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Abstract

Background: Placenta previa describes a placenta that extends partially or completely over the internal cervical oss.
Placenta previa is one of the leading causes of widespread postpartum hemorrhage and maternal mortality
worldwide. Another cause of bleeding in pregnant women is Placenta accreta spectrum. Therefore, the aim of the
present systematic review and meta-analysis is to determine the effect of prophylactic balloon occlusion of the
internal iliac arteries in patients with placenta previa or placental accreta spectrum (PAS).

Methods: In this systematic review and meta-analysis, to identify and select relevant studies, the SID, Maglran,
ScienceDirect, Embase, Scopus, PubMed, Web of Science, and Google Scholar databases were searched, using the
keywords of internal iliac artery balloon, placenta, previa, balloon, accreta, increta and percreta, without a lower time
limit and until 2020. The heterogeneity of the studies was examined using the I index, and subsequently a random
effects model was applied. Data analysis was performed within the Comprehensive Meta-Analysis software (version 2).

Results: In the review of 29 articles with a total sample size of 1140 in the control group, and 1225 in the balloon occlusion
group, the mean difference between the two groups was calculated in terms of Intraoperative blood loss index (mL) and it
was derived as 3.21 +0.38; moreover, in 15 studies with a sample size of 887 in the control group, and 760 in the balloon
occlusion group, the mean difference between the two groups in terms of gestation index (weeks) was found as 2.84 +049;
and also with regards to hysterectomy balloon occlusion after prophylactic closure of the iliac artery, hysterectomy (%)
balloon occlusion was calculated as 89 %, and this, in the hysterectomy control group (%) was obtained as 31.2 %; these
differences were statistically significant and showed a positive effect of the intervention (P < 0.05).

Conclusion: The results of this study show that the use of prophylactic internal iliac artery balloon occlusion in patients with
placenta previa or Placenta accreta spectrum has benefits such as reduced intraoperative blood loss, reduced hysterectomy
and increased gestation (weeks), which can be considered by midwives and obstetricians.
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Background

Placenta previa is a type of placenta that extends partially
or completely over the internal cervical oss [1]. Placenta
previa is one of the leading causes of widespread postpar-
tum hemorrhage and maternal mortality worldwide [2].
The prevalence of placenta previa in women is 0.56 % [3].
The risk of hysterectomy after cesarean delivery in the
case of placenta previa is 3.5 %, which is higher compared
to mothers without it. Increasing the rate of cesarean de-
livery due to placenta previa has a significant effect on the
cost of gynecological medical care [4]. The main cause of
placenta previa is unknown. Maternal age, previous
cesarean section, abortion, uterine myoma, high body
mass index, high infant weight, male fetal, maternal to-
bacco use, and history of uterine surgery are among the
predisposing factors of this disease [5].

Another cause of bleeding in pregnant women is pla-
cental adhesions. placental adhesions is an abnormal in-
vasion of the placenta to the uterine wall and is
classified as accreta, percreta, or increta depending on
the degree of invasion of the myometrium [5, 6]. The
prevalence of placental accreta spectrum in the third tri-
mester in pregnant women is between 0.3 and 2 %; this
is a life-threatening condition and approximately 90 % of
these patients require blood transfusion [7, 8]. In many
countries around the world, cesarean section is a grow-
ing trend that has increased cases of placental adhesions,
which in turn has increases concerns [7].

Establishing homeostasis in placenta requires the use
of surgical techniques. These methods include multiple
placement of hemostatic sutures in the placental bed,
compression sutures of the uterus with or without intra-
uterine balloon tamponade, use of FLOSEAL in the pla-
cental bed, and uterin artery Irgation [9-13]. If these
surgical procedures to control bleeding are unsuccessful,
hysterectomy is the usual solution to save the patient’s
life [14]. However, extensive bleeding often makes surgi-
cal treatment even more challenging. Therefore, pre-
ventive measures to reduce bleeding can be beneficial
[9]. Recently, preoperative placement of internal iliac ar-
tery catheters with intraoperative arterial balloon occlu-
sion has become a common preventive procedure [15].

Collapsed intra-arterial balloons do not completely
block blood flow to the uterus, yet they lower blood pres-
sure to the site of obstruction. By reducing the amount of
bleeding, hemostatic methods can be more practical [16—
22]. Obstructive balloon occlusion was first described by
Dubois et al. as, and has since led to dissimilar outcomes
in patients with adhesions, making it a controversial pro-
cedure [23]. Nonetheless, the advantages of this method
include reducing bleeding in the area of surgery to achieve
homeostasis or hysterectomy [24].

Considering the importance of reducing bleeding due
to placenta previa and Placenta accreta spectrum to
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reduce their mortality among pregnant women, and also
due to the inconsistent results from research in this area,
this systematic review and meta-analysis aimed to deter-
mine the effect prophylactic internal iliac artery balloon
occlusion in patients with placenta previa or Placenta
accreta spectrum.

