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hemorrhage control in pregnant woman with diagnosis of 
morbidly adherent placenta undergoing elective cesarean 
delivery. In two studies, REBOA was deployed in patients 
already in established hemorrhagic shock at the moment 
of cesarean delivery. REBOA was deployed primarily by 
interventional radiologists; however, one study reported 
a surgeon as the REBOA provider. The results from our 
qualitative synthesis indicate that the use of REBOA during 
cesarean delivery resulted in less blood loss with a low rate 
complications occurrence.
Conclusion REBOA is a feasible, safe, and effective means 
of prophylactic and remedial hemorrhage control in pregnant 
women with abnormal placentation undergoing cesarean 
delivery.

Keywords Acute care surgery · REBOA · Endovascular 
procedures · Placenta accreta · Abnormal placentation

Abstract 
Purpose Prophylactic placement of endovascular balloon 
occlusion catheters has grown to be part of the surgical plans 
to control intraoperative hemorrhage in cases of abnormal 
placentation. We performed a systematic literature review to 
investigate the safety and effectiveness of the use of REBOA 
during cesarean delivery in pregnant woman with morbidly 
adherent placenta.
Methods A systematic review was performed. Relevant 
case reports and nonrandomized studies were identified 
by the literature search in MEDLINE. We included stud-
ies involving pregnant woman with diagnosis of abnormal 
placentation who underwent cesarean delivery with REBOA 
placed for hemorrhage control. MINORS’ criteria were used 
to evaluate the risk of bias of included studies. A formal 
meta-analysis was not performed.
Results Eight studies were included in cumulative results. 
These studies included a total of 392 patients. Over-
all, REBOA was deployed in 336 patients. Six studies 
reported the use of REBOA as an adjunct for prophylactic 
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Background

Morbidly adherent placenta (MAP), which includes accreta, 
increta, and percreta, is a leading cause of postpartum hem-
orrhage [1, 2]. MAP becomes clinically problematic at the 
moment of delivery, since it is associated with an increased 
risk of major hemorrhage and thus with poor maternal out-
comes [3, 4]. In recent years, there has been an increasing 
interest in the multidisciplinary care of these patients [5], 
and the trauma and acute care surgeon could play a vital role, 
not only as a “Surgical Rescuer” [6] but also as a fundamen-
tal component of the elective surgical care.

The use of endovascular technology in the management 
of patients with MAP has grown to be part of the surgical 
plans to control intraoperative bleeding. Recent evidence 
suggests that prophylactic preoperative placement of bal-
loon catheters in the abdominal vasculature supplying the 
uterus results in better outcomes among woman with MAP 
[7–15]. Surgical options available to minimize blood loss 
include proximal occlusion of the internal iliac arteries and 
occlusion of the infrarenal abdominal aorta.

Recently, there has been renewed interest in REBOA, 
especially from trauma surgeons. REBOA has reappeared as 
a safe and effective intervention in the management of torso 
hemorrhage [16, 17]. Data from a systematic review con-
ducted by Morrison et al. [17] found five conditions in which 
REBOA has been used: postpartum hemorrhage, upper gas-
trointestinal bleeding, tumor surgery, traumatic hemorrhage, 
and ruptured abdominal aortic aneurysms. This review high-
lighted the feasibility and utility of the prophylactic use of 
REBOA in the prevention of postpartum hemorrhage. How-
ever, little is known about the clinical effectiveness of the 
use of REBOA in cases of MAP. We performed a systematic 
literature review to investigate the safety and effectiveness of 
the use of an REBOA during cesarean delivery in pregnant 
woman with morbidly adherent placenta.

Methods

The protocol for this systematic review was performed 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols (PRISMA-P) guide-
lines [18]. The systematic review was conducted according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [19]. This study 
is part of a project approved by the institutional review board 
at la Fundacion Valle del Lili University Hospital in Cali, 
Colombia (Protocol number 374).

