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Abstract
Purpose We studied the efficacy of usingpre-cesarean delivery (CD) temporary occlusion of internal iliac arteries with 
balloon catheters in case of placenta previa–accreta in terms of maternal and neonatal outcomes and to test accuracy of 
ultrasound (US) and magnetic resonance imaging (MRI) for prenatal diagnosis.
Methods From March 2014 to January 2018, women with an US and/or MRI diagnosis of placenta previa–accreta and a 
planned delivery were enrolled and divided into two groups: balloon catheterization group (women treated with preoperative 
catheters and CD) and control group (women candidates to elective CD).
Results 37 patients were enrolled: 16 in balloon catheterization group and 21 in control group. Significant differences were 
detected in estimated blood loss. Prophylactic balloon catheterization could reduce intraoperative red blood cell transfusion. 
The incidence of hysterectomy was lower in balloon group. No statistical difference was found for neonatal outcomes. Both 
US and MRI have showed to be useful and complementary to diagnose placenta previa–accreta.
Conclusions Temporal, perioperative, and prophylactic positioning of balloon vascular catheters is an effective method for 
managing severe hemorrhage caused by placenta previa–accreta as it reduced intraoperative blood loss, lessened periopera-
tive hemostatic measures and intraoperative red cell transfusions, and reduced hysterectomies.
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Introduction

Abnormally invasive placenta includes three pregnancy 
complications concerning the invasion of the placental villi 
into myometrium (placenta accrete and increta) or uterine 
serosa (placenta percreta) and, rarely, involves invasion of 
the surrounding organs. Abnormally invasive placenta may 
lead to major maternal and neonatal morbidity and mortality, 
representing a cause of obstetric hemorrhage [1, 2].

Incidence rate ranges between 1.7 and 90 per 10,000 
[3–5], with an increase related to the rise in cesarean deliv-
ery (CD), which is a well-established risk factor [3, 4, 6]. 
However, abnormally invasive placenta affects up to 38% of 
primiparous women, suggesting that other important etio-
logic factors may play a role in the process [2, 7]. In fact, 
consistent with previous studies, advanced maternal age 
[3, 4, 6, 7], placenta previa [3, 4, 6, 8], hypertension [9], 
and female fetal sex [10] were significantly associated with 
abnormally invasive placenta.

Current prenatal diagnosis rests on subjective interpreta-
tion of “typical” sonographic findings or signs with two-
dimensional (2D) gray-scale and color Doppler imaging 
[11].

The published literature is not univocal due to several 
problems in the definition, terminology, and diagnosis of 
this problem [12]. Therefore, to better define different imag-
ing markers, consensus statements, elaborated by experts, 
have been published with the goal to provide standardized 
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requirements for an ultrasound scan to diagnose placenta 
accreta disorders [13, 14].

Magnetic resonance imaging (MRI), although widely 
employed, has yet to demonstrate clearly a significant clini-
cal application [15]. Therefore, MRI is up to now only rec-
ommended as an adjunct to ultrasound imaging by many 
professional bodies throughout the world including the 
Royal College of Obstetricians and Gynaecologists (RCOG) 
in the UK [16]. Irrespective of the imaging modality used, 
prenatal diagnosis of placenta disorders remains crucial [17] 
to plan the best case-management strategy to minimize the 
risks associated with clinical and, especially, surgical treat-
ment, and to reduce maternal and perinatal morbidity.

Latest evidence of literature suggests that the manage-
ment of women with placenta disorders by multidisciplinary 
teams in centers of excellence decreases maternal morbidity 
and mortality when compared with standard obstetric care 
[18–21]. Therefore, an adequate multidisciplinary team, 
including, in addition to the obstetrician gynecologist, an 
anesthesiologist, a radiologist, a hematologist, an urologist, 
a vascular surgeon, and a neonatologist, is the key to reduce 
complications.

Conventional management of this kind of abnormal pla-
centation was cesarean hysterectomy with the placenta left 
in situ [22]. However, when there is a desire to preserve the 
uterus and fertility, alternative to hysterectomy is needed. 
Up to now, attempts to avoid hysterectomy include reduc-
ing intraoperative hemorrhage such as uterine compression 
sutures, intrauterine balloon tamponade, pelvic artery liga-
tion, and spiral suturing of the lower uterine segment.

