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OBJECTIVE: To quantify the association between pro-

phylactic radiologic interventions and perioperative

blood loss during cesarean delivery in women with

placenta accreta spectrum disorder through a systematic

review and network meta-analysis.

DATA SOURCES: On January 3, 2023, a literature search

was conducted in PubMed, EMBASE, Cochrane Library,

and Web of Science. We also checked ClinicalTrials.gov

retrospectively. Prophylactic radiologic interventions to

reduce bleeding during cesarean delivery involved pre-

operative placement of balloon catheters, distal (internal

or common iliac arteries) or proximal (abdominal aorta),

or sheaths (uterine arteries). The primary outcome was

volume of blood loss; secondary outcomes were the

number of red blood cell units transfused and adverse

events. Studies including women who received an emer-

gency cesarean delivery were excluded.

METHODS OF STUDY SELECTION: Two authors inde-

pendently screened citations for relevance, extracted

data, and assessed the risk of bias of individual studies

with the Cochrane Risk of Bias in Non-randomized

Studies of Interventions tool.

TABULTATION, INTEGRATION, AND RESULTS: From a

total of 1,332 screened studies, 50 were included in the final

analysis, comprising 5,962 women. These studies consisted

of two randomized controlled trials and 48 observational

studies. Thirty studies compared distal balloon occlusion

with a control group, with a mean difference in blood loss

of 2406 mL (95% CI, 2645 to 2167). Fourteen studies

compared proximal balloon occlusion with a control group,

with a mean difference of 21,041 mL (95% CI, 21,371

to 2710). Sensitivity analysis excluding studies with serious

or critical risk of bias provided similar results. Five studies

compared uterine artery embolization with a control group,

all with serious or critical risk of bias; the mean difference

was 2936 mL (95% CI, 21,522 to 2350). Reported infor-

mation on adverse events was limited.

CONCLUSION: Although the predominance of obser-

vational studies in the included literature warrants

caution in interpreting the findings of this meta-

analysis, our findings suggest that prophylactic place-

ment of balloon catheters or sheaths before planned

cesarean delivery in women with placenta accreta

spectrum disorder may, in some cases, substantially

reduce perioperative blood loss. Further study is

required to quantify the efficacy according to various

severities of placenta accreta spectrum disorder and the

associated safety of these radiologic interventions.
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P lacenta accreta spectrum disorder is a disorder of
placentation caused by damage to the

endometrial–myometrial interface of the uterus. Pla-
centa accreta spectrum disorder is a high-risk condi-
tion in pregnancy, characterized by the failure of
placental detachment at the time of birth, potentially
leading to life-threatening postpartum hemorrhage.1,2

The depth of placental invasiveness is associated with
the severity of maternal outcomes, with the severest
outcomes in women with placenta percreta.3,4

The main risk factor for placenta accreta spec-
trum disorder is a previous cesarean delivery.
Although the incidence of placenta accreta spectrum
disorder has increased alongside rising rates of
cesarean delivery worldwide, placenta accreta spec-
trum disorder still remains a rare complication of
pregnancy in most settings.1,5–9 Therefore, perform-
ing robust research to define intrapartum manage-
ment strategies for women with placenta accreta
spectrum disorder to improve maternal outcomes
remains challenging.2,10,11

One strategy to reduce perioperative bleeding in
women at risk of placenta accreta spectrum disorder is
the use of prophylactic radiologic interventions,
which include preoperative placement of arterial
balloon catheters or sheaths by an interventional
radiologist. Inflation of the balloons or embolization
directly after childbirth is hypothesized to reduce
blood flow to the uterus and to reduce total perioper-
ative blood loss. Arterial balloon occlusion can be
applied at different levels, varying from distal place-
ment in the common iliac arteries, internal iliac
arteries, or uterine arteries to proximal placement in
the abdominal aorta, below the renal arteries. Pro-
phylactic embolization is commonly performed at the
distal level, in the internal iliac or uterine arteries. It is
postulated that proximal balloon occlusion might be
more effective in reducing blood loss because its
occlusive effect is countered to a lesser extent by
collateral circulation compared with distal occlusion
or embolization.5,12,13 Reported studies on these en-
dovascular approaches are relatively small in terms of
sample size, challenging interpretation of outcomes.
In addition, adverse effects associated with these inter-
ventions may be severe and include vessel rupture
and thromboembolism.14,15 Systematically reviewing
these study results is needed to support clinical deci-
sion making.

