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Abstract
Purpose  Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) represents a minimally invasive technique of 
aortic occlusion (AO). It has been demonstrated to be safe and effective with appropriate training in traumatic hemorrhage 
with hemodynamic instability; however, its indications are still debated. The aim of this systematic review and meta-analysis 
is to assess the impact of REBOA on mortality in torso trauma patient with severe non-compressible hemorrhage compared 
to other temporizing hemostatic techniques.
Study design  The primary outcome is represented by 24-h, and in-hospital mortality. Secondary outcomes are post-proce-
dural hemodynamic improvement (systolic blood pressure—SBP), mean injury severity score (ISS) differences, treatment-
related morbidity, transfusional requirements and identification of prognostic factors.
Results  A significant survival benefit at 24 h (RR 0.46; 95% CI 0.27–0.79; I2: 55%; p = 0.005) was highlighted in patients 
undergoing REBOA. Regarding in-hospital mortality (RR 0.99; 95% CI 0.75–1.32; I2: 73%; p = 0.98) no differences in risk 
of death were noticed. A hemodynamic improvement—although not significant—was highlighted, with 55.8 mmHg post-AO 
SBP mean difference between REBOA and control groups. A significantly lower mean number of packed Red Blood Cells 
(pRBCs) was noticed for REBOA patients (mean difference: − 3.02; 95% CI − 5.79 to − 0.25; p = 0.033). Nevertheless, an 
increased risk of post-procedural complications (RR 1.66; 95% CI 0.39–7.14; p = 0.496) was noticed in the REBOA group.
Conclusions  REBOA may represent a valid tool in the initial treatment of multiple sites subdiaphragmatic hemorrhage with 
refractory hemodynamic instability. However, due to several important limitations of the present study, our findings should 
be interpreted with caution.
Level of evidence  Level III according to ELIS (SR/MA with up to two negative criteria).

Keywords  REBOA · Aortic cross-clamping · Extraperitoneal pelvic packing · Traumatic torso hemorrhage · Meta-analysis

Introduction

The concept of aortic occlusion (AO) in cases of traumatic 
non-compressible torso hemorrhage (NCTH) is still debated 
and numerous studies published in the literature have docu-
mented survival benefits in case of massive abdominal and 
pelvic bleeding [1, 2]. Direct (open) aortic cross-clamping 
via resuscitative thoracotomy (RT) can provide temporary 

hemodynamic stability, supporting proximal aortic pres-
sure and minimizing subdiaphragmatic hemorrhage: on the 
other hand, the procedure is extremely invasive and associ-
ated with poor survival rates (less than 10% in case of blunt 
trauma [3]). Extraperitoneal pelvic packing (EPP) is another 
damage control procedure that appears as a valid alternative 
in case of exsanguination arising from pelvic ring disrup-
tion [4–6].

Resuscitative Endovascular Balloon Occlusion of the 
aorta (REBOA) has emerged as a less invasive alternative 
to open aortic cross-clamping [7]. The technique consists 
of placing an aortic balloon through a sheath into the com-
mon femoral artery. The balloon can be inflated in Zone 1 
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(between the left subclavian artery and the celiac axis), Zone 
2 (between the celiac axis and the lower margin of the renal 
arteries), or Zone 3 (between the lower margin of the renal 
arteries and the iliac bifurcation) [8] (Fig. 1).

REBOA has been shown to be feasible and effective, 
with appropriate training, compared to RT: in fact, aortic 
occlusion helps controlling hemorrhages arising from any 
region below the site of occlusion, allowing for temporary 
hemodynamic stability before definitive hemostasis can be 
performed.

However, clear evidence regarding its effectiveness is 
lacking as well as appropriate patients’ selection and severe 
complications are described [9].

Our aim is to clarify the role of REBOA in case of trau-
matic hemorrhagic shock due to NCTH, compared to the 
most commonly employed emergent hemostatic alterna-
tives—in particular RT and EPP.

Methods

Search strategy

A systematic review of the English-language literature was 
performed according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) and 
AMSTAR (Assessing the methodological quality of system-
atic reviews) Guidelines [10, 11]. The meta-analysis was 
conducted following the MOOSE recommendations.

The systematic review protocol was registered on the 
International Prospective Register of Systematic Reviews—
PROSPERO (registration ID: CRD42021243141).

