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Abstract 

Background:  Blunt abdominal solid organ injury is common and is often managed nonoperatively. Clinicians must 
balance risk of both hemorrhage and thrombosis. The optimal timing of pharmacologic venous thromboembolism 
prophylaxis (VTEp) initiation in this population is unclear. The objective was to evaluate early (< 48 h) compared to late 
initiation of VTEp in adult trauma patients with blunt abdominal solid organ injury managed nonoperatively.

Methods:  Embase, MEDLINE, and the Cochrane Central Register of Controlled Trials were searched from inception 
to March 2021. Studies comparing timeframes of VTEp initiation were considered. The primary outcome was failure 
of nonoperative management (NOM) after VTEp initiation. Secondary outcomes included risk of transfusion, other 
bleeding complications, risk of deep vein thrombosis (DVT) and pulmonary embolism, and mortality.

Results:  Ten cohort studies met inclusion criteria, with a total of 4642 patients. Meta-analysis revealed a statisti-
cally significant increase in the risk of failure of NOM among patients receiving early VTEp (OR 1.76, 95% CI 1.01–3.05, 
p = 0.05). There was no significant difference in risk of transfusion. Odds of DVT were significantly lower in the 
early group (OR 0.36, 95% CI 0.22–0.59, p < 0.0001). There was no difference in mortality (OR 1.50, 95% CI 0.82–2.75, 
p = 0.19). All studies were at serious risk of bias due to confounding.

Conclusions:  Initiation of VTEp earlier than 48 h following hospitalization is associated with an increased risk of fail-
ure of NOM but a decreased risk of DVT. Absolute failure rates of NOM are low. Initiation of VTEp at 48 h may balance 
the risks of bleeding and VTE.
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Background
Blunt trauma is the most common mechanism of trau-
matic injury, accounting for approximately 80% of 
trauma-related hospital admissions [1]. Nonoperative 
management (NOM) is the standard of care for hemo-
dynamically stable patients with blunt abdominal solid 
organ injury. This includes close monitoring, serial 
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abdominal examinations, and early interventional proce-
dures such as angioembolization [2, 3].

Following initial trauma-induced coagulopathy, 
patients transition to a hypercoagulable state within 24 
to 48  h [4]. Trauma patients are at high risk of venous 
thromboembolic (VTE) events with rates of deep vein 
thrombosis (DVT) as high as 60% in some populations 
[5]. Failure of NOM due to bleeding and development 
of VTE are divergent considerations. Pharmacologic 
prophylaxis has been shown to effectively reduce VTE 
complication rates among patients with traumatic inju-
ries [6]. When deciding on the timing of pharmacologic 
VTE prophylaxis (VTEp) initiation, clinicians must bal-
ance the risk of hemorrhage from injuries with the risk 
of VTE.

Guidelines support the early initiation of pharmaco-
logic VTEp with unfractionated heparin (UFH) or low 
molecular weight heparin (LMWH) in patients with 
blunt abdominal solid organ injury managed nonopera-
tively [7–10]. However, the optimal timing of VTEp ini-
tiation has remained unclear. Reported rates of failure of 
NOM due to bleeding are as high as 11–20% for patients 
with liver and spleen injuries, with most failures occur-
ring within 48 h of injury [2, 11]. Recently, a systematic 
review and meta-analysis including ten studies published 
prior to April 2020 concluded that VTEp could be safely 
initiated within 48 h [12]. However, a 2021 study includ-
ing 3223 patients with isolated blunt abdominal solid 
organ injuries conversely found a significantly increased 
risk of bleeding in those who received VTEp at earlier 
than 48  h [13]. We therefore conducted a systematic 
review of the literature to determine the optimal timing 
for initiation of pharmacologic VTEp among patients 
with blunt abdominal solid organ injury managed nonop-
eratively, considering the most contemporary evidence.

Objectives
The aim of this systematic review was to determine 
the risks and benefits of early (< 48 h) compared to late 
(≥ 48  h) initiation of pharmacologic VTEp in adult 
trauma patients with blunt abdominal solid organ injury 
managed nonoperatively. The primary objective was to 
determine whether early initiation of pharmacologic 
VTEp is associated with a difference in the rate of failure 
of NOM, compared to late initiation. Secondary objec-
tives were to evaluate differences in risk of DVT and pul-
monary embolism (PE), blood transfusion, mortality, and 
other bleeding complications.