The aim of this systematic review and network
meta-analysis was to assess whether prophylactic
placement of balloon catheters or sheaths before
planned cesarean delivery in women with placenta
accreta spectrum disorder is associated with reduced

perioperative blood loss compared with no prophy-
lactic radiologic intervention.

SOURCES

This study adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
analyses) and MOOSE (Meta-analyses of Observa-
tional Studies) reporting guidelines.16,17 Before data
extraction, this study was registered in PROSPERO
(CRD42022320922). The study protocol was
approved by the local scientific committee of the
Department of Clinical Epidemiology of the Leiden
University Medical Center (proposal A167). Together
with a certified medical librarian (P.G.), we developed
a literature search strategy using key concepts from
the research question: “placenta accreta”, “balloon
catheter”, “embolization”, and “blood loss” (Appen-
dix 1, available online at http://links.lww.com/
AOG/D737). The librarian conducted a comprehen-
sive electronic literature search on January 3, 2023, in
the following databases: PubMed, Embase, Cochrane
Library, and Web of Science. We also checked Clin-
icalTrials.gov retrospectively.

Two independent reviewers (L.R.B. and K.S.)
screened titles and abstracts to identify potentially
eligible records, and full texts of the selected publica-
tions were reviewed to assess eligibility. Disagree-
ments were solved through discussion (L.R.B. and
K.S.) and, if necessary, by the senior researcher
(D.D.C.A.H). Reasons for exclusion were recorded.

STUDY SELECTION

Studies were eligible if they 1) included pregnant
women at risk (discussed later) of placenta accreta
spectrum disorder or with postpartum confirmed
placenta accreta spectrum disorder diagnosis who
underwent a planned cesarean delivery and 2) com-
pared maternal outcomes between women who
received prophylactic radiologic interventions and
women who did not receive any of these interven-
tions. We considered the following women at risk of
placenta accreta spectrum disorder: 1) women with
one or more previous cesarean deliveries and a
current pregnancy with anterior low-lying placenta
or placenta previa and 2) women with ultrasono-
graphic signs of placenta accreta spectrum disorder.
Confirmed placenta accreta spectrum disorder diagnosis was
defined as clinical confirmation of the diagnosis dur-
ing cesarean delivery by the managing
obstetrician–gynecologist or confirmation after histo-
pathologic analysis. We excluded studies in women
who underwent emergency cesarean delivery because
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the emergency setting was hypothesized not to allow
time for a prophylactic intervention.

Prophylactic radiologic interventions were defined as
follows: 1) preoperative placement of balloon cathe-
ters into common iliac arteries, internal iliac arteries,
uterine arteries, or abdominal aorta classified into two
groups, prophylactic balloon occlusion distally (com-
mon iliac arteries, internal iliac arteries, uterine
arteries) and proximally (abdominal aorta); and 2)
preemptive vascular access with sheaths in the com-
mon femoral artery for prophylactic embolization of
the uterine arteries (Fig. 1). Randomized controlled
trials and observational studies published before Jan-
uary 2023 were eligible. We did not use language
restrictions.

The primary outcome was the volume of peri-
operative blood loss in milliliters. Secondary out-
comes were the number of red blood cell (RBC) units
transfused within 24 hours after childbirth, maternal
mortality, adverse events related to the studied
radiologic intervention, and surgical complications.
We used the Crown initiative core outcome set for
treatment of postpartum hemorrhage and the World
Health Organization Maternal Near Miss approach to
define outcomes of interest.18,19 We aimed to collect
data on all outcomes as suggested, including shock,
transfer to a higher level of care, use of additional
hemostatic interventions, coagulopathy, presence of
organ dysfunction, and patient-reported outcomes.
As opposed to the core outcome set for treatment of
postpartum hemorrhage, we decided not to report

hysterectomy as a secondary outcome because we ex-
pected most women to have undergone planned
cesarean hysterectomy, although the hysterectomy it-
self might also have been unplanned and performed
to stop the bleeding.

