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Abstract
Purpose The need to prevent venous thromboembolism (VTE) following blunt solid organ injury must be balanced against 
the concern for exacerbation of hemorrhage. The optimal timing for initiation of VTE chemoprophylaxis is not known. The 
objective was to determine the safety and efficacy of early (≤ 48 h) VTE chemoprophylaxis initiation following blunt solid 
organ injury.
Methods An electronic search was performed of medical libraries for English language studies on timing of VTE chemo-
prophylaxis initiation following blunt solid organ injury published from inception to April 2020. Included studies compared 
early (≤ 48 h) versus late (> 48 h) initiation of VTE chemoprophylaxis in adults with blunt splenic, liver, and/or kidney injury. 
Estimates were pooled using random-effects meta-analysis. Odds ratios were utilized to quantify differences in failure of 
nonoperative management, need for blood transfusion and rates of VTE.
Results The search identified 2,111 studies. Of these, ten studies comprising 14,675 patients were included. All studies 
were non-randomized and only one was prospective. The overall odds of failure of nonoperative management were no dif-
ferent between early and late groups, OR 1.09 (95%CI 0.92–1.29). Similarly, there was no difference in the need for blood 
transfusion either during overall hospital stay, OR 0.91 (95%CI 0.70–1.18), or post prophylaxis initiation, OR 1.23 (95%CI 
0.55–2.73). There were significantly lower odds of VTE when patients received early VTE chemoprophylaxis, OR 0.51 
(95%CI 0.33–0.81).
Conclusions Patients undergoing nonoperative management for blunt solid organ injury can be safely and effectively pre-
scribed early VTE chemoprophylaxis. This results in significantly lower VTE rates without demonstrable harm.

Keywords Trauma · Deep vein thrombosis · Pulmonary embolism · Solid organ injury · Quality improvement

Background

The optimal time to initiate venous thromboembolism 
(VTE) chemoprophylaxis after blunt trauma is a critical 
clinical question without a clear, evidence-based answer. 
Trauma patients are known to be at particularly high risk 
for VTEs, especially severely injured patients who meet 
all three risk factors for VTE formation in Virchow’s triad: 
hypercoagulability, venous stasis, and endothelial injury [1]. 
Fortunately, VTE chemoprophylaxis is effective and is asso-
ciated with low (5%) rates of VTE if initiated early (≤ 48 h). 
An important early study demonstrating the need for timely 
VTE prophylaxis initiation showed that a delay in initiation 
of > 4 days is associated with a threefold VTE risk increase 
[2]. It is clear that early initiation of VTE chemoprophylaxis 
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is desirable, particularly in high-risk trauma patients. How-
ever, trauma patients often also present a risk of ongoing 
bleeding. Particularly among patients with blunt solid 
organ injuries, which are frequently managed nonopera-
tively, clinicians must be vigilant to monitor these patients 
for hemodynamic instability, worsening anemia, or ongoing 
transfusion requirements. Because VTE chemoprophylaxis 
administration may exacerbate bleeding from nonoperatively 
managed solid organ injuries, the desire to prevent VTEs in 
this high-risk population must be balanced against concern 
for hemorrhage.

Recently, the optimal time to initiate VTE chemoprophy-
laxis after blunt solid organ injury has been an area of active 
research focus. A number of prospective [3] and retrospec-
tive [4–12] studies have demonstrated that VTE chemopro-
phylaxis administration 24–48 h after arrival to the emer-
gency department (ED) is associated with reduced rates of 
VTE without increased need for blood transfusion or failure 
of nonoperative management. On this basis, we hypothesize 
that VTE chemoprophylaxis initiated ≤ 48 h of ED arrival 
is safe and effective at preventing VTEs without an associ-
ated increased need for blood transfusion. Because the exist-
ing literature is comprised of relatively small, single-center 
endeavors, the current study aimed to examine the optimal 
time for VTE chemoprophylaxis initiation after blunt solid 
organ injury with a meta-analysis to integrate the results of 
these studies into a consolidated, quantitative analysis.