Methods

In this meta-analysis, the SID, Maglran, ScienceDirect,
Embase, Scopus, PubMed, Web of Science and Google
Scholar databases were searched to identify and select
relevant studies. The keywords used were: internal iliac
artery balloon, placenta, previa, balloon, accreta, increta,
and percreta, and all possible combinations of these
words. No time constraints were considered in the
search. The information of the identified articles was
transferred into the EndNote bibliography management
software (EndNote X8). In order to maximize the com-
prehensiveness of the search, the lists of references used
within all identified articles were manually reviewed.

Inclusion criteria

Studies that examined the effect prophylactic internal
iliac artery balloon occlusion in patients with placenta
previa or Placenta accreta spectrum, interventional stud-
ies, and studies for which a full text was available.

Exclusion criteria
Unrelated studies, studies without sufficient data, dupli-
cate papers, studies with an unclear methodology.

Study selection

Initially, duplicate studies in various databases were ex-
cluded from this study, and only one copy was retained.
Then a list of the titles of all the remaining articles was
prepared, for further analysis. In the first stage, screen-
ing, the title and abstract of the remaining articles were
carefully examined, and a number of articles were re-
moved considering the inclusion and exclusion criteria.
In the second stage, i.e. eligibility evaluation, the full text
of the studies, remaining from the screening stage, were
thoroughly examined according to the criteria, and simi-
larly, a number of other unrelated studies were excluded.
To prevent subjectivity, article review, and data extrac-
tion activities were performed by two reviewers, inde-
pendently. If an article was not included, the reason for
excluding it was mentioned. In cases where there was a
disagreement between the two reviewers, a third person
reviewed the article.

Quality evaluation

In order to examine the quality of the remaining articles
(i.e. methodological validity and results), a checklist ap-
propriate to the type of study was adopted. STROBE
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checklists are commonly used to critique and evaluate
the quality of observational studies. The checklist con-
sists of six scales/general sections that are: title, abstract,
introduction, methods, results, and discussion. Some of
these scales have subscales, resulting in a total of 32
fields (subscales). In fact, these 32 fields represent differ-
ent methodological aspects of a piece of research. Exam-
ples of subscales include title, problem statement, study
objectives, study type, statistical population, sampling
method, sample size, the definition of variables and pro-
cedures, data collection method(s), statistical analysis
techniques, and findings. Accordingly, the maximum
score that can be obtained during the quality evaluation
phase and using the STROBE checklist is 32. By consid-
ering the score of 16 as the cut-off point [25], any article
with a score of 16 or above is considered as a medium
or a high-quality article.

Data extraction

Information on all final articles was extracted from a dif-
ferent pre-prepared checklist. This checklist includes art-
icle title, first author’s name, year of publication, sample
size, place of study, maternal age (years), intraoperative
blood loss (mL), blood transfusion (units), blood transfu-
sion volume (ml), placenta type, and gestation (weeks),
Hysterectomy (%).

Statistical analysis

Frequency and percentage as well as the standardized
mean difference indices were used to combine the re-
sults of different studies. The I” test was used to evaluate
the homogeneity between studies, and due to the found
heterogeneity in the studies, a random effects model was
used to combine the studies and perform the meta-
analysis. When the I* index is less than 25 %, heterogen-
eity was considered as low; between 25 and 275 %, this
was considered as moderate heterogeneity, and more
than 75 % as high heterogeneity. P value less than 0.05
was considered significant. The Egger’s test and corre-
sponding funnel plots were also used to examine the
publication bias. Data analysis was performed within the
Comprehensive Meta-Analysis software (version 2).

Results

The study selection process was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. Based on the
initial search in the database, 295 possible related articles
were identified and transferred into the EndNote bibli-
ography management software. Moreover, 12 further
studies were added after reviewing the lists of references
of the identified articles. Out of a total of 307 identified
studies, 69 studies were duplicates and were therefore
excluded. In the screening phase, out of the remaining
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238 studies, 88 articles were removed after examining
their titles and abstracts, and based on the inclusion and
exclusion criteria. In the eligibility evalaution stage, out
of the remaining 150 studies, 115 irrelevant articles were
removed by studying the full text of the articles and in
accordance with the inclusion and exclusion criteria. In
the quality evaluation stage, by reading the full text of
the article and based on the score obtained from the
STROBE checklist, out of the remaining 35 studies, 6
low quality studies were omitted. Finally, 29 articles that
were published between 2006 and August 2020 entered
the analysis stage (Fig. 1).

The sample size of the balloon occlusion group was
1225, and the sample size in the control group was 1140.
The characteristics of the eligible studies included in the
systematic review and meta-analysis are provided in
Table 1 (Table 1).