Two reviewers (L.R.B. and K.S.) independently
extracted the following data: characteristics of
included women (age, parity, number of previous
cesarean deliveries, type of placenta accreta spectrum
disorder), details pertaining to the intervention (num-
ber of women with intervention, localization of
balloon catheter, procedure of checking position of
catheter after transfer to operating theater, inflation of
balloon catheter [yes or no], fluoroscopy-guided
inflation [yes or no], type and size of balloon catheter,
angiography [yes or no], embolization [yes or no],
material used for embolization), characteristics of
included studies (name of first author, year of publi-
cation, study design, single center or multicenter,
country or countries of study, total sample size, type
and source of financial support, publication status
from trial reports, blinding), and outcomes (volume of
blood loss, methods of measuring volume of blood
loss, mortality and morbidity, use of additional
interventions, use of resources, patient-reported out-
comes, adverse effects).

For the two continuous outcomes, blood loss
(milliliters) and RBC transfusion (units), we expressed
effect sizes as mean differences and 95% CIs. If the
mean was not reported, we used the median; if the SD
was not reported, we derived the SD using the method
developed by Wan et al.20 According to this method,
we used interquartile ranges and sample size to calcu-
late the SD; if interquartile range was not available,
we used range. In the included studies, RBC transfu-
sion was reported either as number of units or as a
volume. We present this outcome as RBC units. If the
authors did not specify the volume of an unit, we
assumed it to be 300 mL.

In our primary analysis, the study effect sizes
were synthesized with a random-effects frequentist
network meta-analysis.21 Within this network, we
made pairwise comparisons between the three inter-
ventions (prophylactic balloon occlusion–distal, pro-
phylactic balloon occlusion–proximal, and
prophylactic embolization of the uterine arteries) and
the control group. The control group was set as ref-
erence. Results are presented in forest plots with
corresponding 95% CIs.

Furthermore, mean differences were pooled over
studies with the use of pairwise random-effects
meta-analyses in which the different interventions
were compared with the control situation. With these

Fig. 1. Classification of prophylactic radiologic interven-
tions. AO, abdominal aorta; CIA, common iliac arteries;
IIA, internal iliac arteries; UA, uterine arteries.
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separate analyses, the results per study are presented
in a forest plot combined with the traffic light plot of
the risk-of-bias assessment.

Heterogeneity was assessed by the between-trial-
variance (t) with prediction intervals, which presents
the expected range of effects in individual studies.22 In
addition, we report the generalized I2 statistic for net-
work meta-analysis and pairwise random-effects meta-
analysis, which describes the proportion of variability
between trials not attributable to chance. Consistency
was explored by comparing direct and indirect esti-
mates of the parameters. We performed a sensitivity
analysis excluding studies considered at critical and
serious risk of bias using the Cochrane Risk of Bias
in Non-randomized Studies of Interventions tool.

Two predefined subgroup analyses for the pri-
mary outcome blood loss were 1) placenta percreta
compared with other types of placenta accreta spec-
trum disorder, either clinically or histologically iden-
tified; and 2) studies that included only women with
confirmed placenta accreta spectrum disorder. Meta-
analyses was performed with the meta and netmeta
packages in R.21

Two reviewers (L.R.B. and D.H.) assessed the risk
of bias of individual studies independently using the
Cochrane Risk of Bias in Non-randomized Studies of
Interventions tool.23 Disagreements were resolved by

discussion with a third reviewer (J.G.v.d.B.). In obser-
vational studies addressing our research question, we
expected confounding by indication to be an impor-
tant source of bias. We considered the expected dis-
ease severity, placenta percreta (yes or no), to be the
most important confounding variable. Results of the
risk-of-bias assessment are shown in a traffic light plot
created with the robvis tool.24 Details on the risk-of-
bias assessment are presented in Appendix 2, avail-
able online at http://links.lww.com/AOG/D737. We
generated a funnel plot to investigate small sample
bias for our primary outcome. We also report the
Egger test.