The PubMed, Scopus, and Web of Science databases 
were screened without time restrictions up to March 22nd, 
2021 using the keywords “trauma”, “traumatic bleeding”, 
“hemorrhage”, “exsanguination”, “abdominal, pelvic, 
abdomino-pelvic trauma”, “resuscitative endovascular bal-
loon occlusion of the aorta”, “REBOA”, “intra aortic balloon 
occlusion”, “IABO”, “aortic occlusion”, “resuscitative thor-
acotomy” “extraperitoneal pelvic packing”, “preperitoneal 
pelvic packing”, “EPP”. The research also included all the 
MeSH Terms. Articles without free full text available were 
searched through the University of Milan digital library and 
direct contact with authors. A hand-search of references of 
included studies and previous reviews on the topic was also 
performed to include additional relevant studies according 
to our selection criteria. Two investigators (SF, AB) carried 
out the literature search independently.

Inclusion criteria

Only clinical studies reporting survival outcomes of patients 
suffering from traumatic NCTH with hemodynamic instabil-
ity treated with REBOA were included.

A specific population (P), intervention (I), comparator 
(C), outcome (O), and study design (S) (PICOS) framework 
was specified to define study eligibility, as recommended. In 
particular, the following criteria were outlined:

Fig. 1   Zones of REBOA 
deployment
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•	 Population (P): patients suffering from blunt or penetrat-
ing traumatic torso hemorrhage with hemodynamic insta-
bility;

•	 Intervention (I): Partial or total aortic occlusion through 
resuscitative endovascular balloon occlusion of the aorta 
(REBOA);

•	 Comparison (C): patients undergoing other temporary 
hemostatic procedures such as RT with aortic cross-
clamping (ACC), and EPP;

•	 Outcomes (O): in-hospital mortality, post-treatment mor-
bidity;

•	 Study design (S): all study designs.

Studies with insufficient reporting of the PICOS criteria 
were excluded.

Exclusion criteria

All preclinical studies were excluded from the review. Stud-
ies written in non-English language and studies reporting 
overlapping series were excluded as well. Similarly, case 
reports, editorials, previously published reviews, book chap-
ters and commentaries were deemed not eligible.

Systematic review process

Mendeley reference software (Mendeley Ltd, London, UK) 
was used to identify and remove duplicates among identified 
records. Overall, 1248 articles were preliminarily identified 
by the literature search. After exclusion of duplicates, two 
independent reviewers (SF, AB) screened titles and abstracts 
of 1245 records. An a priori developed screening form was 
created to guide study selection. Investigators were blinded 
to each other's decisions. The disagreement was solved by 
a third party (SG), who supervised the systematic review 
process.

Twenty-five articles were assessed for eligibility. Finally, 
eight studies fulfilling all inclusion criteria were selected 
for qualitative and quantitative analysis. The flow-chart 
depicting the overall review process according to PRISMA 
is reported in Fig. 2.

Assessment of risk of bias

The risk of bias was assessed for individual studies accord-
ing to the ROBINS-I tool provided by the Cochrane Col-
laboration [12] independently by two investigators (SF, 
SP). The following domains were explored: (1) bias due to 
confounding; (2) bias in selection of participants into the 
study; (3) bias in classification of interventions; (4) bias due 
to departures from intended interventions; (5) bias due to 
missing data; (6) bias in measurement of outcomes; and (7) 
bias in selection of the reported results.

Data were collected according to the methodology pro-
posed by Sterne [12] in a computerized spreadsheet. Bar and 
traffic light plots were created to display the results of the 
risk of bias assessment graphically.

Data extraction and assessment of included studies

Data were extracted independently by three authors (SG, 
SF, AB). Information about study design and methodol-
ogy, participant demographics characteristics, mechanism 
and site of trauma, vitals on ED arrival and after hemostatic 
procedure (systolic blood pressure—SBP; heart rate—HR; 
Glasgow coma scale—GCS), injury severity score (ISS), 
aortic zone placement, REBOA access, occlusion time, type 
of occlusion (partial vs total), number of packed red blood 
cells (pRBCs), fresh-frozen plasma (FFP), platelet pools 
(PP) were gathered in a computerized spreadsheet (Micro-
soft Excel 2016; Microsoft Corporation, Redmond; WA). 
Twenty-four-hour, 48-h, overall survival and complication 
rates, as well as the increase in systolic blood pressure after 
hemostatic procedure were collected as well. An attempt to 
retrieve missing data was done through direct contact with 
the authors. In case of disagreement, two further investiga-
tors (SC, OC) helped resolve it through discussion.