Intraoperative blood loss index (mL)

The first criterion for comparison was the intraoperative
blood loss index (mL). In 26 studies [15, 20, 24, 26—40,
42-45, 47-50] prophylactic internal iliac artery balloon
occlusion significantly reduced this index in the balloon
occlusion group compared to the control group (P<
0.05). According to the results of studies by Yu et al.
(2020) [9], Feng et al. (2017) [41] and McGinnis et al.
(2019) [46], no significant difference was observed be-
tween the control group and the balloon occlusion
group with respect to this index (2 > 0.05).

Based on the results of I” test, in the study of intraop-
erative blood loss index (mL), there was a heterogeneity
between the control group and the case group (I*=
97.4), thus, a random effects method was applied to
amalgamate the results of all studies and approximate a
final result. Based on the results of the meta-analysis,
the mean difference of intraoperative blood loss (mL) in
the balloon occlusion, and control groups were obtained
as 1436 +211 and 403 +2503 respectively. Therefore,
prophylactic internal iliac artery balloon occlusion re-
duces postpartum hemorrhage (Figs. 2 and 3). The graph
of the mean difference between intraoperative blood loss
(mL) in the case and control groups was 3.21 +0.38,
which shows the positive effect of the intervention. The
width of the horizontal line on each square denotes a
95 % confidence interval. Published bias was assessed
using the Egger’s test, which showed no publication bias
(P =0.053).

Blood transfusion index (units)

The second criterion is the comparison was blood trans-
fusion index (units). In the studies of Dai et al. (2018)
[34], Picel et al. (2018) [37], El-sayed et al. (2016) [39],
Dai et al. (2020) [43], McGinnis et al. (2019) [46], Panici
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Fig. 1 The flowchart on the stages of including the studies in the systematic review and meta-analysis (PRISMA 2009)
A

et al. (2012) [47] and Zeng et al. (2017) [50] significant
differences between the control group and the balloon
occlusion group in terms of blood transfusion index
(units) ( P<0.05) was observed. However, in review-
ing the results of studies by Yu et al. (2020) [9],
Darwish et al. (2014) [27], Omar et al. (2017) [28],
Broekman et al. (2015) [30], Bodner et al. (2006) [36]
and Feng et al. (2017) [41], no significant difference
was observed between the control group and the bal-
loon occlusion group in terms of this index (P> 0.05).
Therefore, reduction of blood transfusion index
(units) in the balloon occlusion group is not definite,
and varies according to the study conditions. Thus,
with respect to blood transfusion index (units), it can
be argued that prophylactic internal iliac artery bal-
loon occlusion has no advantage.

Gestation index (weeks)

The third criterion for comparison was gestation index
(weeks). In 14 studies [9, 15, 24, 26, 30, 32, 33, 40-43,
46, 47, 50] prophylactic internal iliac artery balloon oc-
clusion did not significantly increased this index in the
balloon occlusion group compared to the control group
(P>0.05), while in the study results of Darwish et al.
(2014) [27], Ono et al. (2018) [35], Bodner et al. (2006)
[36] and Tan et al. (2017) [45], there was a significant
difference between the control group and the balloon
occlusion group in terms of gestation index (weeks) (P <
0.05).