RESULTS

The literature search yielded 2,312 citations, of which
1,332 were unique. Figure 2 shows the study selection.
In total, 53 studies (6,091 women) were included: two
randomized controlled trials (RCTs; 127 women) and
51 observational studies (5,964 women). We analyzed
50 studies numerically; two studies25,26 were excluded
because of missing SEs for the primary and secondary
outcomes, and one study27 was excluded because the
reported outcome was postpartum hemorrhage of
more than 1,000 mL without information on estimated
blood loss in milliliters. Study characteristics are shown
in Table 1, and details on ultrasonographic criteria

Fig. 2. PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analy-
sis) flow diagram.

Bonsen. Prophylactic Radiologic Interventions
in Women With PAS. Obstet Gynecol 2024.
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Table 1. Characteristics of the Included Studies

First Author, Year
of Publication Country

Study
Design n

Included Patients
Type of PAS
Antepartum

Known

Intervention Control

Primary
Outcome

Adjusted
Analysis

Confirmed
PAS

PAS
Imaging

PAS Risk
Factors Type n n

Al-Hadethi,
201740

Australia R 52 + — — + PBO- CIA 25 27 EBL —

Ballas, 201241 United
States

R 117 + — — + PBO-IIA 59 58 EBL —

Bodner, 200628 United
States

R 28 + — — + PBO-IIA,
PE-UA

6 22 EBL —

Cali, 201442 Italy P 53 — + — + PBO-IIA 30 23 EBL —
Chen, 202143 China R 420 + + + NA PBO-IIA 248 172 EBL —
Chen, 202032 China RCT 100 — + + + PBO-IIA 50 50 EBL —
Chen, 201944 China R 46 + + + + PBO-IIA 23 23 EBL PSM
Chen, 201645 China R 43 — + + NA PBO-AO 20 23 EBL —
Cho, 202046 Korea R 42 + + — + PBO-IIA 17 25 EBL —
Cui, 201747 China R 69 + + — + PBO-AO 38 31 EBL —
Darwish,

201448
Egypt R 44 + + — NA PBO-IIA 32 12 EBL —

Dai, 202049 China P 49 — + + NA PBO-IIA 22 27 EBL —
Duan, 201850 China R 45 + + — NA PBO-AO 22 23 EBL —
Fan, 202151 China P 128 — — + NA PBO-IIA 56 72 EBL —
Fan, 201752 China P 163 — + — NA PBO-IIA 74 89 EBL —
Feng, 202153 China R 41 — + — + PBO-IIA 30 11 EBL —
Firdous, 201154 India R 27 + + — NA PBO-IIA 6 21 EBL —
Gulino, 201825 Italy P 37 — + — NA PBO-IIA 16 21 EBL —
Hong, 202255 China R 58 + + — + PBO-IIA 23 35 EBL —
Huang, 201856 Taiwan R 17 + + — + PE-UA 11 6 EBL —
Huo, 202157 China R 33 — — + NA PBO-AO 17 16 EBL —
Ioffe, 202158 United

States
R 90 + — — + PBO-AO 17 73 EBL —

Lee, 201930 United
States

R 153 + + — + PBO-IIA,
PBO-
AO

28 125 EBL —

Levine, 199959 United
States

P 9 — + — + PBO-IIA,
PBO-
UA

5 4 EBL —

Li, 201860 China R 199 + — — + PBO-IIA 37 87 EBL —
PBO-CIA 42
PBO-AO 33

Li, 201861 China R 56 — — + NA PBO-AO 24 32 EBL —
Li, 202162 China R 480 + + + NA PBO-IIA 288 192 EBL —
Liu, 202263 China R 80 + + — + PBO-AO 40 40 EBL —
Liu, 202264 China R 274 + + — + PBO-AO 168 106 EBL —
Mei, 201829 China R 40 — + + + PBO-IIA,

PE-UA
20 20 EBL —

Mohr-Sasson,
202065

Israel R 272 — + — NA PE-UA 64 208 EBL —

Omar, 201566 United
States

R 42 + + + + PBO-IIA,
PBO-
CIA

14 28 EBL —

Ono, 201767 Japan R 42 + — — + PBO-CIA 29 13 EBL —
Overton,

202268
United

States
R 30 + + — + PBO-IIA 10 20 EBL —

Panici, 201269 Italy P 33 — + — + PBO-AO 15 18 EBL —
Pan, 201726 China R 45 + + + + PE-UA 26 19 EBL —
Peng, 201970 China R 586 + + + + PBO-CIA 38 296 EBL —

