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Abstract
To assess the association between low-molecular weight heparin (LMWH) and unfractionated heparin (UFH) in the preven-
tion of venous thromboembolism (VTE) among participants undergoing general surgery. LMWH and UFH are the standard of 
practice in the prevention of VTE in surgery. However, in the context of general surgery, studies comparing the effectiveness 
of these treatments are limited. A systematic search was conducted to find studies which examined the comparative effective-
ness between LMWH and UFH in the prophylaxis of VTE in the context of general surgery. The number of events of VTE 
in groups receiving LMWH or UFH was the primary outcome of interest, and was used to calculate odds-ratios. Amongst 
33,068 participants pooled from twelve studies, the rate of VTE was 1.3% in those treated with LMWH, and 3.1% in those 
treated with UFH. Although there was a wide difference in rates due to clinical heterogeneity, there was no statistically sig-
nificant difference between treatment effects [OR 0.77; 95% CI 0.58–1.03; p value = 0.0783; I2= 62.3%; 12 studies]. In terms 
of the sensitivity analysis, sources overly contributing to heterogeneity were removed. The random-effects model continued 
to show insignificance between LMWH and UFH in the prevention of VTE in participants undergoing general surgery [OR 
0.86; 95% CI 0.69–1.08; p value = 0.2005; I2= 0%; 9 studies]. Results show an equal effectiveness in the prevention of VTE 
between participants undergoing general surgery in those allocated to receive LMWH to those allocated to receive UFH.

Keywords General surgery · Hemorrhage/chemically induced · Heparin/adverse effects · Postoperative complications/
epidemiology · Thromboembolism

Introduction

Venous thromboembolism (VTE), defined as deep vein 
thrombosis (DVT), pulmonary embolism (PE), or both, is 
a frequent postoperative complication and the fifth most 
common reason for unplanned hospital readmissions after 
surgery [1]. Additionally, VTE treatment poses a significant 

economic burden—estimated healthcare cost associated with 
hospital-acquired VTE in 2011 was $9.0–$18.2 billion [2]. 
Although differing guidelines exist, the historical standard 
of care for VTE prophylaxis is administration of a short act-
ing anticoagulant such as unfractionated heparin (UFH) or 
low-molecular weight heparin (LMWH), in conjunction with 
further pharmacological and non-pharmacological therapy 
[3, 4].

While extensive studies have compared the effectiveness 
of LMWH vs. UFH for VTE prophylaxis in the setting of 
orthopedic or trauma surgeries [5–7], such studies in the 
context of general abdominal surgery are limited. This gap in 
knowledge is important, as it is well established that patients 
undergoing general surgery are at relatively high risk for 
VTE [8–10]. In a cohort of 1,295,291 patients, Cramer et al. 
[11] found the overall 30-day rate of VTE was 1.2% for gen-
eral surgery, 0.7% for plastic surgery, and 0.5% for otolar-
yngology. Similarly, Agnelli et al. [12] found in a cohort 
of 2373 patients that overall rates of VTE were 2.83% in 
general surgery, 2.0% in gynecological surgery, and 0.87% 
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in urological surgery. This emphasizes the importance of 
establishing best practices in VTE prophylaxis for general 
abdominal surgery.

Presently, two advantages in using LMWH over UFH are 
more predictable pharmacokinetics and reduced overall cost. 
Generally, LMWH may be given once a day, whereas UFH 
require two to three administrations. Even though the cost 
of acquisition of LMWH is greater than that of UFH, that 
difference is offset by improved outcomes, fewer instances of 
hemorrhage and heparin-induced thrombocytopenia (HIT), 
and less need for anticoagulant monitoring [13]. Further-
more, different formulations of biosimilar LMWH have 
improved availability.

However, given the relatively high risk of VTE in general 
surgeries, as well as the growing prevalence of emergency 
general surgery (EGS) operations, it is increasingly impor-
tant to understand available data regarding VTE prophylaxis. 
This study thus aims to provide a contemporary examina-
tion of the differences between LMWH vs. UFH for VTE 
prophylaxis exclusively in general surgery, to guide clinical 
decision making and improve patient outcomes.