Two authors (SP, FB) independently assessed the quality 
of evidence provided by each study using the Oxford Center 
for Evidence-Based Medicine scoring system [13]. The 
methodological quality of each retrospective comparative 
study was assessed using the validated Newcastle–Ottawa 
Scale (NOS) [14]; studies that scored ≥ 7 were considered 
of high quality.

Primary and secondary endpoints

The primary outcome was represented by 24-h, and in-hos-
pital mortality. Secondary outcomes were represented by 
post-procedural hemodynamic improvement (SBP), mean 
ISS differences between the two groups, treatment-related 
morbidity, transfusional requirements and identification of 
prognostic factors.

Statistical analysis

Primary outcome measures were expressed in terms of Risk 
Ratio (RR) and 95% Confidence Intervals (CI) for overall 
survival and disease-free survival. Meta-analyses of binary 
outcomes were developed. Moreover, meta-analyses of pro-
portion were performed to explore cumulative survival rates 
of different subgroups according to the site of injury.

Secondary outcome measures were reported as means/
standard deviation (SD) and RR with 95% CI. Mean SBPs 
were retrieved from each manuscript. Whenever not overtly 
reported, they were computed from medians, ranges, 
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interquartile ranges (IQR) and sample sizes according to 
Wan’s method[15]. Meta-analyses of binary outcomes and 
means were developed.

Fixed and random effects models based on the Man-
tel–Haenszel method were built to assess the impact of het-
erogeneity on results. In the presence of low heterogeneity 
(< 25%), a fixed-effect model was chosen to compute the 
outcome. The presence of outliers was investigated, and their 
effect sizes were excluded.

Heterogeneity between studies was quantified by I2 sta-
tistic and Cochran’s Q test; cut-off values of 25%, 50%, 

and 75% were considered as low, moderate, and high, 
respectively [16]. Sensitivity analyses were conducted 
after inspecting patterns of effect sizes and heterogeneity 
of the included studies. To identify studies overly contrib-
uting to heterogeneity Graphic Display of Heterogeneity 
(GOSH) plots were developed, and sensitivity analysis was 
conducted excluding studies predominantly responsible 
for heterogeneity. Alternatively, when the limited number 
of studies precluded the possibility to perform influence 
analysis through GOSH plots, the leave-one-out method 
was used.

Fig. 2   PRISMA flow-diagram



3565Impact of resuscitative endovascular balloon occlusion of the aorta (REBOA) in traumatic…

1 3

Mixed-effects meta-regression models were developed 
to investigate the association between potential predictors 
of improved survival and effect size differences. For this 
purpose, only patients undergoing aortic occlusion through 
REBOA were considered in the analysis. Due to the insuf-
ficient number of included studies, the possibility to build 
multiple meta-regression was precluded. Therefore, the anal-
ysis was conducted exploring the moderators one by one.

Funnel plots were developed to explore publication bias, 
and Egger’s test of the intercept was used to quantify funnel 
plots’ asymmetry. Duval & Tweedie’s trim-and-fill method 
was adopted to estimate and adjust the number and outcomes 
of missing studies each time Egger’s test demonstrated sig-
nificant asymmetry.

Statistical analysis was conducted with R statistical soft-
ware (The Comprehensive R Archive Network—CRAN, 
ver. 4.0.0 × 64) [17], using “meta”, “metafor”, “robvis” and 
“dmetar” packages [18–21].

Results

Descriptive noncomparative analysis of included 
studies and primary endpoint

Eight studies [22–29] were included in the qualitative and 
quantitative analysis. All of them were retrospective except 
for the one published by Henry et al. [27]. The excluded 
studies were deemed ineligible due to lack of separated out-
come data for REBOA and control groups, type of hemo-
static procedure not specified in the control group, and over-
lapping series.

In total, 3215 patients were included in the meta-analysis. 
Six out of 8 studies were conducted in USA trauma centers. 
The mean age was 44.3 years. The male population repre-
sented 79.1% of patients. In 2083 cases (64.8%), patients 
suffered from blunt trauma. Further study groups character-
istics are reported in Table 1.

