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Abstract
Aim: To evaluate the safety and e�cacy of balloon occlusion at the Zone II aorta for the management of
morbidly adherent placenta.

Methods: From September 2015 to October 2018, a total of 80 consecutive patients who were prenatally
diagnosed with morbidly adherent placenta were assigned into two groups: the balloon occlusion group
(n=40) and the non-balloon occlusion group (n=40).

The intraoperative estimated blood loss, blood transfusion, urine output, serum creatinine (Scr), blood
urea nitrogen (BUN) and hysterectomy rate were recorded and compared between the two groups.

Results: The estimated blood loss in the balloon occlusion group was signi�cantly lower than that in the
non-balloon occlusion group (811.75±299.93 ml vs 1529.75±808.01 ml, P<0.001). The median amount of
packed RBCs transfused in the balloon occlusion group and non-balloon occlusion group was 0 U and 2
U, respectively (P=0.001). The women in the former group had a lower blood transfusion rate than those
in the latter group (30% vs 57.5%, P=0.013). Hysterectomy occurred in none in the balloon occlusion
group but in 6 patients in the non-balloon occlusion group (P=0.011).

Conclusion: The middle abdominal aorta (Zone II) is not a forbidden zone for occlusion as long as the
single occlusion time is limited to 15 mins. Balloon occlusion at the Zone II aorta can effectively reduce
blood loss, transfusion requirements and hysterectomy rates in patients with morbidly adherent placenta.

Introduction
Morbidly adherent placenta (MAP) remains a major cause of the most severe postpartum haemorrhage
and maternal mortality in the world. MAP includes placenta accreta, increta, and percreta, which refer to
the status of placental villous invasion of the myometrium and serosa or even attachment to adjacent
organs such as the bladder. If placental tissue cannot be completely separated from the uterus during
caesarean section, massive bleeding often leads to poor visualization of the operation �eld,
coagulopathy, disseminated intravascular coagulopathy (DIC), uterine hysterectomy and even maternal
death[1, 2]. Caesarean hysterectomy remains the mainstream management approach to reduce the
incidence of maternal death[3].

Recently, the use of endovascular technology in dealing with MAP has grown to be an important part of
the surgical plans to control intraoperative bleeding and preserve the uterus. The value of temporary
bilateral occlusion of the common iliac arteries and internal iliac arteries in controlling intraoperative
bleeding has been demonstrated by many researchers[4, 5]. Furthermore, some authors advocate
temporary balloon occlusion of the abdominal aorta owing to its impressive results in reducing the
estimated blood loss and hysterectomy rate[6, 7]. Manzano-Nunez R et al. performed a systematic review
and concluded that resuscitative endovascular balloon occlusion of the aorta (REBOA) was a feasible
therapeutic strategy option for prophylactic haemorrhage control in 336 pregnant women with MAP
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undergoing elective caesarean delivery[8]. Many studies have veri�ed the safety and e�cacy of caesarean
delivery with prophylactic zone III aortic REBOA occlusion in women with MAP. REBOA has reappeared as
a safe and effective intervention not only in the management of torso haemorrhage but also in the
control of massive haemorrhage in cases of MAP[8, 9].

The aortic occlusion area is often divided into three areas: zone I, from the left subclavian artery opening
to the celiac artery (upper abdominal aorta); zone II, from the celiac artery to the lowest renal artery
(middle abdominal aorta); and zone III, from the lowest renal artery to the bifurcation of the abdominal
aorta (lower abdominal aorta). At present, there are many disputes regarding the clinical application of
balloon occlusion of the abdominal aorta. Scholars generally believe that the middle abdominal aorta is
not suitable for occlusion, as there are many branches of visceral blood vessels. A previous study we
performed showed that less blood loss in the group of prophylactic balloon occlusion of the abdominal
aorta (PBOA) at the level of the renal artery than the group of PBOA at the zone III [10]. The natural
collateral circulations to the uterus such as ovarian artery, rectal, external iliac and inferior mesenteric
arteries have been reported by many scholars [11–16].