Methods

Inclusion and exclusion criteria

The initial search consisted of all study types which assessed 
the comparative effectiveness of LMWH and UFH in the 
prophylaxis of VTE. Studies of all languages were included. 
All studies consisted of patients over the age of 18. Stud-
ies that researched these interventions out of the context 
of general surgery, were excluded. In addition, studies that 
contained pregnant participants were excluded.

Search strategy

The PRISMA guideline [14] was followed in conducting 
and reporting this systematic review and meta-analysis. 
The review protocol was not registered in a repository. This 
meta-analysis project includes primary research studies of 
populations relevant to the study topic, relevant interven-
tions, i.e., unfractionated heparin and low-molecular weight 
heparin, and relevant outcomes, i.e., prevention of venous 
thromboembolisms following surgical procedures.

Databases such as PubMed, The Cochrane Library, 
CINAHL, SCOPUS, and Web of Science were comprehen-
sively searched from the date of database inception to Sep-
tember 2019. EMBASE was not searched due to the lack of 
access to the database. A separate search was also performed 
in ClinicalTrials.gov for grey literature. The final search 
strategy is featured in the Supplemental Online Resource 1.

Search results were limited to comparative study as pub-
lication type. No other filters were applied in the searches. 
Similar search terms and strategies were used to search the 
other included databases. All search results were exported to 
an EndNote library. Duplicate references were removed via 
the EndNote built-in function as well as manually. Custom 
columns for Reviewer 1 and Reviewer 2 were created in 
the EndNote library for the two subject experts to perform 
screening before the EndNote library was shared with them. 
The numbers of results searched, screened, and included for 
final review and analysis were all displayed in the study flow 
diagram (see Supplemental Online Resource 2).

Outcomes

The primary outcome of interest was the event of VTE. Of 
the twelve studies included in the meta-analysis, eight stud-
ies [15–22] used a fibrinogen uptake test (FUT) for outcome 
assessment. Three studies [23–25] used venography and one 
study [26] did not report their testing method. All studies 
using an FUT for outcome assessment conducted the test 
daily for every participant regardless of symptoms. Of the 
three studies using venography, the Kakkar et al. study con-
ducted an ascending venography when sings of deep vein 
thrombosis developed. The Mcleod et al. study conducted a 
bilateral contrast venography routinely between postopera-
tive days 5 and 9. And the Leizorovicz et al. study conducted 
a phlebogram only on participants who returned a positive 
FUT. Major bleeding and deaths were secondary and ter-
tiary outcomes of interest, respectively. Ten studies [15–18, 
20, 22–26] reported major bleeding as an outcome and five 
studies [15, 17, 20, 21, 23] reported deaths as an outcome. 
Heparin induced thrombocytopenia (HIT) was a quaternary 
outcome of interest. Four studies [19–21, 25] reported HIT 
as an outcome.

Data abstraction and quality assessment

Data were extracted manually. Paired investigators reviewed 
the extracted data and disagreements were resolved with 
mutual consensus. The risk of bias for each study was inves-
tigated independently by two reviewers. Studies that were 
randomized and double-blinded were considered as having 
a low risk of bias.

Data synthesis and analysis

Statistical code for the analysis is included in Supplemental 
Online Resource 3. Odds-ratios (OR) with 95% confidence 
intervals, were used to quantify the association between 
prophylaxis of VTE in LMWH vs. UFH in each study. A 
random-effects model was used to estimate pooled effect 
sizes. An I2 statistic was used to assess heterogeneity, with 
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an I2 value of > 50% signaling high heterogeneity. The sig-
nificance level was set at 0.05. A forest plot was fit to visual-
ize the results of the meta-analysis. In addition, an inverted 
funnel plot was fit to study potential publication bias (Sup-
plemental Online Resource 3: Section 1.1).