Methods

The Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) guidelines were followed for 
our review [13]. MEDLINE, EMBASE, Cochrane Library, 
CINAHL, SCOPUS, Web of Science, and ClinicalTrials.
gov were searched from database inception to April 2020 
to identify studies analyzing the safety of early initiation of 
VTE chemoprophylaxis following blunt solid organ injury 
managed nonoperatively. Search terms were defined by two 
authors (PBM, LM) and duplicated in compliance with the 
PRISMA minimum set of items for reporting. The search 
strategy for PubMed MEDLINE is detailed in Appendix 1.

All titles and abstracts were reviewed independently by 
two reviewers (BK, EH). Papers selected for full review were 
analyzed independently by two reviewers (BK, EH). The 
reference lists of identified studies and reviews were also 
examined for potentially relevant studies.

Study inclusion

We included studies meeting the following criteria:

(1) adult (≥ 18 years of age) trauma patients with any blunt 
solid organ injury (kidney, liver, and/or spleen) man-
aged nonoperatively;

(2) grouped patients on time to initiation of VTE chemo-
prophylaxis;

(3) reported failure rates of nonoperative management 
(NOM) as well as need for packed red blood cells 
(pRBC) transfusion.

Study exclusion

We excluded studies meeting the following criteria:

(1) case reports (< 10 patients);
(2) non-English language studies;
(3) conference abstracts;
(4) case series.

Data extraction

Data were extracted and paper quality assessed by two inde-
pendent reviewers (BK, EH). Conflicts were resolved by a 
third reviewer (PBM). A standardized data collection form 
was used, collecting information on study design, inclusion 
criteria, population demographics, injury characteristics, 
grade of solid organ injury, and timing of VTE prophylaxis 
initiation.

Clinical outcomes examined included failure of NOM, 
need for pRBC transfusion, number of pRBC transfused 
(both total in-hospital and post-prophylaxis initiation), and 
use of angioembolization.

Study quality assessment

Based on a systematic review of 194 tools for quality assess-
ment, we chose to use the Newcastle–Ottawa Scale to assess 
study quality [14]. Quality assessment was completed inde-
pendently by two reviewers (BK, EH) with discussion and 
consensus by a third (PBM) for any disagreements. Stud-
ies were then assigned a quality rating of ‘Good’, ‘Fair’, or 
‘Poor’ based on points in each domain.

Statistical analysis

Meta-analysis was performed only for outcomes reported 
in three or more studies. Given the heterogeneity in timing 
of VTE prophylaxis initiation, multiple sensitivity analyses 
were performed. The most common definition of early VTE 
chemoprophylaxis initiation was ≤ 48 h, reported by eight of 
the ten included studies. Therefore, ≤ 48 h was chosen as the 
definition of early VTE chemoprophylaxis initiation for the 
meta-analysis. Two studies defined early VTE prophylaxis 
as ≤ 72 h rather than ≤ 48 h [5, 7]. Because median time to 
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first dose was not reported in these studies, these early chem-
oprophylaxis initiation patients were included in the early 
prophylaxis group of the meta-analysis. A subgroup analysis 
excluding these studies was also performed to investigate the 
impact of their inclusion. Three studies included an inter-
mediate timing group, defined as chemoprophylaxis initia-
tion between 48 and 72 h.[6, 8, 11] Because these patients 
were started on VTE chemoprophylaxis > 48 h, they were 
included in the late group (> 48 h) of the meta-analysis.

Because the size of the study by Skarupa et al. was expo-
nentially larger than the other study sample sizes, analyses 
were performed both with and without this study [12]. Fur-
ther, Lin et al. [9] and Skarupa et al. contained duplicate 
patients, with both studies using years 2013–2014 of the 
American College of Surgeons Trauma Quality Improve-
ment Program (ACS-TQIP) dataset. To prevent double-
cohorting and because Lin et al. only examined grades III–V 
splenic injuries, Lin et al. was excluded from meta-analysis 
except for the subgroup analysis of splenic trauma.