PBO-AO 252
Peng, 202071 China R 104 — + + NA PBO-IIA 48 56 EBL —
Picel, 201772 United

States
R 151 + — — + PBO-IIA 90 61 EBL —

Rosner-
Tenerowicz,
202173

Poland R 29 — + — NA PBO-IIA 15 14 EBL —

Salim, 201514 Israel RCT 27 — + + + PBO-IIA 13 14 EBL —

(continued )
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used for placenta accreta spectrum disorder diagnosis
are shown in Appendix 3, available online at http://
links.lww.com/AOG/D737.

The network graph (Fig. 3) shows the pairwise
comparisons within the network meta-analysis.
Thirty studies compared postpartum blood loss in
women with prophylactic balloon occlusion–distal
(n51,582) with a control group without prophylactic
radiologic intervention. Fourteen studies compared
prophylactic balloon occlusion–proximal with a
control group, and five studies evaluated pro-
phylactic embolization of the uterine arteries. Three
studies were excluded from the main analysis
because the data could not be separated per inter-
vention: two studies of prophylactic balloon
occlusion–distal or prophylactic embolization of the
uterine arteries28,29 and one study of prophylactic
balloon occlusion–distal or –proximal.30 Therefore,
the sample sizes were very small. A sensitivity anal-
ysis including these three studies is presented in
Appendix 4, available online at http://links.lww.
com/AOG/D737. Details of the prophylactic radio-
logic interventions are shown in Appendix 5, avail-
able online at http://links.lww.com/AOG/D737.

Figure 3 shows the results for the primary analysis
(network meta-analysis).Women with prophylactic
radiologic interventions had on average a lower vol-
ume of perioperative blood loss compared with the
control group. The mean differences were 2406 mL
(95% CI, 2645 to 2167) for prophylactic balloon
occlusion–distal, 21,041 mL (95% CI, 21,371

to 2710) for prophylactic balloon occlusion–proximal,
and 2936 mL (95% CI, 21,522 to 2350) for pro-
phylactic embolization of the uterine arteries. Hetero-
geneity I2 was 96%, and t was 571 mL.

Results of the pairwise analysis per prophylactic
radiologic intervention, along with the risk-of-bias
judgment per study, are presented in Figure 4. In
studies that compared outcomes of women with pro-
phylactic balloon occlusion–distal with outcomes
from a control group, the mean difference in blood
loss was 2426 mL (95% CI, 2729 to 2123, I2595%,
t5752 mL) (Fig. 4A). In studies comparing pro-
phylactic balloon occlusion–proximal with a control
group, the mean difference was 21,032 mL (95%
CI, 21,522 to 2541, I2596%, t5878 mL) (Fig. 4B).
Finally, in studies that compared prophylactic embo-
lization of the uterine arteries with a control group,
the mean difference was 21,216 mL (95% CI, 22,637
to 205, I2598%, t51,568 mL) (Appendix 6, available
online at http://links.lww.com/AOG/D737).

Within the network meta-analysis, there were
three comparisons that used both direct and indirect
comparisons. The difference between the direct and
indirect estimate was not statistically significant for
either of the comparisons.

The results of our subgroup analysis on type of
placenta accreta spectrum disorder are presented in
Appendix 7, available online at http://links.lww.com/
AOG/D737. Eight studies reported placenta percreta.
In women with placenta percreta, the mean difference
in blood loss for women with prophylactic balloon

Table 1. Characteristics of the Included Studies (continued )