Influence analysis was then conducted to study poten-
tial outliers. This analysis was based on the leave-one-out 
method, where the results of the meta-analysis are repeat-
edly calculated, each time leaving out one study. This way 
studies that over exert their influence on the heterogeneity 
of the meta-analysis can be easily detected. Outlying stud-
ies were detected using the DFFITS value, Cook’s distance, 
and covariance ratios [27] (Supplemental Online Resource 
3: Section 1.2).

To validate the findings, sensitivity analysis was con-
ducted independent of the influence analysis. A Graphic 
Display of Heterogeneity (GOSH) plot was used to study 
effect-size heterogeneity patterns in the data [28] (Supple-
mental Online Resource 3: Section 1.3). Clustering algo-
rithms were used to study sub clusters in the GOSH plot to 
understand which studies were causing cluster imbalance. 
The algorithms employed were a k-means, Density-based 
spatial clustering of applications with noise (DBSCAN), and 
a Gaussian Mixture Model (Supplemental Online Resource 
3: Section 1.4). The three algorithms independently reported 
the potential outlying studies. A random-effects model, 
with its respective forest plot, was then fit with the outly-
ing studies excluded (Supplemental Online Resource 3: 
Section 1.5). In addition, random-effects models were fit 
to estimate pooled effect sizes for the outcomes of major 
bleeding, death, and HIT (Supplemental Online Resource 3: 
Section 1.6). All analysis was conducted using R software, 
and R packages, ‘meta’, ‘dmetar’, and ‘metafor’.

Results

Study characteristics

The main characteristics of the included studies are sum-
marized in Table 1. Additional study characteristics includ-
ing surgery types, treatment strategies, and average duration 
of surgery is reported in supplemental Online Resource 5. 
Twelve studies examining the comparative effectiveness of 
LMWH vs. UFH in the prevention of post-surgical throm-
boembolic events, exclusively in general surgery, were 
included in the meta-analysis. Of the twelve included stud-
ies, ten studies were randomized controlled trials (RCT). 
Of these, five studies [17–19, 24, 25], were randomized and 
double-blinded and another five studies [15, 16, 20, 21, 23], 
were randomized but not double-blinded. The two remain-
ing studies [22, 26] were neither randomized, nor double-
blinded. In addition, nine [15, 16, 18, 20–24, 26], of the 

twelve studies include a detailed description of the types 
of surgeries performed in the RCT. Treatment strategy was 
consistent across the studies, with all twelve studies start-
ing treatment one to 4 h, typically 2 h, before surgery. All 
studies continued treatment up until at least the 5th post-
operative day, typically continuing up until the 7th day or 
until the participant is fully mobile. Furthermore, five [15, 
17, 20–22] out of 12 studies reported duration of surgery. 
The pooled average duration of surgery in both groups was 
approximately 128 min (Supplemental Online Resource 5).

As a result of the inclusion of two studies, the Birkmeyer 
et al. study [26] and the European Fraxiparin Study (EFS) 
Group study [15], the I2 statistic, used to test heterogeneity 
of treatment effect, increased from 14.3 to 62.3%. The two 
studies [15, 26], account for a majority of the heterogeneity 
in the meta-analysis. To support our results and ensure that 
they are robust, a sensitivity analysis was performed and 
the results of the meta-analysis are presented both with and 
without these studies, i.e., with and without a homogenous 
study population.

The meta-analysis consists of 33,068 participants, pooled 
from twelve studies, who underwent general surgery. Of 
these participants, 22,282 were treated with LMWH and 
the remaining 10,786 were treated with UFH.