Primary endpoint

Meta‑analysis of binary outcomes: 24‑h and in‑hospital 
mortality

Five studies [22, 23, 25, 28, 29] reported 24-h mortal-
ity rates. Meta-analysis of binary outcomes pointed out 
a reduced, although non-significant, risk of death for 
patients undergoing AO through REBOA (RR 0.71; 95% 
CI 0.31–1.63; I2: 90.1%; p = 0.416). The pooled mortality of 
REBOA patients was 23.5% (95% CI 0.15–0.35).

All studies reported data regarding in-hospital mor-
tality. Meta-analysis of binary outcomes highlighted a 
reduced, although non-significant, risk of death for patients 

undergoing AO through REBOA (RR 0.90; 95% CI 
0.70–1.16; I2: 93.5%; p = 0.42). The pooled in-hospital mor-
tality of REBOA patients was 58.3% (95% CI 0.47–0.69). 
Four studies reported separated data regarding the aortic 
zone of balloon deployment. In the studies by Henry et al. 
[27], all the balloons were inflated in Zone 1, whereas in 
those by Asmar et al., Mikdad et al., and Frassini et al. 
[25, 28, 29] they were all deployed in Zone 3. Subgroup 
analysis pointed out a non-significant survival benefit for 
patients undergoing AO with REBOA in Zone 1 compared 
to ACC (RR 0.93; 95% CI 0.86–1.01). On the other hand, 
an increased, although not significant, mortality was noticed 
for patients undergoing AO in Zone 3 compared to EPP (RR 
1.13; 95% CI 0.62–2.09; I2: 71.2%).

Sensitivity analysis  After conducting sensitivity analysis 
through the leave-one-out method, we excluded the study by 
Mikdad et al. [28]. A significant survival benefit at 24 h for 
patients belonging to the REBOA group was noticed (RR 
0.46; 95% CI 0.27–0.79; I2: 55%; p = 0.005).

Regarding in-hospital mortality, GOSH plot analysis 
allowed to identify the studies by Bukur et al. and Henry 
et al. [26, 27] as the ones overtly contributing to heterogene-
ity. After their exclusion, no differences in risk of death were 
noticed between REBOA and control patients (RR: 0.99; 
95% CI: 0.75–1.32; I2:73%; p = 0.98). The pooled in-hospital 
mortality of REBOA patients after sensitivity analysis was 
62.7% (95% CI 0.52–0.72).

Subgroup analysis confirmed an increased mortality for 
patients undergoing AO in Zone 3 compared to EPP (RR: 
1.13; 95% CI 0.62–2.09; I2: 71%).

Meta-analysis of binary outcomes’ forest plots, before and 
after sensitivity analysis, is shown in Fig. 3. Meta-analysis of 
proportions’ forest plots, before and after sensitivity analy-
sis, is available in supplementary materials.

Secondary endpoints

Meta‑analysis of means: hemodynamic improvement 
and ISS

Only 4 studies [22, 24–26, 29] reported data regarding ED 
arrival SBP. The study by Abe et al. [22] was excluded from 
the analysis because it reported medians without interquar-
tile ranges; therefore computing means and SDs was not 
possible. The mean difference between REBOA and control 
groups was 6.9 mmHg (95% CI − 37.1 to 50.9; p = 0.65) 
(Fig. 4A).

Data regarding pre–post-procedural SBP were available 
only in 2 studies [26, 29]. The mean difference between 
SBP before and after the procedure was 6.7 mmHg (95% 
CI − 128.9 to 142.2; p = 0.64) for the control group and 
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44.7 mmHg (95% CI − 308 to 397.4; p = 0.35) for the 
REBOA group, respectively.

Only two studies [26, 29] reported data regarding post-
AO SBP. The mean difference between REBOA and con-
trol groups was 55.8 mmHg (95% CI − 119.7 to 231.4; 
p = 0.15) (Fig. 4B).

Seven studies [7, 24–29] reported information regard-
ing ISS in the two groups. We found a lower, although 
non-significant, mean ISS for patients undergoing 
REBOA compared to ACC (mean difference: − 2.97; 95% 
CI − 6.36 to 0.42; I2: 62.9%; p = 0.076) (Fig. 4C).