Based on the results of I” test, in the study of gestation
index (weeks), there was heterogeneity between the con-
trol group (I =99.1), thus, a random effects model was
applied to combine the results of the studies and
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Author, year, Country Type placenta Variable Balloon occlusion Control group  p-value
Reference group
Yu SCH, 2020, [26] Hong Kong previa Maternal age (years) 353 [31.5-37.6] 36.6 [32.7-39.1] -
Sample size (n) 20 20 -
Intraoperative blood loss 1451 [1024-2388] 1454 [888-2300]  0.945
(mL)
Blood transfusion (units) 0.5 [0-2.75] 2 [0-4] 0.55
Gestation (weeks) 36.6 [35.2-37.2] 36.1 [34.8-37.7] 0.968
Hysterectomy (%) 0.0 0.0 -
Sallam, 2018, [27] Egypt previa Maternal age (years) 20.71+2.84 2968+ 2.53 -
Sample size (n) 62 62 -
Intraoperative blood loss 1151.61£246.38 18004980 0.0001
(mb)
Gestation (weeks) 35.55+0.77 35.58+0.62 0.977
Darwish, 2014, [28] Egypt previa Maternal age (years) 338 335 -
Sample size (n) 32 32 -
Intraoperative blood loss 1900 2800 0.019
(mL)
Blood transfusion (units) 29 47 0.142
Gestation (weeks) 356 343 0.008
Omar, 2017, [29] Egypt previa Maternal age (years) 34.7+6.8 33.14+59 -
Sample size (n) 20 20 -
Intraoperative blood loss 1076+545 1664+647 <0.001
(mb)
Blood transfusion (units) 2 4 0.13
Hysterectomy (%) 5 10 041
Jiang, 2013, [30] China previa Sample size (n) 13 28 -
Intraoperative blood loss 14294875 4600+ 2090 0.000
(mL)
Blood transfusion volume 9204438 3600+ 1225 0.000
(mi)
Hysterectomy (%) 8461 89.28 0.670
Broekman, 2015, [31] Netherlands previa Maternal age (years) 326+43 341 + 37 -
Sample size (n) 42 26 -
Intraoperative blood loss 800 (488-1113) 1000 (694-1307) 0.06
(mL)
Blood transfusion (units) 4 6
Gestation (weeks) 37 (36-38) 37(35-38) 0.16
Mei, 2018, [32] China previa Sample size (n) 20 12 -
Intraoperative blood loss 800 (500-1800) 1875 (500-7600)  0.01
(mL)
Hysterectomy (%) 0.0 83 <0.01
Soyama, 2017, [33] Germany previa Maternal age (years) 35 (27-42) 34 (19-43) -
Sample size (n) 50 216 -
Intraoperative blood loss 979 (287-2369) 2189 (2133— <0.01
(mL) 3360)
Gestation (weeks) 36 (30-38) 37 (30-38) 0.87
Fan, 2017, [34] China previa Maternal age (years) 32.6+0.6 32.0+04 -
Sample size (n) 74 89 -
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Author, year, Country Type placenta Variable Balloon occlusion Control group  p-value
Reference group
Intraoperative blood loss 1236.0+£138.2 1694.0+144.3 0.01
(mb)
Blood transfusion volume 7280+1136 1205.0£138.7 0.01
(mi)
Gestation (weeks) 36.5+0.1 36.4+0.2 0.65
Hysterectomy (%) 2.7 56 0.36
Dai, 2018, [35] China previa Sample size (n) 42 20 -
Intraoperative blood loss 2900.00 + 2352.21 4549.77 + 0.025
(mL) 2366.67
Blood transfusion (units) 840+ 7.14 13.00+793 0.018
Hysterectomy (%) 23 35 0.027
Ono, 2018, [36] Japan previa Maternal age (years) 33.7+38 34.0+39 -
Sample size (n) 29 13 -
Intraoperative blood loss 2027.1+1637.6 3786.7+2936.1 <001
(mL)
Gestation (weeks) 348+15 35+2.2 <0.01
Bodner, 2006, [37] USA previa Maternal age (years) 353 353 -
Sample size (n) 6 22 -
Intraoperative blood loss 2600 2800 04
(mL)
Blood transfusion (units) 6.3 6.5 047
Gestation (weeks) 325 36.5 0.019
Picel, 2018, [38] USA previa Sample size (n) 61 90 -
Intraoperative blood loss 2000 (1500-2500) 2500 (2000-4000) 0.002
(mL)
Blood transfusion (units) 2 (0-5) 5 (2-8) 0.002
Wang, 2017, [39] China previa Sample size (n) 10 43 -
Intraoperative blood loss 1000 2000 <0.05
(mL)
Hysterectomy (%) 10 63.3 <0.05
Peng, 2020, [40] China previa Maternal age (years) 3208 £ 394 3346 + 453 -
Sample size (n) 48 56 -
Intraoperative blood loss 690.00 + 226.88 88710 £311.71 0018
(mL)
Blood transfusion volume 970.54 + 1083.21 1352.08 £ 0.093
(ml) 1211.03
Gestation (weeks) 3557 +1.97 36.05 + 1.66 0177
Hysterectomy (%) 125 292 0.035
El-sayed, 2016, [41] Egypt previa Maternal age (years) 33.54+4.36 33,62+ 3.86 -