Our PICO strategy was as follows: Patients: pregnant 
women with diagnosis of morbidly adherent placenta 
(accreta, increta, and percreta); Intervention: use of resusci-
tative endovascular balloon occlusion of the aorta (REBOA) 

at the moment of cesarean delivery; Comparison: traditional 
cesarean delivery without REBOA placement/no compari-
son; Outcomes: Blood loss and REBOA deployment-related 
complications. For this strategy, the proposed systematic 
review responded de following questions:

1. What is the role of REBOA in the management of preg-
nant woman with morbidly adherent placenta?

2. Is there a definitive advantage of REBOA when used 
in the management of pregnant women with morbidly 
adherent placenta?

Inclusion criteria

All published case reports and nonrandomized studies 
without comparison group on aortic balloon occlusion 
catheters (REBOA) deployed in pregnant woman with 
morbidly adherent placenta undergoing cesarean delivery 
were included. In the case of nonrandomized studies with a 
comparison group, the REBOA group had to be compared 
to a group of traditional cesarean delivery without aortic 
occlusion. Articles considered relevant were selected for 
review. We excluded publications that included patients with 
other conditions who underwent intravascular aortic balloon 
occlusion procedures, and those where the occluded artery 
was not the aorta.

Search methods

A literature search was performed in MEDLINE from incep-
tion to February 2017. The following terms were used and 
combined: “placenta accreta”, “placenta percreta”, “placenta 
increta”, “abnormal placentation”, “placental diseases”, 
“balloon occlusion”, “aortic occlusion”, “endovascular 
procedures”, and “REBOA”. Only articles in English were 
reviewed.

Study selection and data collection

Two individuals independently assessed the titles and 
abstracts identified by the searches for potential eligibil-
ity, and the full-text articles were retrieved for those that 
appeared relevant. Relevant studies were reviewed in detail 
by two investigators (RMN and MPN) who extracted the 
data. Disagreements were resolved by consensus or by a 
third independent reviewer (CAO).

The following information was independently extracted 
using a standardized form: study design, geographic loca-
tion, authors names, title, objectives, inclusion and exclusion 
criteria, REBOA information on arterial access, deployment 
method, complications, and endovascular providers; defini-
tion of outcomes and outcomes measures.
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Risk of bias

The internal validity of each nonrandomized study included 
in this review was critically evaluated for bias according 
to the methodological index for nonrandomized studies 
(MINORS) [20, 21], which covers 12 domains through 
which bias might be introduced into a nonrandomized study. 
Each domain is scored as 0 (red) if not reported (high risk 
of bias); 1 (yellow), reported but inadequate (unclear risk 
of bias); and 2 (green), reported and adequate (low risk of 
bias).

Data analysis

Data were extracted as presented in individual studies. All 
statistical analyses were performed using Stata Statistical 
Software (StataCorp LLC, TX, USA). A formal meta-anal-
ysis (quantitative synthesis) was not appropriate because of 
the quality and heterogeneity of the studies.

Results

Qualitative synthesis

We identified 95 unique records from our searches, of which 
14 publications were eligible to be included in our system-
atic review. After applying inclusion and exclusion crite-
ria, eight studies were included in our qualitative synthesis 
(Fig. 1).

Included studies were published between 1995 and 
2016. These studies included a total of 392 patients 
(range = 1–392). Studies included were case reports (n = 4) 
[22–25], case series (n = 2) [13, 26], and retrospective cohort 
studies (n = 2) [14, 15] (Table 1).

Placenta accreta was the most common diagnosis in the 
nonrandomized studies. Placenta percreta was diagnosed 
in 32% of patients (n = 111/347). The abnormal placenta 
was diagnosed in the prenatal period in six studies [13–15, 
24–26]. On these studies, the diagnostic method of choice 
was MRI or ultrasound. In two of the case reports included, 
the abnormal placenta was not diagnosed in the prenatal 
period, and instead, the diagnosis was made at the moment 
of cesarean delivery [22, 23].