Venous thromboembolic events

The results concerning the comparative effectiveness of 
LMWH vs. UFH are shown in Table 2 and Fig. 1. A total 
of 646 events of VTE were recorded between the LMWH 
and UFH groups using the outcome assessments mentioned 
in Table 1. Of them, 308 (1.3%) events occurred in patients 
given LMWH, and 338 (3.1%) events occurred in patients 
given UFH. The random-effects model reported an Odds-
ratio (OR) of 0.77 [95% CI 0.58–1.03; p value = 0.0783; 
I2= 62.3%]. With an insignificant result, our random-effects 
model reported no statistically significant difference between 
LMWH and UFH in the prevention of VTE in participants 
undergoing general surgery. Since our I2 value is high, infer-
ences from this result must be made with caution. The rates 
of VTE between the two groups are quite different (LMWH: 
1.3%; UFH: 3.1%). In this case, the model is unable to dis-
tinguish whether the difference in rates of VTE is due to 
treatment effect or due to clinical heterogeneity between the 
two groups. Due to this high level of heterogeneity, a com-
prehensive sensitivity analysis was performed. The inverted 
funnel plot for the outcome of VTE did not suggest publica-
tion bias (see Supplemental Online Resource 4).

Sensitivity analysis

As our original study population, pooled from twelve stud-
ies, had a high level of heterogeneity, a sensitivity analysis 
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was conducted to identify studies that were inflating their 
influence on the overall results. The three algorithms inde-
pendently identified three studies [24, 29, 35], that were con-
tributing to the majority of the heterogeneity in the meta-
analysis. When the three identified studies [15, 20, 26], were 
removed, the pooled study population was 9452. There were 
158 (3.3%) events of VTE in 4713 participants allocated 
to the LMWH group, and there were 182 (3.8%) events of 
VTE in 4739 participants allocated to the UFH group. The 
I2 statistic was 0%, signaling a homogenous population. 
The random-effects model reported an OR of 0.86 [95% CI, 

0.69–1.08; p value = 0.2005; I2= 0%]. With an insignificant 
result, we can conclude that there is no statistically signifi-
cant difference between LMWH and UFH in the preven-
tion of VTE in participants undergoing general surgery. The 
results of the meta-analysis with and without a homogenous 
population are reported in Table 3.

Major bleeding

The ten studies [15–18, 20, 22–26] that reported events of 
major bleeding had a pooled study population of 31,405 

Table 1  Studies included in the meta-analysis

LMWH low molecular weight heparin, NR not reported, FUT fibrinogen uptake test

Source, year Design Treatment LMWH Dose UFH Dose Outcome assess-
ment

No. of participants

Birkmeyer et al. 
[26], 2012

Prospective trial Unidentified 
LMWH preop-
eratively and 
postoperatively

NR NR NR 20,293

European Fraxipa-
rin Study (EFS) 
Group [15], 1998

Prospective rand-
omized trial

Fraxiparin 7500 anti-Xa units 
once daily

5000 units three 
times a day

FUT 1896

Garcea et al. [16], 
1992

Prospective rand-
omized trial

Fluxum 7500 anti-Xa units 
once daily

15000 IU per day FUT 85

Kakkar et al. [23], 
1993

Prospective Rand-
omized trial

Fragmin 2500 IU once 
daily

5000 IU twice 
daily

Ascending venog-
raphy

3809

Kakkar et al. [17], 
1997

Prospective rand-
omized double-
blinded trial

Clivarin 1750 anti-Xa units 
once daily

5000 IU twice 
daily

FUT 1311

Kakkar et al. [18], 
1989

Prospective rand-
omized double-
blinded trial

Unidentified 
LMWH

1500 IU per day 5000 IU plus 
0.5 mg dihy-
droergotamine 
mesylate twice 
daily

FUT 179

Leizorovicz et al. 
[24], 1993

Prospective rand-
omized double-
blinded trial

Logiparin 3500 IU once 
daily

5000 IU twice 
daily

Phlebogram 859

Liezorovicz et al. 
[19], 1991

Prospective rand-
omized double-
blinded trial

Logiparin 3500 IU once 
daily

5000 IU twice 
daily

FUT 859

McLeod et al. [25], 
2001

Prospective rand-
omized double-
blinded trial

Enoxaparin 40 mg once daily 5000 IU every 8 h Bilateral contrast 
venography

936

Nurmohamed et al. 
[20], 1995

Prospective rand-
omized trial

PK 10169 20 mg once daily 5000 IU thrice 
daily

FUT 1427

Samama et al. [21], 
1990

Prospective rand-
omized trial

Enoxaparin Group A: 60 mg 
once daily,

Group B: 40 mg 
once daily,

Group C: 20 mg 
once daily

5000 IU every 8 h FUT 804

Verardi et al. [22], 
1998

Prospective trial Fluxum Group A: 4000 IU 
once daily, 
Group B: 
8000 IU once 
daily