Sample size (n) 50 50 -
Intraoperative blood loss 850420 1120+70 0.000
(mL)
Blood transfusion (units) 18 +04 21 +05 0.001
Hysterectomy (%) 10 12 -
Wu, 2016, [42] China previa Maternal age (years) 295+36 304440 -
Sample size (n) 230 38 -
Intraoperative blood loss 921+199 27904335 0.000
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Author, year, Country Type placenta Variable Balloon occlusion Control group  p-value
Reference group
(mL)
Blood transfusion volume 422+58 1580+67 0.000
(ml)
Gestation (weeks) 356+1.3 355415 0.595
Hysterectomy (%) 0.0 7.89 0.003
Feng, 2017, [43] China Accreta Maternal age (years) 31.8+56 325457 -
Sample size (n) 30 11 -
Intraoperative blood loss 1000(600-2500) 1100(800-2600) 0.64
(mL)
Blood transfusion (units) 0(0-6) 3(0-8) 0.67
Gestation (weeks) 37 (36-37.28) 37.42(36.28-39) 0.069
Li, 2018, [44] China Accreta/Increta/ Maternal age (years) 3453 + 580 3343 +£432 -
Percreta Sample size (n) 112 87 -
Intraoperative blood loss 18504490 38004560 <0.001
(mL)
Blood transfusion volume 480+220 2000+1120 <0.001
(ml)
Gestation (weeks) 3702+13 36.78 + 1.38 0.273
Hysterectomy (%) 11.61 32.18 <0.001
Cali, 2014, [45] [taly Accreta/Increta/ Sample size (n) 30 23 -
Percreta Intraoperative blood loss ~ 846.67+280.06 115652457669 0036
(mL)
Blood transfusion volume 470+860 19604246 0.011
(ml)
Dai, 2020, [46] China Accreta/Increta/ Maternal age (years) 3408 + 4.75 3259 +4.10 -
Percreta Sample size (n) 51 27 -
Intraoperative blood loss 1846 + 2187 3717 £ 2717 <0.001
(mL)
Blood transfusion (units) 565+ 571 1148 + 872 <0.001
Gestation (weeks) 3494 + 149 3407 £ 4.19 0.178
Hysterectomy (%) 2 1.1 0.081
Chou, 2015, [47] Taiwan Accreta/Increta/ Sample size (n) 13 11 -
Percreta Intraoperative blood loss ~ 1902.3+578.8 44457+99648 00402
(mb)
Zhou, 2019, [48] China Accreta/Increta/ Maternal age (years) 3231 +420 3252 +432 -
P
ercreta Sample size (n) 58 25 -
Intraoperative blood loss 121552 + 762.57 1602.00 + 86247 0.045
(mL)
Blood transfusion volume 42586 + 66743 832.80 + 83789  0.024
(ml)
Gestation (weeks) 3595 + 031 3583 +£0.34 0.144
Hysterectomy (%) 6.9 12 0445
Tan, 2017, [49] Singapore Accreta Maternal age (years) 32 (27-37) 35 (29-43) -
Sample size (n) 11 14 -
Intraoperative blood loss 2011 (400-5000) 3316 (1000~ 0.042
(mL) 4000)
Blood transfusion volume 1058 (0-3600) 2211 (1190- 0.005
(ml) 3980)
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Author, year, Country Type placenta Variable Balloon occlusion Control group  p-value
Reference group
Gestation (weeks) 36.2 (33-38) 35.7 (28.5-39) -
McGinnis, 2019, [50] Columbia Accreta Maternal age (years) 34 (24-44) 33 (26-37) -
Sample size (n) 12 12 -
Intraoperative blood loss 2450 (1500-3125) 2750 (1875-3500) 0.28
(mL)
Blood transfusion (units) 3.5 (2.2-5.5) 95 (4.2-12) 0.06
Gestation (weeks) 35 (27.9-37.7) 35 (27.9-37.7) 0.28
Panici, 2012, [51] Italy Accreta/Increta/ Maternal age (years) 294+19 275+17 -
Percreta Sample size (n) 15 18 -
Intraoperative blood loss 950(790-1100) 3375(2645-4007)  <0.001
(mb)
Blood transfusion (units) 0(0-1) 4 (3-5) <0.001
Gestation (weeks) 36 +0.7 36 + 06 -
Hysterectomy (%) 13 50 0.034
Cho, 2020, [52] Korea Increta/Percreta Maternal age (years) 345+ 29 348 +33 -
Sample size (n) 17 25 -
Intraoperative blood loss 2319 (1000-4500) 4435 (1500- 0.037
(mL) 10500)
Blood transfusion volume 2060 (1200-8000) 3840 (1800- 0.043
(ml) 15200)
Hysterectomy (%) 294 44 0339
Sun, 2018, [53] China Increta/Percreta Sample size (n) 19 12 -
Intraoperative blood loss 1200 3150 0.006
(mb)
Blood transfusion volume 800 1950 0.017
(mi)
Zeng, 2017, [54] China Increta/Percreta Maternal age (years) 32.27+5.27 33.13+£5.23 -
Sample size (n) 48 38
Intraoperative blood loss 1467.71£1075.77 221842415722 0.015
(mL)
Blood transfusion (units) 542+495 9.29+7.59 0.008
Gestation (weeks) 36.04+2.18 3541+242 0.205
Hysterectomy (%) 42 23.7 0018