The Mantel–Haenszel random-effects model was used to 
calculate pooled event rates for dichotomous outcomes to 
calculate an odds ratio (OR) and 95% confidence interval 
(CI). Heterogeneity was assessed through clinical diversity, 
methodological diversity, and statistical heterogeneity. Clini-
cal diversity was assessed by comparing the cutoffs for early 
and late VTE prophylaxis and selection of study population 
between studies (distribution of solid organ injury type and 
grade). Statistical heterogeneity was assessed using the I2 
statistic, representing the percentage of variability across 
studies attributable to differences between studies. The inter-
pretation of I2 depends on the magnitude and direction of 
the effects and the strength of evidence for heterogeneity (p 
value from the Chi-squared test); a p value of 0.1 was con-
sidered significant in this analysis [15]. We used accepted 
values for ascribing heterogeneity as follows: considerable 

(75–100%); substantial (50–90%); moderate (30–60%); and 
low/not important (0–40%) [15].

Publication bias was visually assessed using inverted fun-
nel plots (Appendix 2). All analyses were performed using 
RevMan Version 5.3.5 (Copenhagen). The forest plots were 
generated to demonstrate the favored timing of VTE chemo-
prophylaxis initiation for each outcome.

Results

Following removal of duplicates, the literature search 
returned 2111 studies. After applying the inclusion criteria 
to the titles and abstracts, 34 articles underwent full text 
review (Supplemental Fig. 1). Of the reviewed articles, ten 
studies met final inclusion and exclusion criteria (Table 1). 
All studies were retrospective with the exception of one [3] 
and all were within the last 20 years. Two studies used the 
ACS-TQIP dataset for the years 2013–2014 [9, 12], with 
Skarupa et al. examining all blunt solid organ injury within 
this time period and Lin et al. examining only grades III–V 
splenic injuries within the same time frame and dataset. 
Alejandro et al. [4] and Kwok et al. [8] also only exam-
ined blunt splenic trauma, while Rostas et al. [11] combined 
both splenic and liver trauma. The remaining studies encom-
passed all blunt solid organ injury.

All but two were performed in the USA [7, 10]. Half of 
the studies specifically excluded patients with head injury. 
The proportion of AAST grade III and higher solid organ 
injuries varied widely between studies (Table 2). The defi-
nition for failure of NOM was not standardized between 
studies, but was based upon the need for either explora-
tory laparotomy or angioembolization at various time 
points (either at any time during admission or at an interval 
of > 6–24 h after admission) (Supplemental Table 1). The 

Table 1  Characteristics of included studies

TQIP Trauma Quality Improvement Program
† Duplicate cohort of  Skarupa12 and excluded from analysis

First author Year Country Study design Study period N Study population

Alejandro [4] 2003 USA Retrospective cohort 2000–2002 114 Blunt spleen injury
Eberle [5] 2011 USA Retrospective cohort 2005–2008 312 Any blunt solid organ injury
Joseph [6] 2015 USA Retrospective cohort (propensity matched) 2006–2011 116 Any blunt solid organ injury
Khatsilouskaya [7] 2017 Switzerland Retrospective cohort 2009–2014 179 Any blunt solid organ injury
Kwok [8] 2016 USA Retrospective cohort 2007–2015 497 Blunt spleen injury
Lin [9]† 2019 USA Retrospective cohort (TQIP) 2013–2014 816 Blunt high-grade spleen injury
Murphy [10] 2016 Canada Retrospective cohort 2010–2014 162 Any blunt solid organ injury
Rostas [11] 2014 USA Retrospective cohort (Multi-center) 2007–2011 328 Blunt spleen/liver injury
Schellenberg [3] 2019 USA Prospective cohort 2016–2017 118 Any blunt solid organ injury
Skarupa [12] 2019 USA Retrospective cohort (TQIP) 2013–2014 36,187 Any blunt solid organ injury
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most common definition of failure of NOM was the need for 
laparotomy > 6 h after admission to hospital.