Three studies [24, 25, 28] reported data regarding 
transfusional requirement. A significant lower mean 
of pRBCs (mean difference: − 3.02; 95% CI − 5.79 to 
− 0.25; p = 0.033) was noticed for REBOA patients 
(Fig. 4D).

Meta‑analysis of binary outcomes: post‑procedural 
morbidity

Three studies [25, 26, 28] reported data regarding post-
procedural morbidity. The comparison between the two 
groups highlighted an increased risk of complications for 
patients undergoing AO with REBOA (RR: 1.66; 95% CI: 
0.39–7.14; p = 0.496) (Fig. 4D).

Meta‑analysis of prognostic factors related to survival

Meta-regression analysis showed that raising ISS (RR 1.14; 
95% CI 1.01–1.29; p = 0.035) and increasing number of 
transfused pRBCs (RR 1.15; 95% CI 1.03–1.28; p = 0.009) 
were the only variables significantly related to reduced sur-
vival. Year of publication, increasing SBP and HR at ED 
arrival as well as balloon deployment in Zone 3 were mod-
erators associated with a trend towards a reduction in the 
risk of death. Detailed results are displayed in Table 2. For-
est plots of secondary endpoints and bubble plots of meta-
regression analysis are available in supplementary materials.

Risk of bias assessment

Figure 5A summarizes the risk of bias evaluation accord-
ing to the latest version of the Cochrane Collaboration 
handbook. Serious risk of bias was detected in the domains 
“bias due to confounding” and “bias due to deviations from 
intended interventions”. Moderate risk of bias was found 
mainly in the domain “bias due to selection of participants”.

Assessment of publication bias

Egger’s test of 24-h mortality meta-analyses did not 
highlight significant asymmetry (p = 0.582), whereas 

Fig. 3   Forest plots of A 24-h mortality of REBOA vs control patients; B in-hospital mortality of REBOA vs control patients; C of REBOA vs 
control patients after sensitivity analysis; D in-hospital mortality of REBOA vs control patients after sensitivity analysis
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Fig. 4   Forest plots of secondary outcomes. A ED arrival SBP mean difference (mmHg); B post-AO SBP mean difference (mmHg); C ISS mean 
difference; D pRBCs transfused in the first 24-h mean difference; E post-procedural morbidity
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significant asymmetry was detected for in-hospital mortal-
ity (p = 0.012). Contour enhanced funnel plots of publication 
bias are reported in Fig. 5B–C.

Discussion

The present study was designed to evaluate the efficacy 
of REBOA compared to other temporary hemostatic 
techniques in hemodynamically unstable patients suf-
fering from major trauma with non-compressible torso 

hemorrhage. Our analysis evaluated the survival outcome 
of these patients, the hemodynamic improvement and the 
incidence of complications related to different treatments.

Compared to the largest systematic review and meta-
analysis published to date [9], the current manuscript has 
been designed to focus exclusively on the use of REBOA 
in exsanguination from major trauma.

Our results suggested a potential beneficial role of 
REBOA in NCTH, but several considerations must be made.

First, our analysis highlighted a significant beneficial 
role for patients treated with REBOA in terms of 24-h 

Table 2   Meta-regression 
analysis of prognostic factors

Variable Number of 
studies

RR 95% CI p I2 (%) R2 (%)

LB UB

Year of publication 10 0.86 0.69 1.07 0.183 89.6 1.6
SBP 4 0.98 0.91 1.05 0.621 83.6 0
ISS 9 1.12 0.99 1.28 0.073 86.7 17.1
pRBCs 5 1.06 0.89 1.24 0.5 93.5 0
FFPs 4 1.03 0.83 1.28 0.793 92.8 0
PPs 3 1.29 0.86 1.95 0.211 19.5 39.4
Zone of balloon deploy-

ment (Zone 3)
5 0.18 0.04 0.73 0.017 84.5 36.2

Fig. 5   A Barplot of risk of bias; Funnel plots of publication bias for 24-h (B), and in-hospital (C) mortality



3570	 S. Granieri et al.

1 3

mortality. Of notice, the original comparison including 
five studies failed to point out any significant difference 
and was burdened by severe heterogeneity (I2 = 88%). Sen-
sitivity analysis allowed us to detect the study published 
by Mikdad et al. as the one mainly contributing to hetero-
geneity. After excluding it, I2 value dropped to 55% allow-
ing the achievement of significant results with moderate 
heterogeneity. It should be kept in mind that the exclusion 
of the aforementioned study was not on purpose (to obtain 
results more favorable to REBOA), but it is the product 
of our statistical methodology that tends to achieve more 
homogenous results.