First Author, Year
of Publication Country

Study
Design n

Included Patients
Type of PAS
Antepartum

Known

Intervention Control

Primary
Outcome

Adjusted
Analysis

Confirmed
PAS

PAS
Imaging

PAS Risk
Factors Type n n

Savukyne,
202174

Lithuania R 66 — + — + PBO-IIA 19 47 EBL —

Tan, 200775 Singapore R 25 — + — + PBO-IIA 11 14 EBL —
Wang, 201927 China R 47 + + + + PE-UA 32 15 PPH more

than 1,000
mL

Wang, 201876 United
States

R 31 + + — + PE-UA 7 24 EBL —

Wang, 202277 China R 830 + + — NA PE-UA 276 554 EBL —
Wang, 201778 China P 43 + + + + PBO-AO 10 33 EBL —
Yin, 202279 China R 56 + + — + PBO-AO 28 28 EBL PSM
Yuan, 201980 China R 54 + + + + PE-UA 28 26 EBL —
Zeng, 201781 China R 86 + + — + PBO-AO 48 38 EBL —
Zhang, 202282 China R 134 + + + NA PBO-IIA 38 96 EBL —
Zheng, 202283 China R 264 + + — + PBO-IIA 132 132 EBL PSM
Zhou, 201984 China R 83 + + + NA PBO-IIA 58 25 EBL —

PAS, placenta accreta spectrum disorder; R, retrospective; PBO, prophylactic balloon occlusion; CIA, common iliac arteries; EBL, estimated
blood loss; IIA, internal iliac arteries; PE, prophylactic embolization; UA, uterine arteries; P, prospective; RCT, randomized controlled
trial; NA, not available; PSM, propensity score matching; AO, abdominal aorta; PPH, postpartum hemorrhage.
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occlusion–distal (n5204) compared with control
(n5250) was 2792 mL (95% CI, 21,288 to 2296,
I2548%, t5335 mL).

Almost two-thirds of the studies in this meta-
analysis (n531) had selected women with placenta ac-
creta spectrum disorder that was confirmed postpar-
tum. In this subgroup, the mean difference in blood
loss comparing prophylactic radiologic interventions
with a control group was 2494 mL (95% CI, 2929
to 259) in women with prophylactic balloon
occlusion–distal (n51,180), 21,044 mL (95%
CI, 21,581 to 2507) in women with prophylactic
balloon occlusion–proximal (n5666), and 21,715 mL
(95% CI,22,646 to2784) in women with prophylactic
embolization of the uterine arteries (n5322) (Appendix
8, available online at http://links.lww.com/AOG/
D737).

Thirty-five studies reported data on RBC trans-
fusion. According to a network meta-analysis, women
with prophylactic radiologic interventions received,
on average, a lower number of RBC units transfused:
mean difference of 21.13 (95% CI, 22.27 to 0.02) for
prophylactic balloon occlusion–distal, 21.90 (95%
CI, 23.55 to 0.25) for prophylactic balloon
occlusion–proximal, and 21.86 (95% CI, 24.52 to
0.80) for prophylactic embolization of the uterine

arteries (Appendix 9, available online at http://links.
lww.com/AOG/D737).

The included studies presented limited information
about indications for hysterectomy. We present the
reported information on the number of hysterectomies
per intervention in Appendix 10, available online at
http://links.lww.com/AOG/D737. In addition, we
documented the number of women in studies who
had only planned hysterectomy. The majority of the
included studies did not report any information about
our predefined secondary outcomes, including shock,
transfer to a higher level of care, coagulopathy, organ
dysfunction, and patient-reported outcomes. Therefore,
we did not report results on these secondary outcomes.

Adverse events reported in the included studies
are summarized in Appendix 11, available online at
http://links.lww.com/AOG/D737. Thirty-nine stud-
ies reported data on adverse events related to prophy-
lactic radiologic intervention, and 36 reported data on
surgical complications.

In the prophylactic balloon occlusion–distal
group (n5953), 21 adverse events (z2%) related to
the prophylactic radiologic intervention were re-
ported, with thrombus formation in nine patients.
Appendix 11 (http://links.lww.com/AOG/D737)
presents the percentage of the total number of adverse

Fig. 3. Network meta-analysis pri-
mary outcome: blood loss. A. Net-
work graph. Black dots represent the
type of intervention with number of
women (n); gray lines represent the
pairwise comparisons with the
number of studies that evaluated a
specific comparison (ie, a single
study with more than one compari-
son can be shown multiple times in
the figure). B. Forest plot: results of
the random-effects model. Number
of included studies, n547; hetero-
geneity: I2596%, t5571 mL. PBO,
prophylactic balloon occlusion; PE-
UA, prophylactic embolization of
the uterine arteries; MD, mean dif-
ference.