Overall, REBOA was deployed in 336 cases of MAP. Six 
studies (two case reports [24, 25], two case series [13, 26], 
and two retrospective cohort studies [14, 15]) reported the 
use of REBOA as an adjunct for prophylactic hemorrhage 
control in pregnant woman with diagnosis of MAP undergo-
ing elective cesarean delivery. In these studies, the REBOA 
was inserted before the cesarean section. In two case reports 
[22, 23], REBOA was deployed in pregnant women already 

in established hemorrhagic shock at the moment of cesarean 
delivery as a therapeutic method for hemorrhage control.

An interventional radiologist deployed REBOA in seven 
studies. In these studies, REBOA was inserted by a standard 
Seldinger technique. One study [22] reported the insertion of 
REBOA by surgical cutdown and performed by a transplant 
surgeon. REBOA was inserted through the right femoral 
artery in five studies [13, 15, 24–26]. One study reported 
the use of the left femoral artery [22] and two studies [14, 
23] did not report data about arterial access. REBOA was 
inflated in zone III of the aorta (infrarenal aorta) in all stud-
ies. Fluoroscopy was used to confirm correct REBOA place-
ment in six studies (Table 1).

The REBOA was inflated immediately after fetal delivery 
and umbilical cord clamping in four studies [13–15, 26]. In 
the reports by Masamoto [25] and Paull [24], the REBOA 
was inflated when major bleeding began. Three studies 
reported length of occlusion. Duan et al. [13], Benedetti 
et al. [14], and Wu et al. [15] reported averages occlusion 
times of 22, 32, and 23 min, respectively.

Fig. 1  Flowchart according to PRISMA guidelines
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Our outcomes of interest were blood loss and REBOA 
deployment-related complications. Two studies compared 
(retrospectively) the prophylactic use of REBOA with the 
traditional cesarean delivery. In these studies, the preop-
erative placement of a REBOA resulted in lower volumes 
of estimated blood loss [Panici [14]: REBOA = 950 ml 
vs. traditional cesarean delivery = 3375  ml; p < 0.001. 
Wu [15]: REBOA = 921 ml vs. traditional cesarean deliv-
ery = 2790 ml; p < 0.001]. Three studies reported data on 
postoperative complications. In overall, complications likely 
to be related to the arterial access occurred in two patients 
[26] (Table 1). No other REBOA-related complications or 
maternal deaths occurred.

Risk of bias

MINORS criteria [20] were used to assess the risk of bias of 
the selected articles. Results from the risk of bias assessment 
are listed in Fig. 2. Case reports were not evaluated for risk 
of bias as these studies have an inherited high risk of bias.

Discussion

The present systematic review provides clinical informa-
tion supporting the use of an REBOA for the prevention 
and management of massive maternal hemorrhage in cases 
of abnormal placentation. In summary, we found eight stud-
ies that reported the use of an REBOA in 336 cases of MAP. 

Our qualitative synthesis found that REBOA is a feasible 
option, not only as a therapeutic strategy for hemorrhage 
control in established hemorrhagic shock but also for pro-
phylactic hemorrhage control in pregnant woman undergo-
ing elective cesarean delivery.

Two studies [14, 15] included in this systematic review 
provided a head-to-head comparison between the traditional 
cesarean delivery and cesarean delivery with prophylactic 
zone III aortic REBOA occlusion. These studies showed 
that REBOA is a safe and effective strategy to control major 
bleeding and results in lower values of blood loss in cases of 
MAP. The previous studies evaluating the use of endovascu-
lar balloon occlusion catheters for the occlusion of the iliac, 
uterine, or hypogastric arteries observed inconsistent results 
on whether these devices could positively affect maternal 
outcomes, especially those related to perioperative hem-
orrhage [7, 8, 10, 11, 27, 28]. Although the placement of 
intravascular balloon occlusion catheters has been performed 
at several levels of the pelvic vasculature, the occlusion of 
these arteries could result in suboptimal hemostasis, as there 
is a rich collateral circulation within the pelvic vasculature 
[29]. To date, one study [30] has tested the efficacy of tem-
porary abdominal aortic occlusion compared to internal iliac 
artery occlusion for the management of placenta accreta. 
This study found that temporary abdominal aortic balloon 
occlusion resulted in better clinical outcomes with less blood 
loss and blood transfusion.