Since the first case of clinical use of aortic balloon cath-
eter was reported in 1954 in Korea [23], the intravascular 
balloon catheter technique has been widely used to man-
age uncontrolled hemorrhage [24]. Recently, obstetrics has 
partnered with interventional radiology to use artery embo-
lization and balloon catheter occlusion, which are appealing 
for their reversible nature and ability to reduce intraopera-
tive blood loss. Data of literature report that the efficacy of 
prophylactic balloon catheterization (BC) of different target 
arteries is still debated [25–27], but BC of the internal iliac 
artery is less likely to induce complications such as limb and 
pelvic organ ischemia compared to aortic or common iliac 
artery BC [28].

In the present study, we evaluate the benefit of pre-
CD balloon catheters in case of placenta accreta in terms 
of maternal and neonatal outcomes. Primary outcomes 
included estimated blood loss (EBL), duration of surgery, 
surgery- and catheterization-related complications, trans-
fused blood product units, incidence of hysterectomy, 
number of intensive care unit (ICU) and neonatal intensive 
care unit (NICU) admissions, and Apgar scores at 1 and 
5 min after birth. The accuracy of ultrasound (US) and MRI 
to diagnose placental accretism, with intraoperative and 

histopathological finding intraoperative, was analyzed as 
secondary outcomes.

Materials and methods

Between March 2014 and January 2018, all women with 
US and/or MRI diagnosis of placenta previa–accreta and a 
planned delivery were recruited. Those with a bleeding dis-
order or who underwent emergency CD or delivered before 
32 week’s gestation were excluded. All the women in this 
study were fully informed of the benefits and complications 
of prophylactic internal iliac artery balloon catheterization 
by their doctors, and assigned to balloon catheterization 
group (cases) or control groups based on their willingness. 
Irrespective of treatment approach, signed consents were 
obtained. Because participants and doctors were aware of 
the assignment, the study was not double-blind so the data 
recorder and analyst were blinded to treatment groups to 
avoid bias.

The pregnancy-related characteristics considered for the 
study were: type of pregnancy (single or multiple), gesta-
tional age at CD, pregnancy complications (i.e., diabetes 
and preeclampsia), fertility treatments, loss of blood during 
pregnancy, placental localization, and modalities used to 
diagnose placenta accreta.

About 1 h before the scheduled CD, the balloon group 
underwent prophylactic internal iliac artery balloon cath-
eterization with interventional radiology preoperatively, fol-
lowing the introduction, according to Seldinger’s standard 
technique, of two 6-Fr balloon catheters transfemoral bilater-
ally up to iliac bifurcation with position a “kissing balloon”.

These maneuvers were performed under local anesthesia 
and fluoroscopy’s guide to verify the correct balloon posi-
tioning, with time ranging between 5″ and 35″ with 65–72 
kV and 0.5–0.7 mA/s. Fetal cardiac monitoring was per-
formed immediately before and after the entire procedure.

After catheterization, CD was performed [29], during 
which balloons were inflated with normal saline as the 
uterine incision was made. After delivery, the placenta was 
delivered spontaneously or by cord traction. Once hemosta-
sis was satisfied, the balloons were deflated and the uterus 
was sutured. Catheter removal was done after surgery com-
pletion by the same radiologist. Controls were treated the 
same way except for endovascular catheterization.

At least, two units of intraoperative of packed red blood 
cells for transfusion were required for all patients. In both 
groups, patients were administered uterotonic agents, such as 
oxytocin or carboprost trometamol, and hemostatic suturing 
and/or internal iliac artery (IIA) ligation were performed, 
if necessary. The indication for hysterectomy was uncon-
trolled bleeding despite the aforementioned surgical and 
medical interventions. In case of continuous not massive 
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bleeding, the patient underwent to uterine arterial emboli-
zation (UAE). Statistical analyses were conducted using the 
Biostat statistical program. The estimated sample size for the 
study time duration was between 40 and 260 based on the 
published incidence rates of 1 in 2500 and 1 in 553 [30, 31]. 
To compare patients’ characteristics and maternal and fetal 
outcomes, we used T test and the χ2 test. P value of < 0.05 
was considered statistically significant.

Results

From March 2014 to January 2018, 37 patients were 
enrolled. Sixteen cases underwent to prophylactic inter-
nal iliac artery balloon catheterization and CD (balloon 
group), and the remaining 21 cases underwent conven-
tional CD (control group). Demographic and obstet-
rical characteristics of women from two groups pre-
sented no statistical differences (Table 1). Table 2 shows 

intraoperative data. Significant differences were observed 
in estimated blood loss (EBL) (P = 0.03), rate of hyster-
ectomies, intraoperatively transfused RBC (P = 0.02), and 
the number of women transfused with any blood product 
(P = 0.02).