approximate a single final outcome. Based on the results
of meta-analysis, mean of gestation (weeks) in the bal-
loon occlusion and control groups were 37.0 £ 0.18 and
35.9 +0.17 respectively. Therefore, it can be concluded
that prophylactic internal iliac artery balloon occlusion
increases the gestation index (weeks). The mean differ-
ence between the two groups was 2.84 + 0.49, which in-
dicates the positive effect of the intervention. Figure 4
presents the forest plot for gestation (weeks) for different
studies, as well as their confidence intervals. The hori-
zontal line on each square also represents the 95 % con-
fidence interval. Publication bias was assessed using the
Egger’s test, which showed no bias in the studies (P =
0.055) (Figs. 4 and 5).

Hysterectomy index (%)
The third criterion for comparison was the hysterectomy
index (%). In 8 studies [24, 31, 34, 38, 40, 42, 47, 50]
prophylactic internal iliac artery balloon occlusion sig-
nificantly reduced this index in the balloon occlusion
group compared to the control group (P < 0.05). While
reviewing the results of studies by Omar et al. (2017)
[28], Jiang et al. (2013) [29], Fan et al. (2017) [33], Dai
et al. (2020) [43], Zhou et al. (2019) [15], and Cho et al.
(2020) [48], no significant difference was observed be-
tween the control group and the balloon occlusion
group in terms of hysterectomy index (%) (P°0.05).
Based on the results of I” test, in the study of hysterec-
tomy index (%), there was a heterogeneity between the
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Study name Statistics for each study
Std diff Standard Lower Upper
in means error Variance limit limit

Yu SCH 60.000 6.716 45100 46.838 73.162 8.934
Sallam 0.907 0.189 0.036 0538 1.277 4811
Darwish 3.967 0.431 0.185 3.123 4811 9.212
Omar 0.983 0.335 0.112 0327 1639 2.936
Jiang 1.756 0.388 0.150 0997 2516 4.531
Broekman 0.882 0.261 0.068 0370 1.393 3.381
Mei 4738 0.69%6 0484 3374 6.102 6.810
Soyama 5.333 0.279 0.078 4.785 5881 19.084
Fan 3.235 0.238 0.057 2768 3.703 13.568
Dai 1 0.700 0.279 0.078 0.1563 1.247 2.510
Ono 0.833 0.346 0.120 0.155 1.511 2.408
Bodner 0.882 0475 0.226 -0.050 1.813 1.854
Picel 2.204 0.209 0.044 1795 2613 10.556
Wang 4.408 0.554 0.307 3322 5493 7.961
Peng 0.714 0.203 0.041 0317 1.112 3.522
El-sayed 5.245 0.421 0.178 4419 6.071 12448
Wu 8.383 0.402 0.162 7.595 9.172 20.843
Feng 0.441 0.356 0.127 0.257- 1.138 1.239
Li 3.738 0.236 0.056 3.276 4.200 15.862
Cali 0.714 0.286 0.082 0.155 1.274 2.501
Dai 2 0.786 0.246 0.061 0303 1.268 3.191
Chou 3.194 0617 0.380 1.985 4.403 5.179
Zhou 0.487 0.242 0.059 0.012 0962 201
Tan 5.752 0.908 0.824 3973 7.531 6.336
McGinnis 1.322 0.451 0.203 0439 2206 2934
Panici 10.688 1.361 1.853 8.020 13.357 7.852
Cho 9.327 1.065 1.134 7239 11414 8.757
Sun 8.595 1.152 1.327 6.337 10.853 7.460
Zeng 0.570 0.221 0.049 0.136 1.004 2573

3.212 0.386 0.149 2455 3.969 8.312

Z-Value p-Value

Std diff in means and 95% CI

0.000
0.000
0.000
0.003
0.000
0.001
0.000
0.000
0.000
0.012
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0.000
0.000
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0.000 B
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random model

Fig. 2 Accumulation diagram of the mean difference between case and control groups in intraoperative blood loss (mL) meta-analysis based on

control group and the case group (2 =74.9), (* = 87.5), thus,
a random effects method was applied to combine the results
of the studies and approximate an overall. Based on the re-
sults of meta-analysis; the percentages of hysterectomy (%)
in the balloon occlusion and control groups were 8.9 % and
and 31.2 % respectively. Therefore, it can be concluded that
prophylactic internal iliac artery balloon occlusion reduces
the hysterectomy index (%), which indicates the positive ef-
fect of the intervention. The horizontal line on each square,
in the hysterectomy forest plot, represents the 95 % confi-
dence interval (Figs. 6 and 7). Publication bias was assessed
using the Egger’s test, which shows no publication bias
(P=0.294) (P =0.499) (Figs. 8 and 9).

Discussion
The aim of the present systematic review and meta-
analysis was to determine the effect of prophylactic

internal iliac artery balloon occlusion in patients with
placenta previa or Placenta accreta spectrum.

Bleeding is still a major cause of maternal death fol-
lowing childbirth. In many developed countries, bleeding
is the most important factor in admitting a pregnant
woman to an intensive care unit (ICU). In developing
countries, bleeding is the cause of almost half of all ma-
ternal mortality [51]. Placenta previa is one of the causes
of obstetric bleeding, which, by definition, is a placenta
that covers the inner passageway of the cervix [51]. Pla-
centa previa is a known risk factor for placenta accrete
[52]; In a case-control study, placental bed biopsy was
performed during cesarean section in 50 women with
placenta previa and 50 cases with normal placenta. In
approximately half of the placenta samples, spiral myo-
metrium had infiltrating trophoblast giant cells, while
only 20 % of samples related to normal pair, had such
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changes [53]. The placenta is an abnormal attachment of
all or part of the placenta to uterine wall [54]. Due to
the partial or complete absence of regular decidua and
the incomplete development of the fibrinoid layer or the
nitabuch membrane, the placental feathers stick to the
myometrium. In the placenta increta, the villi enter the
myometrium, and in the placenta increta, the villi invade
the cervix or other pelvic organs. Different types of ab-
normal Placenta accreta spectrum are important causes
of maternal mortality, due to bleeding during pregnancy
or postpartum [51].