Group A: 5000 IU 
twice daily

Group B: 5000 IU 
thrice daily

FUT 610
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participants. There were 249 events of major bleeding 
observed in 21,450 participants allocated to receive LMWH 
(1.2%). There were 271 events of major bleeding observed in 
9,955 participants allocated to receive UFH (2.7%). The ran-
dom-effects model gives a pooled odds-ratio of 0.83 [95% CI 
0.64–1.08; p value = 0.1580; I2= 41%]. With an insignificant 
p value, there is no correlation in events of major bleed-
ing in general surgery between participants given LMWH, 

Table 2  Efficacy analysis

Test for heterogeneity between the studies for thromboembolic events: I2 = 62%
LMWH low molecular weight heparin, UFH unfractionated heparin, OR odds ratio, CI confidence interval

Source, year LMWH UFH OR (95% CI) p value

No. of VTE 
events

No. of partici-
pants

No. of VTE 
events

No. of participants

Birkmeyer et al. [26], 2012 40 15891 30 4402 0.37 (0.23–0.59) < 0.001
European Fraxiparin Study (EFS) 

Group [15], 1998
36 960 69 936 0.49 (0.32–0.74) < 0.001

Garcea et al. [16], 1992 5 45 6 40 0.71 (0.20–2.53) 0.60
Kakkar et al. [23], 1993 19 1894 22 1915 0.87 (0.47–1.62) 0.66
Kakkar et al. [17], 1997 31 648 29 663 1.1 (0.65–1.84) 0.72
Kakkar et al. [18], 1989 10 88 10 91 1.04 (0.41–2.63) 0.94
Leizorovicz et al. [24], 1993 10 430 13 429 0.76 (0.33–1.76) 0.52
Liezorovicz et al. [19], 1991 15 430 16 429 0.94 (0.46–1.92) 0.85
McLeod et al. [25], 2001 44 468 44 468 1 (0.65–1.53) > 0.99
Nurmohamed et al. [20], 1995 43 718 26 709 1.67 (1.02–2.75) 0.04
Samama et al. [21], 1990 13 402 20 402 0.64 (0.31–1.30) 0.22
Verardi et al. [22], 1998 11 308 22 302 0.47 (0.22–0.99) 0.05
All studies 277 22282 307 10,786 0.77 (0.58–1.03) 0.08

Fig. 1  Forrest plot of VTE. This figure can be published in black and white

Table 3  Sensitivity analysis

K number of studies

k OR 95% CI p value I2 (%)

Original data (with potential outliers)
 12 0.77 [0.57, 1.03] 0.08 62.3

Data with potential outliers removed
 9 0.86 [0.69, 1.08] 0.20 0
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and participants given UFH. An I2 statistic of 41% signaled 
moderate heterogeneity in the study population. Due to the 
moderate heterogeneity, inferences from this result must be 
made with caution.

Deaths

The five studies [15, 17, 20, 21, 23], that reported events of 
death had a pooled study population of 9247 participants. 
There were 31 (0.67%) deaths observed in 4622 partici-
pants allocated to receive LMWH. There were 33 (0.71%) 
deaths observed in 4625 participants allocated to receive 
UFH. The random-effects model gives a pooled odds-ratio 
of 0.88 [95% CI 0.53–1.45; p value = 0.6050; I2= 0%]. With 
an insignificant result, we can conclude that there is no cor-
relation in deaths between participants given LMWH and 
participants given UFH, when undergoing general surgery. 
An I2 statistic of 0% signaled a homogeneous population.