In clinical practice, there is no uniform standard for the duration of blood �ow occlusion. A longer period
of balloon occlusion will cause ischemia-reperfusion injury (IRI), which will lead to organ failure. However,
a shorter period of occlusion will affect the procedure of operation and increase the amount of blood
loss. Funahashi Y demonstrated that irreversible damage occurred when ischemia time ≥ 25min[17]. In
the present study, we wanted to verify the safety and e�cacy of zone II aortic balloon occlusion for
15min in patients with morbidly adherent placenta. Data on renal function, estimated blood loss, packed
RBC transfusion and uterus conservation rate were collected and analysed.

Materials And Methods
From September 2015 to October 2018, a total of 80 patients diagnosed with MAP in our tertiary referral
centre were assigned into two groups: the balloon occlusion group (n = 40) and the non-balloon occlusion
group (n = 40). Women in the balloon occlusion group had temporary prophylactic zone II aortic balloon
occlusion performed prior to caesarean section. The inclusion criteria were as follows: (a) prenatal
diagnosis of morbidly adherent placenta by Doppler ultrasonography or MRI, con�rmed by intraoperative
or postoperative pathologic examination; (b) pregnancy length more than 32 weeks; (c) complete clinical
data; and (d) desire to preserve fertility. Informed consent was obtained from all patients and their
families before surgery. The study conformed to Declaration of Helsinki and was approved by the
institutional ethics committee. Written informed consent was obtained from all of the patients before
therapy. Given the retrospective nature of the study and the use of anonymized data, requirements for
informed consent were waived.

Procedure
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All procedures were carried out in a hybrid operation room equipped with a C-arm for digital subtraction
angiography (DSA). The same multidisciplinary team performed all the obstetric procedures and
radiological investigations. General or epidural anaesthesia without premedication was administered as
deemed appropriate by the anaesthesiologist[12]. First, an 8-F arterial sheath (Bard Peripheral Vascular
Inc., USA) was placed in the right common femoral artery with the use of the Seldinger technique. Then,
angiography was performed through a 5-F pigtail catheter (Cook, Bloomington, IN, USA) to locate the
origin of the renal arteries. The commonly used balloon catheters with sizes of 8 F, 40 × 16 mm and 40 ×
18 mm (Bard Peripheral Vascular, Tempe, AZ, USA) were introduced into the Zone II aorta under
�uoroscopic guidance, and the upper tip of the balloon was placed at the origin of the upper renal artery.
As soon as the baby was delivered, the occlusion balloons were in�ated. Once the pulse oximeter
decreased to 0 in the distal foot toe monitor, effective occlusion was obtained. With the aid of balloon
occlusion, obstetricians were then able to separate the placenta from the uterine wall with bloodless
visualization of the operating �eld. The single occlusion time was 15 minutes with a 1-minute interval.
During this interval, the uterine cervix was blocked with an elastic tourniquet. If satisfactory haemostasis
was not achieved, angiography of the uterine arteries was required, and uterine artery embolization was
performed when necessary. Occasionally, ovarian artery embolization was performed to achieve
haemostasis. Finally, the sheath was removed, and manual compression was applied to the puncture
sites for at least 15 mins.

The procedures for caesarean section in both groups were the same. Some haemostasis methods, such
as contractile drug injection, local suture ligation, uterine artery ligation and B-Lynch suture, were
performed to achieve haemostasis during caesarean section. Given the high risk of delayed postpartum
haemorrhage and pelvic infection, it is not recommended to leave the placenta in situ. The obstetrician
then surgically excised as much of the placenta as possible along with the myometrium or serosa and
restored the integrity of the uterus. If bleeding was not controlled after all of the methods above, a
subtotal hysterectomy was then performed.

Outcome Measures
The primary outcome was intraoperative blood loss. The secondary outcomes included the amount of
packed RBCs transfused, serum creatinine, blood urea nitrogen, urinary volume, the rate of hysterectomy,
foetal radiation exposure and maternal complications.