According to the present systematic review and meta-
analysis, the mean difference of the two groups in terms
of intraoperative blood loss (mL) was obtained 3.21 +
0.38, and this difference was statistically significant. This
also showed a positive effect of the intervention. The
most valid study in terms of sample size, was a research
conducted by Wu et al. (2016) [40], in which the authors
reported that the intraoperative blood loss (mL) index in
the case group was 921 +199 ml, whilst this 2790 +
335 ml in the control group; the findings were statisti-
cally significant and consistent with the results of the
present study.

Timely transfusion of blood and blood products can
save the lives of these patients. Therefore, the use of a

variety of blood products, can be prevent the risk of
death in 15,000 pregnancies per year, globally [55]. Since
blood reserves are sourced by donations, and this vital
tissue requires different and sometimes rare blood types,
proper management of blood transfusion can prevent
surgery delays or even cancellations [56].

In 7 studies [34, 37, 39, 43, 46, 47, 50], a significant
difference was reported between the control group and
the balloon occlusion group in terms of blood transfu-
sion index (units) (P < 0.05). However, in the results of 6
studies [9, 27, 28, 30, 36, 41], no significant difference
was observed between the two groups (P>0.05). Ac-
cording to the results results, the decrease in blood
transfusion index (units) in the balloon occlusion group
is not definite and varies according to the study condi-
tions. Therefore, in terms of Blood transfusion index
(units), it can be stated that prophylactic internal iliac
artery balloon occlusion has no advantage.

Premature birth or gestational age less than 37 weeks
from the last date of maternal menstruation is one of
the most important indicators of health in any society,
and the survival of newborns is directly related to gesta-
tional age and birth weight [57]. The prevalence of pre-
term birth varies in different societies, and statistics
show that 8 to 10 % of infants born in the United States,
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the case and control groups

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper

in means error  Variance  limit limit Z-Value p-Value
Sallam 0.043 0.180 0.032 0.309- 0.395 0239 0.811
Darwish 26.000 2312 5.344 21469 30.531 11.247 0.000 3
Broekman 0.000 0.250 0.062 0489- 0489 0.000 1.000
Soyama 20.000 0.881 0.777 18.273 21.727 2269 0.000 A
Fan 0.615 0.161 0.026 0.300 0931 3824 0.000
Ono 0.115 0.334 0.112 0.540- 0770 0344 0.731
Bodner 80.000 10.700 114.498 59.028 100.972 7.476 0.000 3
Peng 0.265 0.198 0.039 0.122- 0652 1.343 0.179
Wu 0.075 0.175 0.031 0.268- 0418 0429 0.668
Feng 8.400 0992 0985 6455 10.345 8465 0.000 -
Li 0.180 0.143 0.021 0.101- 0460 1.255 0.209
Dai 2 0.318 0.239 0.057 0.151- 0.788 1.330 0.183
Zhou 0.376 0.241 0.058 -0.096 0.848 1560 0.119
Panici 0.000 0.350 0.122 0.685- 0685 0.000 1.000
Zeng 0.275 0.218 0.048 0.152- 0.703 1.262 0.207

2.844 0.494 0244 1876 3812 5761 0.000 &
-15.00 -7.50 0.00 7.50 15.00
Favours A Favours B

Meta Analysis

Fig. 4 Accumulation diagram obtained from the difference between the mean of the studies included in the Gestation meta-analysis (weeks) in

and 5 to 7 % in Europe are born premature [58]. Various
factors are involved in the birth of premature infants, in-
cluding maternal, fetal, etc. [59]. Maternal causes such
as maternal disease, chorioamnionitis, multiple births
and maternal smoking, Placenta accreta spectrum, pla-
centa previa, uterine defects, etc. can be mentioned [60].

According to the present systematic review and meta-
analysis, the mean difference of the two groups in terms
of gestation index (weeks) was 2.84 + 0.49 which was sta-
tistically significant, and showed a positive effect of the
intervention. The most valid study in terms of sample
size was conducted by Wu et al. (2016) [40], which re-
ported that the gestation index (weeks) in the case and
control groups were 35.6 + 1.3 and 35.5 £ 1.5 weeks re-
spectively, which was not statistically significant; the re-
sults of the study was also not consistent with the
general findings of the present work.