Choice of VTE chemoprophylaxis agent was also variable 
within and between studies and was typically at attending 
surgeon discretion. The most common agent was enoxaparin, 
dosed either once or twice daily (Supplemental Tabel 1). 
No studies reported on the use of Anti-Xa levels or other 
methods of monitoring VTE prophylaxis levels.

Failure of NOM

Three studies reported no failures of NOM associ-
ated with either early (≤ 48  h) or late (> 48  h) VTE 

chemoprophylaxis initiation, Table 3 [3, 6, 11]. Of the 
remaining studies, there was no difference in failure of 
NOM between study groups. The overall odds of failure 
of NOM were 1.09 (95% CI 0.92–1.29) (Fig. 1). After 
excluding the largest study [12], the odds did not change 
(OR 0.88, 95% CI 0.39–1.95), (Supplement Fig. 2). When 
including only studies examining all blunt solid organ 
injuries, NOM failure remained non-significant (OR 1.10, 
95%CI 0.92–1.30) (Supplement Fig. 3). In a subgroup 
analysis of only splenic injuries, there was no difference 
in failure of NOM (OR 0.91, 95% CI 0.42–1.97) (Supple-
ment Fig. 4).

Table 2  Injury characteristics of included studies

NR not recorded
**Early was defined by authors as less < 72 h; *Immediate was < 24 h; †Intermediate was between 48 and 72 h; AIS Abbreviated Injury Scale

First author Group N Grade III–V 
spleen injury, 
n (%)

Grade III–VI 
liver injury, n 
(%)

Grade III–V 
kidney injury, 
n (%)

Combined 
organ injuries, 
n (%)

Severe pelvic 
fracture, n 
(%)

Traumatic 
brain or spi-
nal injury, 
n (%)

Alejandro [4] Early 50 12 (24%) 0 0 0 NR NR
Late 64 24 (38%) 0 0 0 NR NR

Eberle [5] Early** 41 11 (27%) 10 (24%) 3 (7%) 11 (27%) 16 (39%) 9 (22%)
Late 70 14 (20%) 21 (30%) 7 (10%) 18 (26%) 42 (60%) 28 (40%)
No Prophylaxis 201 46 (23%) 40 (20%) 24 (12%) 30 (15%) 33 (16%) 68 (34%)

Joseph [6] Early 58 9 (38%) 7 (12%) 8 (14%) 11 (19%) Excluded Excluded
Intermediate† 29 6 (21%) 4 (14%) 4 (14%) 6 (21%) Excluded Excluded
Late 29 7 (24%) 5 (17%) 5 (17%) 5 (17%) Excluded Excluded

Khatsilouskaya 
[7]

Early** 80 6 (19%) 9 (11%) 7 (9%) 0 38 (48%) 10 (13%) 
(head 
AIS >  = 3)

Late 62 7 (11%) 19 (31%) 9 (15%) 0 23 (37%) 20 (32%)
No Prophylaxis 37 8 (22%) 9 (24%) 8 (22%) 0 7 (19%) 7 (19%)

Kwok [8] Immediate* 23 3 (13%) 0 0 0 NR Excluded
Early 91 33 (100%) 0 0 0 NR Excluded
Intermediate† 65 22 (100%) 0 0 0 NR Excluded
Late 77 25 (100%) 0 0 0 NR Excluded
No Prophylaxis 241 110 (100%) 0 0 0 NR Excluded

Lin [9] Early 144 144 (100%) 0 0 0 NR 36 (25%)
Late 147 147 (100%) 0 0 0 NR 27 (18%)
No Prophylaxis 525 525 (100%) 0 0 0 NR 126 (24%)

Murphy [10] Early 78 11 (26%) 9 (12%) 2 (3%) 11 (14%) NR Excluded
Late 84 27 (32%) 10 (12%) 5 (6%) 12 (14%) NR Excluded