Among the two groups, no statistically significant dif-
ferences were noted concerning postoperative recovery 
days (mean 4.5 ± 1.2 versus 4.1 ± 0.8 in balloon group and 
control group, respectively), recoveries in intensive care 
unit (ICU) (18% in balloon catheterization group and 19% 
in control group), and surgical complications. Neonatal 
outcomes were also not significantly different (Table 3).

Concerning accuracy of preoperative imaging in diag-
nosis of placenta accreta, ultrasound examination was 
performed on all 37 patients, while MRI was integrated 
only in 20 of these cases. As shown in Table 4, US was 
able to diagnose or suspect placenta accreta in 4/14 cases 
confirmed in operating room and/or histopathological 
examination with a sensitivity of 38% and a specificity 
of 75% (false positive in 4/23 cases). Concerning MRI, 
this technique was able to diagnose or suspect placental 
accretism in 6/20 cases with a sensitivity of 30% and a 
specificity of 79% (false positive in 4/12 cases). US and 
MRI were consistent with the diagnosis in 62% of cases.

Table 1  Women’s demographic and obstetric characteristics

Balloon 
group 
(n = 16)

Control 
group 
(n = 21)

P

Age (year) 36.2 ± 6.2 36.5 ± 5.1 0.08
Gravida 3.5 ± 0.2 3.4 ± 0.2 0.07
Para 1.2 ± 0.4 0.9 ± 0.6 0.07
Gestational age (weeks) 34.9 ± 2.1 35.1 ± 3.5 0.06
Hb preoperative 11.4 ± 0.5 11.9 ± 1.3 0.08
Hb postoperative 9.5 ± 1.6 9.2 ± 1.4 0.09
Previous CD 0.7 ± 1.1 0.8 ± 1 0.09
Previous uterine surgery 

(myomectomies, cavity revi-
sions et al.)

6 8 0.09

Pregnancy complications 2 3 0.07
Fertility treatments 2 3 0.07

Table 2  Maternal outcomes 
among balloon group and 
control group

RBC red blood cell

Balloon group (n = 16) Control group (n = 21) P

RBC transfusion rate 8/16 (50%) 15/21 (72%) 0.02
Fresh frozen plasma, rate 3/16 (20%) 7/21 (35%) 0.13
Any transfused blood products 

intraoperation
9/16 (54%) 16/21 (76%) 0.02

Estimated blood loss (mL) 1120 1310 0.03
Hysterectomy (%) 2(13%) 4 (20%) 0.04
Recovery in ICU 3 (18%) 4 (19%) 0.09
Number of days in ICU 1.2 ± 0.8 1.3 ± 1.2 0.09
Postoperative recovery days 4.5 ± 1.2 4.1 ± 0.8 0.06
Operative time (min) 81.7 ± 21.1 48.2 ± 23.1 0.004
Surgical complications 1 (8%) 2 (11%) 0.08

Table 3  Neonatal outcomes

Balloon group Control group P

Gender, M/F 7/9 11/10 0.1
Birth weight, grams 2443 ± 427 2512 ± 603 0.08
Apgar 1′ 7.2 ± 0.9 7.4 ± 1.3 0.08
Apgar 5′ 9.1 ± 0.8 8.9 ± 1.4 0.18
Neonatal intensive care 

unit (NICU)
2/16 (12%) 4/21 (19%) 0.07



86 Archives of Gynecology and Obstetrics (2018) 298:83–88

1 3

Discussion

Prophylactic balloon (PB) catheterization is controversial 
and the literature reports different efficacies. A retrospective 
study of balloon catheter application for the abdominal aorta 
had postoperative complications 4.4% of the time, including 
arterial thrombosis and femoral nerve ischemic injury [27]. 
A Japanese study supported that BC for the common iliac 
artery was more effective than for the internal iliac artery 
due to the rich collateral uterine blood supply [28]. However, 
Mok et al. [32] stated that prophylactic internal iliac artery 
balloon catheterization could reduce intraoperative blood 
loss and improve the operating field due to decreased pulse 
pressure distal to the occlusion site.

Fan et al. [22] revealed that prophylactic internal iliac 
artery balloon catheterization can not only significantly 
reduce intraoperative blood loss for women with placenta 
accreta, especially with an anterior or anteroposterior pla-
centa, but also lessen intraoperative RBC transfusion with-
out serious adverse maternal or neonatal outcomes.

