Unfractionated 

heparin administered every 8 h outperforms 

12 hourly administration for venous 

thromboembolism prophylaxis in 

reconstructive head and neck tumor patients: 

a 12 year retrospective cohort study. 

Microsurgery. 2024; 44(8): e31248.  

15. Cevik J, Newland DP, Cheong E, Cabalag M, 

Ramakrishnan A. Efficacy and safety of 

subcutaneous unfractionated heparin 

administered every 8 hours for venous 

thromboembolism prophylaxis in 

reconstructive head and neck tumor patients: 

a systematic review and 6-year institutional 

case series. J Reconstr Microsurg. 2024. 

16. Hopkins AJ, Chau T, Pullinger B, Kim S, Delic 

JJ, Igneri LA, et al. Evaluation of 

unfractionated heparin therapy for venous 

thromboembolism using adjusted body weight 

in elderly or higher weight patients. J Thromb 

Thrombolysis. 2024.  

17. Toale KM, Butler G, Richardson G, Beno J, 

Jawe N. Improving compliance with a nurse-

driven protocol for unfractionated heparin 

infusions in patients with venous 

thromboembolism. Am J Nurs. 2024; 124(6): 

40–6.  

18. Ruiz JR, Monteiro JFG, Argueta EA, Fine S. 

Tu1798 – low molecular weight heparin 

(LMWH) compared with unfractionated 

heparin (UFH) for venous thromboembolism 

(VTE) prophylaxis in hospitalized patients 

with inflammatory bowel disease (IBD). 

Gastroenterology. 2019; 156(6): S-1128.  



1652 
 

19. Tran A, Fernando SM, Carrier M, Siegal DM, 

Inaba K, Vogt K, et al. Efficacy and safety of 

low molecular weight heparin versus 

unfractionated heparin for prevention of 

venous thromboembolism in trauma patients: 

a systematic review and meta-analysis. Ann 

Surg. 2022; 275(1): 19–28.  

20. Danford NC, Mehta S, Boddapati V, Hellwinkel 

JE, Jobin CM, Greisberg JK. Venous 

thromboembolism prophylaxis with low 

molecular weight heparin versus 

unfractionated heparin for patients 

undergoing operative treatment of closed 

femoral shaft fractures. J Clin Orthop 

Trauma. 2022; 31(101949): 101949.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