Regarding in-hospital mortality, no differences were 
found between the two groups, neither before, nor after 
sensitivity analysis. Subgroup analysis underlined a greater 
survival benefit for patients undergoing REBOA deployment 
in Zone 1 compared to ACC. Nevertheless, this finding was 
supported by the results of a single study [27]. Hemorrhagic 
patients managed with REBOA deployed in Zone 1 could 
be less severe than patients treated with standard damage 
control techniques, such as RT, a technique usually reserved 
to subjects who suffer from cardiac arrest or peri-arrest con-
dition. Anyway, no significant differences in mean ISS were 
found between the two groups in our analysis. Our findings 
reinforce what recently reported in the joint statement by 
Bulger et al. [30]; REBOA is indicated in case of hemor-
rhagic shock from traumatic bleeding below the diaphragm 
when patients are refractory to resuscitation.

Conversely, patients suffering mainly from pelvic ring 
disruption seem to benefit more from EPP. This represents 
one of the most debated topics of trauma surgery in recent 
years. The World Society of Emergency Surgery (WSES) 
2017 guidelines on pelvic trauma suggest to always consider 
EPP in patients with pelvic fracture-related hemodynamic 
instability, especially in the absence of an angiography ser-
vice [32]. This concept was already hypothesized by Burlew 
et al. [33] and confirmed by Frassini et al. [4]. On the other 
hand, the WSES panel states that REBOA in Zone 3 should 
be considered as a bridge to definitive treatment, but par-
tial should be preferred over total occlusion to decrease the 
risk of ischemic injuries. Such ambivalence may rely on the 
relative ease to perform both techniques, even in the Emer-
gency Department [34–36]. However, despite our results 
highlighted better outcomes for EPP patients compared to 
Zone 3 REBOA, it should be noted that to perform EPP, spe-
cific surgical skills are required, whereas REBOA placement 
can be performed even by other critical care professionals, 
such as anesthesiologists or emergency physicians. Another 
consideration that should be made is that one technique does 
not exclude the other: as a matter of fact, some authors [28] 
suggest that REBOA can be performed as a temporizing 
procedure en route to EPP.

Furthermore, the use of REBOA seems to be burdened by 
a greater, although not significant, morbidity compared to 
ACC/EPP. Our analysis highlighted a near twofold increased 
risk of complications including pseudoaneurysms, distal 
embolism, extremity ischemia, lower extremity compart-
ment syndrome and need for amputation.

Our results support a trend towards hemodynamic 
improvement for REBOA patients compared to other tem-
porary hemostatic procedures, although this result was not 
significant and burdened by a wide confidence interval. On 
the one hand, raising SBP represents a major goal in trau-
matic exsanguination to maintain adequate cerebral and 
cardiac perfusion. However, it should be kept in mind the 
non-negligible risk of fatal hemorrhage related to a sudden 
increase in SBP, especially in those patients with severe, 
unrecognized head and chest injuries. Elkbuli et al. [37] in 
a recent paper questioned whether an increase in SBP by 
REBOA may support or worsen traumatic brain injuries: 
improving cerebral perfusion is one of the REBOA targets, 
but at the same time, transient hypertension due to aortic 
occlusion may increase cerebral edema and intracranial 
pressure. Physiological sequelae must be considered when 
REBOA is compared to other damage control procedures. 
Some data, while underlining an increased coronary perfu-
sion, demonstrates non-negligible adverse effects as well [8]. 
REBOA, especially when complete occlusion is performed, 
produces variable degrees of mesenteric, hepatic, renal, 
spinal cord and lower extremity ischemia and induces an 
important ischemia–reperfusion injury when deflated[38].

Based on the aforementioned considerations, there is con-
sensus against REBOA use in case of bleeding site proximal 
to the left subclavian artery or originating from the neck, 
whereas no explicit contraindications are stated in case of 
chest hemorrhage [31, 39].

Another key point of our analysis is represented by trans-
fusion requirement: a significantly lower amount of pRBCs 
in the first 24 h was detected for patients undergoing AO 
through REBOA (3 units less than the control group). This 
finding supports the impact of REBOA as an effective bridge 
to definitive hemostasis.