Statistical analysis
Statistical analysis was performed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Continuous data are
expressed by the mean ± the SD or the median (range). Categorical variables are expressed as
percentages. An independent-sample t-test or the Mann–Whitney U test was used to evaluate intergroup
differences. Categorical variables were expressed as percentages, and the chi-squared test or Fisher’s
exact test were used for determining the differences. P < 0.05 was considered statistically signi�cant.
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Results
The demographic and obstetric characteristics of the two groups were similar, as listed in Table 1. The
mean ages were 32.75 ± 3.78 years and 32.47 ± 4.19 years in the balloon occlusion and non-balloon
occlusion groups, respectively, P > 0.05. The gestational ages did not differ (35.63 ± 1.11 wks vs 35.51 ± 
1.18 wks, P > 0.05). The types of MAP were 15, 15, and 10 cases of placenta accrete, increta and percreta,
respectively, in the balloon occlusion group and 16, 17 and 7 cases, respectively, in the non-balloon
occlusion group (P > 0.05).

Table 1
Demographic and obstetric characteristics of the two groups

  Balloon group (n = 40) Non-balloon group (n = 40) P

Age (y) 32.75 ± 3.78 32.47 ± 4.19 0.780

Gestational age (wk) 35.63 ± 1.11 35.51 ± 1.18 0.649

Weight gain during pregnancy (kg) 14.32 ± 3.87 13.97 ± 3.97 0.691

BMI (kg/m2) 26.65 ± 2.03 27.36 ± 1.62 0.091

Gravidity 2.5 (2–3) 2.5 (2–3) 0.836

Prior caesarean section 1 (0–1) 1 (0–1) 0.884

Parity 0.5 (0–1) 0.5 (0–1) > 0.999

Placental types     0.709

accreta 15 16  

increta 15 17  

percreta 10 7  

The estimated blood loss in the balloon occlusion group was signi�cantly lower than that in the non-
balloon occlusion group (811.75 ± 299.93 mL vs 1529.75 ± 808.01 mL, P < 0.001). The median amount of
packed RBCs transfused in the balloon occlusion group and non-balloon occlusion group was 0 U and 2
U, respectively (P = 0.001). The women in the balloon occlusion group had a lower blood transfusion rate
than those in the non-balloon occlusion group (30% vs 57.5%, P = 0.013). Subtotal hysterectomy was
performed in 6 patients (15%) in the non-balloon occlusion group but in none (0%) in the balloon
occlusion group, indicating a signi�cant difference (P = 0.011). However, no signi�cant intergroup
differences were noted in terms of serum creatinine (Scr) and blood urea nitrogen (BUN) (P = 0.365 and
0.634, respectively). Urine output was 997.00 ± 344.75 ml and 968.75 ± 358.15 ml in the balloon and non-
balloon occlusion groups, respectively, and no intergroup differences existed (P > 0.05). There was no
difference in mean birth weight or Apgar score (> 7) at 1 min between the two groups (all P > 0.05). In the
balloon occlusion group, the foetal radiation exposure was 5.05 ± 1.08 mGy, and one woman had
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thrombosis in the right femoral artery and recovered after thrombolysis and anticoagulation therapy
before discharge. No other complications related to balloon occlusion occurred in this study (Table 2).

Table 2
Patient characteristics and outcomes

characteristic Balloon group (n = 40) Non-balloon group (n = 40) P

Estimated blood loss (mL) 811.75 ± 299.93 1529.75 ± 808.01 < 0.001

Blood transfusion 12 (30%) 23 (57.5%) 0.013

Packed RBCs transfused (U) 0 (0–2) 2 (0–4) 0.001

Hysterectomy 0 6(15%) 0.011

Serum creatinine level (µmol/L) 36.00 ± 3.86 35.15 ± 4.45 0.365

Blood urea nitrogen (mmol/L) 3.35 ± 0.82 3.43 ± 0.64 0.634

Urine output (mL) 997.00 ± 344.75 968.75 ± 358.15 0.720

Apgar score > 7 at 1 min 38 40 (100%) 0.093

Mean birth weight (g) 2611.50 ± 365.20 2678.00 ± 328.26 0.394

Foetal radiation exposure 5.05 ± 1.08 mGy -  

Thrombosis in RFA 1 -  

All 80 women received telephone follow-up for 12–15 months after delivery. In all patients, the uterus was
gradually restored to the same size as before, as determined through ultrasonography. In all patients, no
postpartum infection or vaginal bleeding occurred, and menstrual cycles were all restored.