Methods
The Cochrane Handbook for Systematic Reviews of 
Interventions and The Preferred Reporting Items for 
Systematic Review and Meta-Analysis (PRISMA) 

checklist guided protocol development and reporting 
[14, 15]. The protocol was registered with PROSPERO 
(CRD42021241143).

Eligibility criteria
The population of interest included adult patients with 
blunt abdominal solid organ injury managed nonopera-
tively. Studies including adolescent patients (age ≥ 13) 
were also included. Randomized controlled trials and 
observational cohort studies were eligible for inclusion. 
Case reports, case series with < 5 patients, and case–con-
trol studies were excluded. Conference abstracts and grey 
literature were eligible for inclusion.

Studies were included irrespective of study-defined 
timing of VTEp initiation. We categorized patients based 
on a priori definitions of early (< 48 h from admission to 
hospital) and late (≥ 48 h) initiation. To be eligible, stud-
ies had to report results according to the timing of VTEp 
initiation. Only studies assessing LMWH or UFH at con-
ventional prophylactic doses were eligible. Inclusion was 
restricted to English and French languages. There were 
no date restrictions. If duplicate patient populations from 
large databases were encountered in multiple studies, 
only the largest and most recent study was included.

Information sources and search strategy
The search strategy is included in Additional file  1: 
Appendix A. Indexed databases incorporated in the 
search included Embase, MEDLINE, and the Cochrane 
Central Register of Controlled Trials. Reference lists of 
relevant systematic reviews were reviewed to identify eli-
gible studies not captured by our database search.

Titles, abstracts, and potentially eligible full texts were 
reviewed independently and in duplicate. Eligibility cri-
teria for full-text screening were applied using an elec-
tronic eligibility checklist (Additional file  2: Appendix 
B). Data collection was performed independently and in 
duplicate. All discrepancies were resolved by consensus 
or a third author.

Outcomes
Primary outcome
The primary outcome was the proportion of patients 
in each study arm who failed NOM and required either 
surgical or radiological intervention for hemostasis after 
initiation of pharmacologic VTEp. Patients who were 
initially treated with angioembolization prior to VTEp 
initiation were not considered to have failed NOM (Addi-
tional file 3, Additional file 4).

Secondary outcomes
Secondary outcomes included need for packed red 
blood cell (pRBC) transfusion and the number of units 
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of pRBCs transfused following initiation of VTEp, risk of 
VTE (DVT and PE), mortality, and other bleeding com-
plications (e.g., intracranial hemorrhage).

Risk of bias in individual studies
Risk of bias for each included study was assessed in 
duplicate by independent reviewers using the Risk of Bias 
in Non-Randomized Studies of Interventions (ROBINS-
I) tool [16].

Data synthesis
Random-effects models were used for meta-analyses, as 
they provide more conservative estimates than the fixed-
effects model, allowing for greater heterogeneity between 
studies. Statistical heterogeneity was examined using the 
I2 statistic, with categories of low (0–30%), moderate (31–
60%), and substantial (61–100%) [14]. A homogenous 
treatment effect was assumed when different prophylac-
tic LMWH/UFH formulations or doses were evaluated 
within the same study. The GRADE approach was used 
to rate the quality of evidence for estimates derived from 
meta-analyses [17].

Results
Study selection
Our literature search identified 2339 records through 
database searching and an additional 265 records through 
searching references, for a total of 2604 records. Title and 
abstract screening excluded 2275 records and 64 full-
text studies were assessed. Ten studies including 4642 
patients met full eligibility criteria (Fig. 1) [1, 13, 18–25]. 
Reasons for exclusion included wrong patient population 
(n = 23), wrong intervention (n = 14), wrong study design 
(n = 5), abstract with insufficient information for inclu-
sion (n = 6), and a trial protocol without results (n = 1). 
A further five studies using the Trauma Quality Improve-
ment Program (TQIP) database were excluded due to 
duplicate patient populations. No additional studies were 
identified from references of included texts or relevant 
systematic reviews.