Bonsen. Prophylactic Radiologic Inter-
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events divided by number of women. This might be
an overestimation because multiple adverse events
can occur in one patient. We classified complications
according to the Cardiovascular and Interventional
Radiological Society of Europe classification system,
acknowledging that not all adverse events were cate-
gorized because of the unavailability of data.31

Sixteen adverse events (z2%) occurred in the
prophylactic balloon occlusion–proximal group,

with thrombus formation in 14 patients. In the pro-
phylactic embolization of the uterine arteries group,
42 adverse events (z45.2%) related to the pro-
phylactic intervention occurred, and 32 of these were
lumbosacral pain. Appendix 11 (http://links.lww.
com/AOG/D737) also presents surgical complica-
tions per intervention. One maternal death attributed
to diffuse intravascular coagulation was reported.
Three women with a cardiac arrest were reported

Fig. 4. Forest plot of meta-analysis per intervention for primary outcome blood loss and risk-of-bias assessment. Pro-
phylactic balloon occlusion (PBO)–distal (A) and PBO-proximal (B). *Results of intervention prophylactic embolization-
uterine arteries are presented in Appendix 6, available online at http://links.lww.com/AOG/D737. MD, mean difference.
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across different studies, all in control groups and all
with successful resuscitation.

According to our risk-of-bias judgments, 18
studies were rated as critical, 23 studies as serious,
11 studies as moderate, and one study as low (Fig. 4
shows prophylactic balloon occlusion–distal and
–proximal, and Appendix 6, http://links.lww.com/
AOG/D737, shows prophylactic embolization of the
uterine arteries). Publication bias was unlikely ac-
cording to both visual inspection of the funnel plot
and the Egger test (Appendix 12, available online at
http://links.lww.com/AOG/D737). The sensitivity
analysis in studies with low to moderate risk of bias
(n511) showed that the mean difference in blood loss
in women with prophylactic balloon occlusion–distal
(n5376) was 2447 mL (95% CI, 2920 to 27), com-
parable with the primary analysis, and in women with
prophylactic balloon occlusion–proximal (n5244)
was 21,708 mL (95% CI, 22,351 to 21,065)
(Appendix 13, available online at http://links.lww.
com/AOG/D737).

DISCUSSION

The present systematic review and network
meta-analysis shows that prophylactic radiologic
interventions placed before a planned cesarean deliv-
ery in women with placenta accreta spectrum disorder
were associated with reduced perioperative blood loss
and less RBC transfusion. This association was
observed for prophylactic balloon occlusion–distal
and –proximal and for prophylactic embolization and
was most pronounced among women with confirmed
placenta percreta. Considerable heterogeneity across
studies precludes the generalizability of the overall
estimated effect to different severities of placenta ac-
creta spectrum disorder.

Previous studies have shown inconsistent findings
regarding the efficacy of prophylactic radiologic
interventions to reduce peripartum blood loss in
women at risk of placenta accreta spectrum disorder.
Notably, two single-center RCTs have investigated
the use of prophylactic distal balloon catheters in
women with placenta accreta spectrum disorder.
Neither study observed a reduction in blood loss
attributable to the intervention.14,32 An explanation
for this might be the small sample size and the low
number of placenta percreta cases in the first pub-
lished RCT (2015).14 In the most recent RCT
(2020), the absence of an effect may have been the
result of unsuccessful randomization, leading to a dis-
balance in the number of placenta percreta.32

Observational studies of different types of pro-
phylactic radiologic interventions have been assessed

as an intrapartum management strategy to reduce
postpartum hemorrhage in women with placenta
accreta spectrum disorder. These interventions
include prophylactic balloon occlusion (distal or
proximal) and prophylactic embolization (distal). In
the present network meta-analysis, we merged the
results of all studies with pairwise comparisons of one
or more of the interventions and a control group. We
did not predefine the aim to determine treatment
ranks; thus, we do not present data on this aspect.