Discussion
Placenta accreta represents a main cause of obstetric massive haemorrhage. Although conservative
management, such as intrauterine tamponade and B-Lynch suture, is effective to some extent, caesarean
hysterectomy remains the mainstream treatment to reduce maternal mortality[3]. Unfortunately, this
method results in a permanent loss of fertility for these women.

Abdominal aortic balloon occlusion has gained superiority in reducing blood loss and blood transfusion
compared with internal iliac and common iliac artery balloon occlusion[14]. Our previous study revealed
that the rate of postpartum bleeding originating from the ovarian arteries reached 19.35% [18]. In addition,
the placement of balloon catheters at the zone II aorta has an advantage over placement at the zone III
aorta in reducing intraoperative blood loss and the rate of ovarian artery embolization[19]. Given the
bilateral anatomical distribution of the ovarian arteries, balloon catheters were placed at the midpoint
between the left and right renal arteries in the observation group. In a majority of cases, the left ovarian
artery originates from the left renal artery or the anterior lateral wall of the abdominal aorta, whereas the
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right ovarian artery originates from the abdominal aorta[20]. Therefore, blood �ow from the ovarian
arteries, including other ectopic arteries, can be temporarily blocked when the aortic balloon is placed at
the zone II aorta. Our previous study showed that retaining the sheath was of little use because the risk of
rebleeding was very low. Meanwhile, the risk of arterial thrombosis on the target leg was reduced, so we
removed the sheaths immediately after surgery. Patients in the balloon occlusion group were monitored
for the right leg temperature, blood pressure and pulsation of the dorsal artery of the foot. Other
monitoring measures were routinely except for vascular ultrasound examination of lower extremity.

In our study, balloon occlusion at the Zone II aorta played an important role in reducing the amount of
bleeding during caesarean section, 811.75 mL in the balloon occlusion group and 1529.75 mL in the
control group. The amount of blood loss in the present study was less than which (1560.5mL) reported
by Cui S, et al conducted balloon occlusion at the Zone II aorta[11]. The uterus was conserved in all 40
patients (100%) in the observation group, but in the control group, 6 women (15%) received subtotal
hysterectomy.

Postoperative evaluation showed that there was no signi�cant difference in BUN, Scr or urine output
between the two groups. None of the patients developed renal dysfunction. In this study, the single block
time was restricted to 15 minutes to avoid complications owing to long-term occlusion caused by the
balloon catheter. Yasuhito et al. found that a single block time of no more than 25 minutes will not cause
damage to the kidneys[17]. In the present study, no cases of severe complications were observed. Only one
case of thrombosis in the right femoral artery was observed in the conservation group, with up to 3
punctures in this patient due to obesity. We assume that fewer punctures and a shorter operation time
may help prevent complications to some degree. We regard the foetal exposure of 5.05 mGy in this study
as relatively safe; as long as the radiation exposure is no more than 150 mGy, there are no adverse
effects on the foetus[21].

Limitations
It should be noted that there are limitations in our study. Firstly, this was a retrospective study with a
limited number of patients in single centre. Thus, prospective, randomized and multicentre controlled
trials with a larger number of participants are needed to verify the e�cacy and safety of zone II aortic
balloon occlusion.

Conclusions
In brief, the present study revealed that prophylactic balloon occlusion at the zone II aorta is relatively
safe and represents a reasonable treatment for reducing haemorrhage in placenta accrete patients.
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