Rostas [11] Early 103 9 (16%) 7 (7%) 0 0 NR 3 (3%)
Intermediate† 54 7 (13%) 13 (24%) 0 0 NR 7 (13%)
Late 171 26 (15%) 34 (20%) 0 0 NR 12 (7%)

Schellenberg [3] Early 61 8 (36%) 11 (18%) 8 (13%) 12 (20%) 22 (36%) 5 (8%)
Late 57 6 (11%) 12 (21%) 13 (23%) 7 (12%) 20 (35%) 18 (32%)

Skarupa [12] Early 8208 781 (45%) 713 (9%) 660 (8%) 217 (3%) NR Excluded
Late 4819 1592 (33%) 1691 (35%) 1592 (33%) 484 (10%) NR Excluded
None 23,160 4053 (18%) 3775 (16%) 3984 (17%) 1135 (5%) NR Excluded
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Table 3  Outcomes of included studies

NR not recorded, pRBC packed red blood cells, VTE venous thromboembolism
**Early was defined by authors as less < 72 h; *Immediate was < 24 h; †Intermediate was between 48 and72 h; AIS Abbreviated Injury Scale

First author Group N Planned opera-
tive management, 
n (%)

Failure nonopera-
tive management, 
n (%)

Angiography, n (%) pRBC, units, mean VTE, n (%)

Alejandro [4] Early 50 43 (23%) 2 (4%) NR 3.2 NR
Late 64 4 (6.3%) NR 3.0 NR

Eberle [5] Early** 41 177 (36%) 3 (7.3%) NR 3.0 0 (0%)
Late 70 5 (7.1%) NR 6.4 0 (0%)
No Prophylaxis 201 9 (4.5%) NR 1.2 4 (1.9%)

Joseph [6] Early 58 NR 0 (0%) 1 (1.7%) 2.1 0 (0%)
Intermediate† 29 0 (0%) 1 (3.4%) 0 1 (3.4%)
Late 29 0 (0%) 1 (3.4%) 0 1 (3.4%)

Khatsilouskaya [7] Early** 80 NR 1 (1.3%) NR NR 1 (1.3%)
Late 62 2 (3.2%) NR NR 3 (4.8%)
No Prophylaxis 37 4 (10.8%) NR NR 4 (10.8%)

Kwok [8] Immediate* 23 134 (14%) 1 (4%) 1 (4%) 1 1 (4%)
Early 91 2 (2%) 4 (4%) 0 2 (2%)
Intermediate† 65 2 (3%) 2 (3%) 1 1 (1.5%)
Late 77 2 (3%) 5 (6%) 1 1 (1.3%)
No Prophylaxis 241 10 (4%) 7 (3%) NR NR

Lin [9] Early 144 NR 5 (3.5%) 12 (8.3%) NR 4 (2.8%)
Late 147 5 (3.4%) 20 (13.6%) NR 4 (2.7%)
No Prophylaxis 525 NR 40 (7.6%) NR NR

Murphy [10] Early 78 24 (12%) 2 (3%) 11 (14%) 4.5 (median) 3 (3.8%)
Late 84 1 (1%) 29 (35%) 2.0 (median) 0 (0%)

Rostas [11] Early 103 NR 0 (0%) NR NR 1 (1%)
Intermediate† 54 0 (0%) NR NR 0 (0%)
Late 171 0 (0%) NR NR 5 (2.8%)

Schellenberg [3] Early 61 49 (21%) 0 (0%) NR 0 (median) 2 (3%)
Late 57 0 (0%) NR 0 (median) 6 (11%)

Skarupa [12] Early 8208 NR 221 (4.6%) NR NR 134 (1.6%)
Late 4819 344 (4.2%) NR NR 459 (9.5%)
None 23,160 926 (4%) NR NR 1921 (8.3%)

Fig. 1  Odds of failure of nonoperative management after traumatic blunt solid organ injury with early (≤ 48 h) vs late (> 48 h) VTE chemopro-
phylaxis
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Bleeding

Only six studies reported on bleeding following initiation of 
chemical VTE prophlyaxis, Table 3 [3, 4, 6, 7, 10, 12]. There 
was no difference in the need for blood transfusion between 
early or late VTE chemoprophylaxis initiation groups, OR 
0.91 (95% CI 0.70–1.18) (Fig. 2). Similarly, need for any 
blood after receiving a dose VTE prophylaxis was no dif-
ferent, OR 1.23 (95% CI 0.55–2.73) (Supplement Fig. 5).