Study characteristics
Study characteristics are presented in Table  1. One 
study using the TQIP database contributed 69% of 
patients to the included cohort (3223/4642) [13]. No 

Fig. 1  PRISMA flow diagram
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interventional or randomized trials were identified. 
Nine retrospective cohort studies and one prospective 
cohort study were included [25]. Most studies included 
patients with any abdominal solid organ injury, 
although three studies restricted their population to 
patients with specific organ injuries (n = 2 for splenic 
injuries [18, 22], n = 1 for hepatic injuries) [19]. LMWH 
or UFH, or a combination thereof, was included as 
VTEp in all studies, with dosing based on standardized 
time intervals rather than weight in seven studies [1, 
18, 20–24]. Details on dosing regimens were unavail-
able for three studies [13, 19, 25].

Injury severity score (ISS) was similar between studies, 
although three studies limited their patient population 
to those with higher ISS [19, 23, 24]. ISS was generally 
higher in groups with later VTEp initiation. Three stud-
ies excluded patients with significant head injuries [13, 
19, 22]. The proportion of patients with head injuries was 
variably reported, but varied considerably. Other con-
founding variables, including orthopedic injuries, use of 
tranexamic acid (TXA), protocolized bed rest, and use 
of mechanical VTEp, were seldom reported. American 
Association for the Surgery of Trauma (AAST) grading, 
stratified by organ type and VTEp timing, is presented in 
Additional file  5: Table  S1. In general, AAST grade was 
higher in the delayed groups, with few high-grade inju-
ries in the early VTEp groups. Follow-up in all studies 
was limited to hospital discharge. Routine screening for 
asymptomatic VTE was not performed in any study.

Risk of bias
The risk of bias assessment is presented in Fig.  2. All 
studies were considered to be at serious risk of bias, pri-
marily due to concerns for residual confounding despite 
attempts at adjustment using either propensity score 
matching or multivariable regression analysis. There were 
important differences between those receiving early and 
delayed VTEp; notably, patients in the delayed groups 
tended to have higher AAST grades and ISS.

Study outcomes
Outcome data are reported in Table  2. Meta-analysis 
of adjusted data was not possible due to a lack of stud-
ies reporting adjusted data, methodological differences 
between adjustment techniques, and variable reporting 
of treatment effects (e.g., one study reported adjusted p 
values without the associated adjusted OR). Subgroup 
analyses were not possible due to insufficient reporting of 
data stratified by prespecified subgroups. All studies were 
judged to be at serious risk of bias, precluding a sensitiv-
ity analysis of studies at low risk of bias.

Primary outcome
Failure of NOM
Meta-analysis of unadjusted data from three studies 
[13, 18, 24] showed a statistically significant increase 
in the rate of failure of NOM with early VTEp initia-
tion (OR 1.76, 95% CI 1.01–3.05, p = 0.05) (Fig. 3). Sta-
tistical heterogeneity was low (I2 = 0%). Failure rates of 
NOM after VTEp initiation were reported by all but 
one study [22] and were generally low, with most stud-
ies reporting no NOM failures in any group. Among all 
patients who failed NOM, 49 (80.3%) patients required 
surgical intervention, while 12 (19.7%) were managed 
with angioembolization.

Secondary outcomes
Transfusion requirement
Risk of transfusion following VTEp initiation was 
reported by four studies [1, 13, 23, 25]. Meta-analysis 
demonstrated no significant difference in risk of trans-
fusion between the early and late groups (OR 1.56, 95% 
CI 0.55–4.48, p = 0.41) (Additional file 6: Fig. S1). Sta-
tistical heterogeneity was high (I2 = 77%). Transfusion 
volume requirements following VTEp were reported by 
three studies, with all reporting a mean requirement of 
less than two units [1, 21, 25]. Meta-analysis of trans-
fusion volume data was not possible due to the num-
ber of reporting studies and unreported measures of 
dispersion.

Bleeding complications
Two studies reported risk of bleeding complications. 
Rostas et  al. reported no bleeding complications in 
either group [21], while Gaitanidis et  al. reported 
higher rates of “either receiving blood product transfu-
sions after initiation of thromboprophylaxis or under-
going intervention for bleeding control (surgery or 
angioembolization)” in the early group [13].