Recently, of 385 studies identified by Shahin et al., 69 
(1811 patients, mean age 32.9 years, range 23–39 years) 
were included in a review and meta-analysis [33]. 
Mean gestational age at delivery was 35.1 weeks (range 
27–38 weeks). Of 1395 patients who underwent endovas-
cular intervention, 587 (42%) had placenta accreta, 254 
(18%) placenta increta, and 313 (22%) placenta percreta. 
Prophylactic balloon occlusion of the internal iliac arter-
ies (PBOIIA) was performed in 470 patients (33.6%), of 
the abdominal aorta (PBOAA) in 460 patients (33%), of 
the uterine artery (PBOUA) in 181 patients (13%), and 
of the common iliac arteries (PBOCIA) in 21 patients 
(1.5%). Primary embolization of the UA was performed 
in 246 patients (18%), of the pelvic collateral arteries in 12 
patients (0.9%) and of the anterior division of the IIA in 5 
patients (0.3%). Follow-up ranged from 0.5 to 42 months. 
Endovascular intervention was associated with less blood 
loss than no endovascular intervention (P < 0.001) with 

the lowest blood loss volume in patients who underwent 
PBOAA (P < 0.001). PBOAA was associated with a lower 
rate of hysterectomy (P = 0.030). Endovascular interven-
tion did not result in increases in operative time or hospital 
stay. The study concludes that endovascular intervention is 
effective in controlling hemorrhage in abnormal placenta-
tion deliveries. PBOAA was associated with a lower rate 
of hysterectomy and less blood loss than other modalities.

In our study, we have reported several advantages related 
to the prophylactic positioning of endovascular catheters in 
the treatment of placenta accreta.

In particular, a statistically significant difference was 
found in EBL, percentage of hysterectomy, intraoperative 
transfusions in favor of balloon group. In addition, this tech-
nique resulted safe; in fact, no complications related to the 
use of endovascular catheters have been reported. Even with 
respect to the neonatal outcomes and the risk of fetal expo-
sure to radiation, there are wide safety margins. In fact, the 
positioning of catheters at aortic bifurcation level, required 
fluoroscopy to a maximum time of 35 s, so the resulting fetal 
absorption dose would be about 0.7 mGy. In the literature, 
the risk of fetal malformation is significantly increased for 
doses higher than 0.15 Gy [34], while the risk of infantile 
cancer only differs by 0.05% among exposed and non-radi-
olabeled children [35].

The strengths of our study are several:

– the reversibility of the adopted technique;
– the chance of using the catheter, left in situ, in most cases 

for at least 12 h for checking post-partum bleeding;
– the choice of performing both the radiological and the 

surgical procedures in the same operating room with the 
entire dedicated multidisciplinary team and a consequent 
reduction in operating times.

Another important key point is the prenatal diagnosis, 
essential for planning the optimal management strategy. 
Both ultrasonography and magnetic resonance imaging have 
proved useful and complementary in diagnosing placental 
placenta. An examination has not been better than the other, 
according to the literature’s data.

Based on our results, we propose the use of MRI not 
as a second level investigation in those cases suspected or 
inconclusive at US. In fact, it is important to perform both 
exams in patients with placenta previa and also in women 
with two previous CD, due to their high risk of placental 
abnormalities. The MRI also can properly evaluate the 
topography of the placenta and possible invasion of the 
surrounding organs. We should, however, highlight several 
weaknesses in the present study. First, a limited number of 
patients were recruited. In addition, the analysis is limited 
by including one center, but it is strong due to having the 
same multidisciplinary team to manage all women under the 

Table 4  US and MRI performance in diagnosis of placenta accrete

Surgical/histopathological findings

Negative Positive Total

Ultrasound
 Positive 2 3 5
 Negative 19 10 29
 Suspective 2 1 3

MRI
 Positive 1 3 4
 Negative 8 2 10
 Suspective 3 3 6
 Not performed 7 10 17
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same management protocol. Ideally, this reduced potential 
operator-dependent bias.

Conclusion

In summary, based on our results and the reported latest 
evidence of literature, temporal, perioperative, and prophy-
lactic positioning of balloon vascular catheters is a valid 
treatment for controlling and reducing blood loss and the 
need for transfusions in patients with placenta accreta. Even 
if, prospective randomized trials are needed to standardize 
the procedure and to draw accurate conclusions, concerning 
the feasibility of this procedure in clinical practice.
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