VTE

Two studies reported no VTE events in either the early or 
late VTE chemoprophylaxis initiation groups (Table 3) [4, 
5]. In the remaining studies, there was a lower odds of VTE 
following blunt solid organ injury for patients receiving early 
chemical VTE prophylaxis, OR 0.51 (95% CI 0.33–0.81) 
(Fig. 3). In a sensitivity analysis excluding Skarupa et al., 
there was no difference in VTE events between groups, OR 
0.62 (95% CI 0.22–1.69). A subgroup analysis was per-
formed to exclude the two studies with early VTE chemo-
prophylaxis initiation defined as ≤ 72 h [5, 7] and there was 
no difference in the results with the exception of VTE, OR 
0.56 (95% CI 0.30–1.05).

Study quality, heterogeneity, and publication bias

Overall, the study quality was fair (n = 5) or good 
(n = 5), Supplemental Table 2. All of the studies except 

Schellenberg et al. [3] suffer from limitations inherent to 
retrospective study designs. Patient selection was well 
done by all studies which identified patients based on CT 
findings, although exclusion criteria varied between stud-
ies, particularly in regard to the exclusion of concomitant 
head trauma. Time to initiation of VTE chemoprophylaxis 
was collected from the electronic medical administration 
record and no study reported on missed doses. Five stud-
ies performed adjusted analyses either with propensity 
scores, matching for demographic and injury character-
istics, or with multivariable regression controlling for 
potential confounders. Except for Lin et al.’s and Skarupa 
et al.’s analyses of TQIP data, which includes a mandatory 
30-day follow-up, loss to follow-up was not stated in any 
other study and resulted in lower scores in the ‘Outcome’ 
domain. Only one study performed a sample size calcu-
lation. Kwok et al. determined that 250 patients in each 
group would detect an 8% difference in failure of NOM 
[8]. Objective study heterogeneity measure by I2 was low 
for most analyses suggesting a low/not important risk of 
bias. The only significant bias was for the odds of requir-
ing blood transfusion after receiving VTE prophylaxis, 
Supplementary Fig. 5  (I2 = 76%, p = 0.02). Based on visual 
assessment of inverted funnel plots no appreciable publi-
cation bias was detected, Appendix 2.

Fig. 2  Odds of requiring a blood transfusion after traumatic blunt solid organ injury with early (≤ 48 h) vs late (> 48 h) VTE chemoprophylaxis

Fig. 3  Odds of venous thromboembolism after traumatic blunt solid organ injury with early (≤ 48 h) vs late (> 48 h) VTE chemoprophylaxis
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Discussion

Based on our systematic review and meta-analysis, early 
(≤ 48 h) initiation of VTE chemoprophylaxis following 
blunt solid organ injury is both safe and effective. Specifi-
cally, our study findings indicate that early initiation does 
not precipitate bleeding and has no impact on failure of 
NOM or need for blood transfusion. Furthermore, early 
initiation reduces the risk of VTE following blunt solid 
organ injury when compared to late (> 48 h) initiation. 
This aligns with thromboelastography (TEG) studies dem-
onstrating that trauma patients transition into a hyperco-
agulable state after approximately 24–48 h, adding further 
evidence that this is the ideal time period within which to 
initiate VTE chemoprophylaxis [16].