Risk of VTE
Risk of VTE was reported by all but one study [18]. 
Two studies reported a significantly greater risk of DVT 
in the delayed VTEp group [13, 25], while one study 
reported a significantly greater risk of PE [13]. Meta-
analysis revealed a statistically significant lower risk of 
DVT in the early group (OR 0.36, 95% CI 0.22–0.59, 
p < 0.0001) (Fig.  4). Statistical heterogeneity was low 
(I2 = 0%). The risk of PE was also lower in the early 
group, but did not reach statistical significance (OR 
0.58, 95% CI 0.27–1.25, p = 0.16) (Additional file 7: Fig. 
S2). Statistical heterogeneity was low (I2 = 17%).
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Mortality
Mortality was reported by seven studies [1, 13, 18–20, 
24, 25]. No study reported a statistically significant 
difference in mortality. Meta-analysis revealed no sta-
tistically significant difference between the early and 
delayed groups (OR 1.50, 95% CI 0.82–2.75, p = 0.19) 
(Additional file 8: Fig. S3). Statistical heterogeneity was 
low (I2 = 0%).

Reporting biases and certainty of evidence
Publication bias and small study bias could not be 
assessed given that all meta-analyses included fewer 
than ten studies [14]. A summary of the certainty of 
evidence is presented in Table  3. Outcomes including 
failure of NOM, transfusion requirements, PE, and 
mortality demonstrated a low or very low level of cer-
tainty using the GRADE framework [17]. There was 
moderate certainty in the reported reduction in DVT 
with early compared to late VTEp initiation.

Discussion
This systematic review identified ten observational stud-
ies including 4642 patients and evaluated the optimal 
timing for initiation of VTEp among trauma patients 
with blunt abdominal solid organ injury undergoing 
NOM. Failure of NOM was an infrequent outcome, but 
meta-analysis revealed that early VTEp initiation was 
associated with a statistically significant increase in the 
rate of failure of NOM. Additionally, there was a statisti-
cally significant lower risk of DVT in the early group. No 
significant differences were observed in risk of mortality 
or transfusion. Initiation of VTEp at 48  h may be ideal 
among patients with blunt solid organ injury undergoing 
NOM.

The uncertainty surrounding the optimal time to initi-
ate VTEp reflects the difficulty of managing patients at 
high risk of both bleeding and thrombotic complications. 
The Western Trauma Association suggests starting VTEp 
24  h post-injury [7], whereas the AAST recommends 
starting VTEp within 48  h of injury [10]. These recom-
mendations are largely based on expert opinion. Studies 
identified in this review varied with respect to timing of 
initiation, with early initiation of prophylaxis most fre-
quently defined as < 48 h [1, 13, 18, 19, 21, 23, 25]. Throm-
boelastographic studies have identified a transition from 
trauma-induced coagulopathy to a hypercoagulable state 
at 48 h among patients with blunt solid organ injury, sug-
gesting that 48  h might provide the optimal balance of 
minimizing risk of both bleeding and VTE [26].

Most studies did not report any failures of NOM fol-
lowing initiation of VTEp in either study arm. The largest 
study in our review (using the TQIP database) included 

over 3000 patients and identified increased rates of fail-
ure of NOM and bleeding complications among patients 
with initiation of VTEp at < 48  h compared to at > 72  h 
(2.1% vs. 1.0%) [13]. Conversely, among other stud-
ies evaluating a cutoff of < 48  h for early initiation, 377 
patients received VTEp within 48 h and only two patients 
experienced failure of NOM (0.5%) [1, 18, 19, 21, 23, 25]. 
The discrepant findings between Gaitanidis et  al. and 
other included studies could be due to several factors. It 
was by far the largest included study in our review due to 
its use of a multinational database and had the greatest 
statistical power to detect a significant impact from ear-
lier VTEp initiation on a rare outcome. With the excep-
tion of Gaitanidis et  al., included studies were mainly 
single-center retrospective cohort studies reviewing local 
databases. The TQIP database includes over 850 com-
munity and academic trauma centers from across the 
USA and Canada, and there is likely to be substantial het-
erogeneity with respect to local practice patterns among 
reporting centers.

Importantly, the finding that early VTEp initiation 
was associated with a statistically significant increase in 
the rate of failure of NOM differs from the conclusions 
of a recent systematic review and meta-analysis [12]. 
As noted above, the findings were largely driven by the 
Gaitanidis et  al.’s study, which was published in January 
2021 and therefore could not be included in the review by 
Murphy et al. [12, 13]. It is also important to note that the 
Gaitanidis et  al.’s study excluded patients with an extra-
abdominal Abbreviated Injury Scale score greater than 
3, thereby eliminating an important confounder that can 
impact the decision to start VTEp [13].