Thrombocytopenia

UFH is known to have a higher rate of heparin-induced 
thrombocytopenia (HIT) than LMWH. Out of the twelve 
studies, four studies [19–21, 25] measured HIT as an out-
come. The four studies had a pooled study population of 
4026 participants. There were 18 (0.89%) events of HIT 
observed in 2018 participants allocated to receive LMWH. 
There were 27 (1.34%) events of HIT observed in 2008 
participants allocated to receive UFH. The random-effects 
model gives a pooled odds-ratio of 0.66 [95% CI 0.37–1.21; 
p value = 0.1840; I2= 0%]. With an insignificant result, our 
analysis of the four pooled studies shows no correlation in 
the event of HIT between participants given LMWH and 
participants given UFH, when undergoing general surgery.

Discussion

Our study demonstrates that in participants undergoing 
general surgery, no association is seen in the rate of VTE 
between participants allocated to low-molecular weight hep-
arin (LMWH) and those allocated to unfractionated heparin 
(UFH). Before sensitivity analysis, our original population 
pooled from twelve studies had a high level of heterogene-
ity (I2= 62.3%), indicating a population with a wide range 
of risk for VTE. Although the initial rates of VTE were 
vastly different (LMWH: 1.3%; UFH: 3.1%), we were not 
able to tell with certainty, whether that difference is attrib-
utable to the treatment effect or to clinical heterogeneity 
between the two groups. Thus, we identified and removed 
studies that were statistically and clinically heterogeneous, 
to create a homogenous study population. This clinical het-
erogeneity which was causing the statistical heterogeneity 

in our studies, could have risen from a wide difference in 
outcome assessment, varying dose amounts, and/or varying 
surgery types and lengths. After sensitivity analysis, the rate 
of VTE, now pooled from nine studies, were similar in the 
two groups (LMWH: 3.3%; UFH: 3.8%). With a homogene-
ous population, our results continued to show insignificance 
between the two treatment effects. We could now conclude 
with certainty that there is no difference in the rate of VTE 
between the two groups.

In investigating the secondary outcome of major bleed-
ing, no association is seen in the event of major bleeding 
between LMWH and UFH. However, our random-effects 
model returned an I2 value of 41%, signaling moderate het-
erogeneity that requires further investigation. This hetero-
geneity stems from the clinical heterogeneity in the study 
population and dissimilar reporting criteria for the endpoint 
of major bleeding. For example, in some studies, major 
bleeding was defined as a hemorrhage, while in others it was 
defined as a severe hemorrhage potentially reconciling the 
difference in rates of major bleeding between the two groups 
(LMWH: 1.2%; UFH: 2.7%). Although a sensitivity analysis 
could be conducted to gather a more robust result, due to the 
dissimilar reporting criteria for major bleeding, results for 
this outcome should be interpreted with caution. We remain 
uncertain whether the difference in rates of major bleeding 
between the two groups is due to the treatment effect, or due 
to clinical heterogeneity and dissimilar reporting criteria. In 
assessing our third outcome of death, with a homogeneous 
population, we can conclude that no association is seen in 
deaths between the LMWH and UFH groups. And lastly, in 
assessing our fourth outcome of HIT, with a homogeneous 
population, we can conclude that no association is seen in 
HIT between the LMWH and UFH groups. However, the 
outcome of HIT requires further analysis in a more contem-
porary randomized clinical trial (RCT) setting.

The results of our study should be interpreted within the 
context of results of prior similar studies. Our results are 
consistent with those of previous clinical trials and grouped 
analysis in general surgical patients that have shown lack 
of difference in VTE outcomes between LMWH and UFH 
[29–32]. The overall thromboembolic event rate in this study 
after sensitivity analysis (3.3–3.8%) is consistent with other 
large trials [7, 33–38]. In addition to the VTE event rate, we 
analyzed the pooled results of major bleeding and mortality 
among studies that looked at these outcomes. In our pooled 
analysis, we found no statistical difference in major bleed-
ing events between patients receiving LMWH or UFH. We 
observed, overall, major bleeding rates of 1.2% and 2.7%, 
respectively, for LMWH and UFH. Although not statistically 
different and biased in heterogeneity, this is in contrast to 
the results of the ENOXACAN study: major bleeding was 
seen in 4.1% of patients receiving LMWH and 2.9% of those 
receiving UFH [39]. However, previous meta-analyses have 
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not observed increased bleeding with LMWH in general sur-
gery patients [34–36]. A summary of 33 general surgical tri-
als comparing UFH and LMWH found a significantly lower 
risk of bleeding with LMWH [40], and a 1997 meta-analysis 
of general surgery trials also found that bleeding was greater 
with LMWH vs. UFH in VTE prophylaxes; however, this 
was dose dependent.