The optimal time to initiate VTE chemoprophylaxis 
after blunt solid organ injury has been controversial. A 
survey of traumatologists from Canada demonstrated large 
variability in timing of VTE prophylaxis initiation for 
these patients [17]. Additionally, the initiation time var-
ied significantly with American Association for the Sur-
gery of Trauma (AAST) grade of injury, with lower AAST 
grades associated with earlier initiation. A similar survey 
of AAST members on the management of splenic trauma 
found remarkable heterogeneity among respondents in 
terms of decision making around VTE chemoprophylaxis 
initiation, wherein providers used grade of injury, serial 
hemoglobin measurements, and/or a prescribed period of 
time after admission to guide their decision making [18].

With competing clinical concerns about both preventing 
VTE formation while also avoiding provocation of bleed-
ing from the injured viscera, the existing clinical equipoise 
is understandable. Similar questions have been raised in 
other surgical disciplines involving the care of patients at 
high risk for both VTE and bleeding. A review on the tim-
ing of VTE chemoprophylaxis initiation after major liver 
resection, for example, demonstrated a significant reduc-
tion in VTE without an increase in bleeding in patients 
with VTE chemoprophylaxis initiated < 24 h.[19]

The rationale for early chemical VTE prophylaxis fol-
lowing traumatic injury is clear. VTE is one of the most 
preventable causes of death following traumatic injury 
beyond the initial 24 h, causing approximately 12% of 
deaths [20]. Both the Eastern Association for the Surgery 
of Trauma and the American College of Chest Physicians 
have acknowledged emerging evidence and the importance 
of VTE chemoprophylaxis in VTE prevention, but have not 
prescribed a ‘safe’ initiation time [21, 22]. Given the clear 
impetus to avoid significant risks of morbidity and mortal-
ity after VTE in this population, delineation of the optimal 
time frame for initiation is critically needed.

There are several limitations to this study. No rand-
omized trials have been performed to guide the optimal 
time to begin chemical VTE prophylaxis following blunt 
solid organ injury and this hinders our interpretation of 
the available data. Additionally, the majority of studies 
captured by this study are particularly susceptible to bias 
due to their retrospective design, single-center nature, and/
or small sample sizes. Further, the low event rate for both 
VTE events and failure of NOM make sound statistical 
analysis of differences in outcomes challenging. A major 
challenge in the study of VTE prophylaxis after blunt solid 
organ injuries is also the varying definitions of clinically 
important outcomes in the existing literature. This includes 
a lack of standard definition for the specific timing of fail-
ure of NOM and the classification of angioembolization 
into the operative or nonoperative group. Additional het-
erogeneity is added to existing literature based on different 
approaches to DVT screening at individual centers, with 
some centers screening high-risk patients routinely for 
DVTs and other investigating symptomatic patients only. 
Therefore, the true incidence of VTE is unknown. Further-
more, as the AAST grade of solid organ injury increases, 
these injuries are less likely to be managed nonoperatively. 
Therefore, AAST grades IV–V injuries are underrepre-
sented in the included studies and it is unclear if the study 
results may be safely extrapolated to these patients. Lastly, 
there is a potential need for risk stratification based on 
burden of associated injuries, especially traumatic brain 
injury, which has been shown to both delay VTE prophy-
laxis initiation and also increase the VTE risk, although 
this too has been challenged recently [23]. Ultimately, a 
large, multi-center randomized control trial will be needed 
to reduce bias, examine these questions in more depth, and 
thereby more conclusively determine the optimal time at 
which to initiate VTE chemoprophylaxis after blunt solid 
organ injury.

Blunt solid organ injury is one of the most frequent trau-
matic injuries and VTE is one of the most common pre-
ventable complications of trauma. Therefore, it is incumbent 
upon those who care for injured patients to initiate VTE 
chemoprophylaxis as soon as it is safe. In this systematic 
review and meta-analysis, early initiation of VTE chemopro-
phylaxis reduced VTE rates and did not increase transfusion 
requirements or failure rates of NOM. The best available 
evidence following our study supports the safe and effective 
initiation of VTE chemoprophylaxis ≤ 48 h after blunt solid 
organ injury in the absence of contraindications such as an 
associated traumatic brain injury.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00068- 021- 01783-0.
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