We did not identify a statistically significant differ-
ence in transfusion risk between early and late initiation 
of VTEp. However, the reported risk of transfusion was 
substantially higher among single-center studies com-
pared to the multinational database study (e.g., 21–31% 
in the Schellenberg et al.’s study compared to 0.6–1.2% in 
Gaitanidis et al.) [13, 25]. These findings raise the possi-
bility of underreporting of transfusion events in the TQIP 
database, as it would be expected that most patients who 
failed NOM due to bleeding would require transfusions 
as well.

The increased rate of VTE complications with delayed 
VTEp initiation observed among several studies high-
lights the importance of initiating VTEp as soon as is 
safely possible. No study performed routine VTE screen-
ing, so identified events were likely to be symptomatic 
and clinically relevant. Interpretation of these results is 
challenging due to variable follow-up across studies and 
study arms. The longer length of stay observed in the 
delayed group in several studies likely contributed to a 
greater risk for VTE and outcome identification. Our 
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pooled unadjusted analyses were consistent with the 
results observed among the individual studies. PE was a 
less common outcome, and so the lack of statistical sig-
nificance may be due to fewer events and lack of power to 
detect a difference.

Compared to the recent review by Murphy et  al., our 
findings were similar with respect to VTE and transfu-
sion requirements, but discordant for failure of NOM. 

Our review includes the most recent study in this area, 
as well as a 2009 study not included by Murphy et al. [13, 
19] Additionally, our review differs in that we excluded 
a large study by Skarupa et al., as the more recent study 
by Gaitanidis et  al. also utilized the TQIP database 
over a longer time period and therefore had some sam-
ple duplication, but limited their population to those 

Fig. 2  Risk of bias assessment using the ROBINS-I tool
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without significant extra-abdominal injuries, which was 
a strength compared to the Skarupa et al.’s study [13, 27].

This review has several limitations. Importantly, all 
included studies were observational and prone to sub-
stantial bias. Patients in the delayed VTEp arm of each 
study had higher ISS, higher AAST injury grades, and 
longer hospital and intensive care unit admissions 
(Table 1, Additional file 5: Table S1). These findings may 
be due to surgeons appropriately deferring VTEp among 
severely injured patients perceived to be at increased risk 
of bleeding complications. This may therefore underesti-
mate the impact of early VTEp initiation on the risk of 
failure of NOM. Despite several studies attempting to 
control confounding, given the nature of the interven-
tion and observational nature of the data, it becomes 

impossible to eliminate or substantially mitigate this bias, 
as treating physicians were making a conscious decision 
on whether to delay VTEp. Additionally, some studies 
included patients with head injuries, which are a key fac-
tor in deciding on timing of initiation of VTEp. Further-
more, longer hospitalizations were noted in the delayed 
VTEp arm in several studies (Table 1). Accordingly, there 
is a significant risk of ascertainment bias, particularly for 
those outcomes occurring later during hospitalization 
(i.e., VTE). Lastly, we were unable to conduct a meta-
analysis of adjusted data as most studies did not perform 
adjustment for confounders.

Table 2  Summary of outcome data for included studies

NOM nonoperative management, DVT deep vein thrombosis, PE pulmonary embolism
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Conclusions
The optimal timing for initiation of VTEp is a mat-
ter of ongoing debate and substantial interest in the 
trauma surgery community. Initiation at < 48 h appears 

to be the most frequently used definition for early ini-
tiation of VTEp among patients with blunt solid organ 
injury. Initiation of VTEp at 48 h among patients with 
low-grade injuries may balance the risk of bleeding 

Fig. 3  Failure of NOM after VTE prophylaxis initiation (unadjusted data)

Fig. 4  Risk of DVT (unadjusted data)
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complications and mitigate the risk of VTE associ-
ated with later prophylaxis initiation. Prospective 
research with careful control of confounding is needed 
to further evaluate the safety of this threshold. Moreo-
ver, standardizing follow-up duration, definitions of 
NOM, and outcomes of interest would facilitate future 
research and enable improved synthesis of results.
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