The present review found that the femoral artery was 
the preferred vessel used to access the aorta. The femoral 

Fig. 2  Graphic representation 
of the risk of bias following 
MINORS criteria
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artery is a larger caliber artery that allows the introduction 
of larger size catheters; therefore, femoral access is the pre-
ferred vascular access for REBOA insertion [31]. As for 
access methods, only one study reported the insertion of 
REBOA through open-cutdown. Now, concerning the for-
mer, data from the AAST prospective aortic occlusion for 
resuscitation in trauma and acute care surgery (AORTA) 
registry [31] found that REBOA insertion by open-cutdown 
was necessary in 50% or more of cases. In this report, the 
patients were trauma victims and primarily hypotensive in 
whom percutaneous insertion was difficult. In contrast, most 
of the patients (n = 390/392) included in our qualitative syn-
thesis were without signs of shock at the moment of cesarean 
delivery. Therefore, in pregnant women going to elective 
cesarean delivery, percutaneous access seems to be a safe 
and feasible mode of vascular access for REBOA insertion. 
However, femoral access via cutdown should be reserved 
for pregnant women in established hemorrhagic shock as 
this method has shown the most favorable success rates in 
hypotensive patients [17].

REBOA deployment was guided by fluoroscopy in 
eight studies, and two studies reported a clinical method of 
deployment. Although fluoroscopy was the most common 
method, several reports have shown that REBOA deploy-
ment can be performed using only external landmarks 
without any imaging [31–33] (Fig. 3). Moreover, previous 
research on the utility of fluoroscopy in obtaining common 
femoral artery access has demonstrated that its use does not 
increase the probability of successful femoral artery can-
nulation [34, 35].

One study included in this systematic review reported 
the insertion of the REBOA performed by a surgeon [22]. 
Historically, backgrounds of endovascular providers have 
included cardiologists, vascular surgeons, and interventional 
radiologist. Although interventional radiologists were the 
most common endovascular providers in this systematic 
review, the experience from trauma reports has demonstrated 

that trauma and acute care surgeons can successfully per-
form REBOA maneuver. In addition, there are well-recog-
nized courses designed to provide fundamental endovascular 
skills for surgeons [36, 37]. Therefore, the trauma and acute 
care surgeon could be introduced into the multidisciplinary 
teams for the care of patients with MAP as the REBOA 
provider.

This systematic review provided clinical information 
supporting the use of an REBOA in cases of MAP. How-
ever, there are still unanswered questions. First, although 
our systematic review reported a low rate of adverse events 
among included patients, studies from Japan [38] sug-
gest that REBOA may be associated with serious adverse 
events, especially artery thrombosis, and limb ischemia. As 
the pregnancy is a state characterized by many physiologi-
cal and hematological changes, further studies on adverse 
events, which take these variables into account, will need to 
be undertaken. Second, future studies should evaluate the 
effect of including trauma surgeons with added endovascular 
skills’ qualifications into the multidisciplinary teams for the 
care of patients with MAP.

Conclusions

REBOA is a safe and effective intervention to be performed 
in patients with MAP. This systematic review provided 
information on the feasibility and effectiveness of REBOA, 
for both, as a remedial and therapeutic strategy for hemosta-
sis support during cesarean delivery of patients with MAP. 
As the landscape of the trauma surgeon has changed over 
the last years [6, 39], our qualitative synthesis results could 
add to further progress in the fields of acute care surgery.
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