In summary, our findings in this meta-analysis regard-
ing the lack of superiority in VTE prophylaxis of LMWH 
are also demonstrated among other general surgery trials 
and meta-analyses. Although LMWHs have been advo-
cated in multiple specialties for VTE prophylaxis because 
of effectiveness, safety, and once-day dosing convenience, 
our results showed equal effectiveness, and no difference 
in bleeding or mortality between UFH and LMWH, given 
the limitations discussed above. Besides effectiveness and 
safety, considerations of cost and logistics can be impor-
tant in deciding which VTE prophylaxis regimen to use. 
Although LMWH has the advantage of once-a-day dosing 
vs. two or three daily doses for, in the United States, the cost 
of LMWH is much higher than that of UFH. Etchells et al., 
found via economic analysis that the strategy of prophy-
laxis with Low Dose Heparin (LDH) was equally effective, 
safer, and less expensive for colorectal surgery patients in 
a baseline and sensitivity analysis [41]. In other words, a 
strategy of enoxaparin prophylaxis was associated with over 
$100,000 higher cost than UFH for 7 days of prophylaxis. 
This is clearly an important consideration when deciding 
the regimen of VTE prophylaxis in general surgery patients.

Limitations

A limitation of this study is the lack of recent literature 
in our subject area. With older studies, we risk the use of 
data obtained using outdated protocols and procedures. The 
outcome assessment used to diagnose DVT was one such 
limitation. Eight studies [15–22] used a FUT for outcome 
assessment. A FUT is an outdated mode of diagnosis and 
has been replaced by other diagnostic tests due to a high 
rate of false positives [42]. Ideally, studies using a duplex 
ultrasound (DUS) would reduce the risk of false positives 
in our meta-analysis. When comparing specificities, a FUT 
has a specificity rate of 71%, while a DUS has a specificity 
rate of 97% [42]. Another limitation is the clinical hetero-
geneity between studies. The 95% confidence interval for 
the effect size sensitivity analysis between LMWH vs. UFH 
was 0.69–1.08. This range represents anywhere from a 31% 
reduction to an 8% increase in odds of VTE. This wide con-
fidence interval stems from the clinical heterogeneity in our 
studies. For example, in addition to the difference in dose 
of LMWHs, the treatments also vary in molecular weight, 
and determination of an optimal dose requires further inves-
tigation. Moreover, although within the context of general 

surgery, our studies consisted of participants undergoing 
surgeries of varying duration and risk. Many studies have 
reported the exact surgeries that were performed in the RCT; 
however, many studies have only stated umbrella terms like 
“major abdominal surgery” and a majority have not reported 
average surgery duration. Likewise, the studies consisted of 
participants with varying risk factors for VTE such as obe-
sity, hypertension, varicose veins, malignancies, and heart 
failure. Due to insufficient data reporting, we were unable 
to investigate the association between these risk factors and 
the event of VTE. Ideally, a subgroup analysis would be 
conducted for each risk factor. And lastly, of the twelve stud-
ies, one [25] study that we know of was industry supported.

Conclusions

Our results show an equal effectiveness in the prevention 
of VTE between participants undergoing general surgery 
in those allocated to receive LMWH to those allocated to 
receive UFH. Our results also show similar rates in mortality 
and heparin-induced thrombocytopenia between participants 
allocated to received LMWH and those allocated to received 
UFH. The outcome of major bleeding was not quantifiable 
due to inadequate data.
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