Not surprisingly, meta-regression analysis identified rais-
ing ISS and increasing number of transfused pRBCs as the 
only potential predictors of reduced survival. Of notice, all 
the variables included in meta-regression analysis were bur-
dened by severe heterogeneity.

Considering our data and current evidence [30, 31] from 
the literature, we propose a new treatment algorithm to 
summarize abdominal and pelvic hemorrhage management 
(Fig. 6).

Our research is based on a strict methodology con-
sidering only torso trauma patients, and one of its main 
strengths is represented by robust statistics. Compared to 
previous similar meta-analyses [9, 40], our study not only 
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focuses selectively on trauma patients but encompasses 
recent evidences matching survival outcomes of REBOA 
inflated in Zone 3 and EPP patients. To the best of our 
knowledge, this is the first meta-analysis providing results 
of a direct comparison between Zone 1–3 REBOA and 
ACC-EPP. Similarly, it is the first to analyze the prog-
nostic effect of different variables on survival outcome of 
patients undergoing AO through REBOA.

However, several limitations need to be underlined. 
First, the retrospective or observational nature of the stud-
ies included, without a random assignment to a treatment 
arm, contributes to weakening the quality of our results. 
Furthermore, no high-quality studies (NOS ≥ 7) were pre-
sent in the current meta-analysis. On the other hand, it is 
worth noticing that designing a randomized control trial 
in the field of trauma and emergency surgery is extremely 
challenging. As a matter of fact, it is difficult to obtain 
similar treatment arms groups because of multiple vari-
ables influencing the outcomes, such as type and com-
bination of injuries, logistics of facilities, availability of 
hospital services, and of surgical/intensive care expertise. 
Ethical issues can also be a problem while drafting such 
kind of RCTs.

Directly connected to the retrospective/observational 
nature of the studies included is the issue regarding the risk 
of bias: in almost the totality of the studies included, seri-
ous risk of bias was detected in the domain “bias due to 
confounding”. On the other hand, it should be remembered 
that is extremely rare to find a low risk of this kind of bias 

in non-randomized studies. Furthermore, even though in 
small proportion (< 25%), serious risk of bias was detected 
also in the domain “bias due to deviation from intended 
intervention”.

Another major drawback is represented by the lack of 
a univocal definition of “non-responder” patient. Of note, 
neither in the latest version of ATLS [41], the volume of 
crystalloids and the exact number of blood units are well 
defined.

Furthermore, the time elapsed from ED admission to 
AO may affect the survival outcome of NCTH patients, 
but unfortunately, this kind of information is often missing 
across available publications.

Finally, the wide heterogeneity of included studies bur-
dens the quality of our results. Despite the strict selection 
criteria and advanced influence analysis techniques, the 
total variation across studies (I2) remained moderate. This 
may reflect, besides the unavoidable heterogeneity owing 
to chance, a prominent effect of systematic differences 
between the studies.

Our findings suggest that patients suffering from NCTH 
undergoing AO through REBOA may have an improved 
survival over the first 24  h. However, considering in-
hospital mortality, no survival advantage was detected in 
comparison to the control group.

Moreover, considering the subset of patients with iso-
lated pelvic injuries, Zone 3 REBOA may have a worse 
survival trend compared to EPP. Nevertheless, it should 
be observed that these results are not significant and based 

Fig. 6   Proposal of a new treatment algorithm for REBOA placement in NCTH patients with refractory hemorrhagic shock
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on the pooled results of only three studies for a total 466 
patients. Furthermore, mortality in pelvic ring fractures is 
multifactorial and often not only related to pelvic hemor-
rhage alone.

Conclusions

Due to the limited number, the high risk of bias (at least in 
several domains) and the wide heterogeneity of the included 
studies, we retain our findings should be interpreted with 
extreme caution. Based on all these considerations, it may 
be worth reading the present study as supporting the non-
inferiority of REBOA compared to open aortic occlusion 
rather than its superiority.

In this setting, REBOA may be considered as a first-line 
treatment option in case of multiple sites subdiaphragmatic 
hemorrhage in the presence of refractory hemodynamic 
instability. Nevertheless, the management of REBOA 
patients needs the expertise and the resources of tertiary 
referral trauma centers.
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