Hysterectomy is a major surgery that is almost always
performed in cases of severe, life-threatening bleeding
after vaginal delivery or cesarean section [61]. Its preva-
lence in the last century has been 1.4 +0.24 cases per
1000 live births [62]. Risk factors for emergency hyster-
ectomy around delivery include abnormal Placenta adhe-
siens (percreta, increta, placenta accreta), placenta
previa, uterine atony, previous cesarean section, and

uterine rupture [63]. The most common cause reported
in some studies was abnormal placental adherence with
placenta previa in patients with a history of previous
cesarean section [64, 65]. This surgery is associated with
high maternal mortality even with modern midwifery [66].
Complications such as blood transfusion, fever, DIC and
re-laparotomy in high rates, and maternal mortality have
been reported in different studies [64, 65, 67].

According to the present systematic review and meta-
analysis, the percentage of hysterectomy (%) in the bal-
loon occlusion and hysterectomy control groups were
8.9 % and 31.2 % respectively, which was statistically sig-
nificant and, showed a positive effect of the intervention.
The most comprehensive study in terms of sample size
was conducted by Wu et al. (2016) [40], who reported
hysterectomy index (%) of 0% in the case group and
7.89 % in the control group, which was statistically sig-
nificant and is in line with the general findings of the
present study.

In general, according to the present systematic review
and meta-analysis; prophylactic internal iliac artery bal-
loon occlusion in patients with placenta previa or Pla-
centa accreta spectrum has benefits, such as reduced
intraoperative blood loss, reduced hysterectomy, and in-
creased gestation (weeks). Therefore, the procedure can
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Statistics for each study

Lower Upper

Study name
Event
rate
Omar 0.050
Jiang 0.846
Fan 0.027
Dai 1 0.024
Wang 0.100
Peng 0.125
El-sayed 0.100
Wu 0.002
Li 0.116
Dai 2 0.020
Zhou 0.069
Panici 0.133
Cho 0.294
Zeng 0.042
0.089

limit  limit Z-Value p-Value
0.007 0.282 2.870- 0.004
0.549 0961 2218 0.027
0.007 0.102 4.999- 0.000
0.003 0.151 3.669- 0.000
0.014 0.467 2.084- 0.037
0.057 0.252 4.459- 0.000
0.042 0.219 4.661- 0.000
0.000 0.034 4.332- 0.000
0.069 0.190 6.882- 0.000
0.003 0.126 3.873- 0.000
0.026 0.170 5.023- 0.000
0.034 0.405 2.464- 0.014
0.128 0.542 1.645- 0.100
0.010 0.152 4.341- 0.000
0.047 0.162 6.700- 0.000

-1.00

Event rate and 95% CI

-0.50 0.00

0.50

1.00

Favours A Favours B

Meta Analysis

Fig. 6 Accumulation diagram of the percentage of Hysterectomy studies included in the meta-analysis analysis in the case group
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper

rate  limit limit Z-Value p-Value
Omar 0.100 0.025 0.324 2.948- 0.003 —
Jiang 0.893 0.716 0.965 3470 0.001 —=
Mei 0.167 0.042 0.477 2.078- 0.038 -—
Fan 0.056 0.024 0.128 6.129- 0.000 ]
Dai 1 0.350 0.177 0.574 1.320- 0.187 —
Wang 0628 0476 0.758 1.658 0.097 -
Peng 0.286 0.183 0.417 3.098- 0.002 i
El-sayed 0.120 0.055 0.242 4.578- 0.000 [
Wu 0.789 0.632 0.891 3.322 0.001 =
Li 0.322 0.232 0.427 3.248- 0.001 B
Dai 2 0.111 0.036 0.293 3.396- 0.001 [ o
Zhou 0.120 0.039 0.313 3.237- 0.001 |
Panici 0.500 0.284 0.716 0.000 1.000 1—
Cho 0.440 0263 0.634 0.599- 0.549
Zeng 0.237 0.128 0.396 3.066- 0.002 -

0.312 0.198 0455 2535- 0.011 R

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Meta Analysis

Fig. 7 Accumulation diagram of Hysterectomy percentage of studies included in meta-analysis analysis in the control group
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Fig. 8 Funnel Plot resulting from the percentage of Hysterectomy studies included in the meta-analysis analysis in the case group
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Fig. 9 Funnel Plot resulting from the percentage of Hysterectomy studies included in the meta-analysis analysis in the control group

be applied prophylactically by obstetricians and
gynecologists.

One of the limitations of this study is that some sam-
ples were not based on random selection. Moreover, the
non-uniform reporting of articles, and methods of im-
plementation, lack of consistency in the data analysis, in-
complete data, and the unavailability of the full text of
some of the papers presented at the conferences can be

mentioned.

Conclusions

The results of this study show that prophylactic internal
iliac artery balloon occlusion in patients with placenta
previa or Placenta accreta spectrum has benefits such as
reduced intraoperative blood loss, reduced hysterectomy
and increased gestation (weeks), which can be consi-
dered by midwives and obstetricians.
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