A strength of our study compared with the prior
literature was our thorough assessment of the risk of
bias in individual studies.12,33–35 We used the Co-
chrane Risk of Bias in Non-randomized Studies of
Interventions tool, which covers seven bias domains
extensively.23 As illustrated in Figure 4, the most crit-
ical domain in our study was domain 1: bias attribut-
able to confounding. We considered disease severity,
defined as placenta percreta (yes or no), the most cru-
cial confounding variable. We assumed that women
with a more severe type of placenta accreta spectrum
disorder were more likely to receive a prophylactic
radiologic intervention and that these women were
more likely to have more severe postpartum hemor-
rhage. This bias could lead to an underestimation of
the effect. Potential confounding by disease severity
could not be an explanation for the protective associ-
ation of the prophylactic radiologic intervention that
we found in the present meta-analysis. Yet, other con-
founding variables such as hospital-specific character-
istics or the fact that some studies used a historical
cohort as a comparison could explain this result. In
both situations, treatment variation could cause con-
founding. Our sensitivity analysis in which we
included only studies with low or moderate risk of
bias (n511) showed stable results for prophylactic
balloon occlusion–distal and prophylactic balloon
occlusion–proximal. All studies on prophylactic
embolization of the uterine arteries (n55) were judged
as having serious or critical risk of bias and were
therefore excluded.

An important result was the high level of hetero-
geneity between the included studies. This is shown
by both the between-trial variance (t2) with prediction
interval and the I2 statistic, which is the percentage of
total variation across studies that is the result of het-
erogeneity rather than chance. The most likely expla-
nation for the heterogeneity is that placenta accreta
spectrum disorder is characterized by a wide range
of severities, from placenta accreta to the most severe
type, placenta percreta. This is corroborated in our
subgroup analysis focusing on placenta percreta in
which the heterogeneity was markedly lower
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(I2548%). Unfortunately, only a very limited number
of the included studies could be included in this sub-
group analysis (n58). Because placenta accreta spec-
trum disorder is such a heterogeneous condition, one
should not aim to generalize the overall estimated
effect to different severities of placenta accreta spec-
trum disorder. A second possible explanation for the
heterogeneity resides in differences in treatments
across studies and across countries. We aimed to com-
pare women with placenta accreta spectrum disorder
who received prophylactic radiologic interventions
with women who did not receive such interventions.
To make this comparison, ideally one should assume
that all women received standard care for postpartum
hemorrhage according to similar guidelines. Different
surgical approaches, including planned hysterectomy
or uterine-preserving surgery, could also explain the
heterogeneity.36–38 Unfortunately, we were not able
to study hysterectomy as an outcome because data
on the indication were not available in the majority
of the studies. Furthermore, we were unable to collect
data on most of our predefined secondary outcome
measures because the majority of the included studies
did not report any information on these outcomes.
The use of blood loss as a primary outcome has its
known limitations; there exists a level of inaccuracy in
estimating the volume of postpartum blood loss.39 In
addition, there was variation in the methodology of
blood loss estimation between studies. We think this
might have affected the results within studies, but we
believe it is unlikely that differences in methodology
have a significant effect on our overall results.

Data on adverse events related to the radiologic
intervention were not reported by all studies. Conse-
quently, we cannot make definitive statements about
safety. In the studies that did report adverse events of
the radiologic intervention, about 2% of women
experienced such events in both the prophylactic
balloon occlusion–proximal and prophylactic bal-
loon occlusion–distal groups. Because of the large
variability in the reporting of adverse events across
studies, caution is warranted in comparisons of the
percentage of adverse events in the prophylactic
embolization of the uterine arteries group (12%).

There was substantial variation in inclusion crite-
ria between studies. Thirty-one studies included
women with a confirmed postpartum diagnosis, con-
stituting a subgroup within the population of interest
for this systematic review. This distinction is crucial
because the decision to use a prophylactic radiologic
intervention is always made antepartum, potentially
leading to the inclusion of women who did not get a
postpartum placenta accreta spectrum disorder diag-

nosis. Our subgroup analysis of women with con-
firmed placenta accreta spectrum disorder revealed
results similar to those of our main analysis.

Our main analysis reveals differences in out-
comes among the three interventions, with proximal
balloon occlusion demonstrating the strongest effect.
Our results show a blood loss reduction of 406 mL by
distal prophylactic balloon occlusion. An explanation
for the differences between the results of prophylactic
balloon occlusion–distal and prophylactic balloon
occlusion–proximal could be that implementing
occlusion at a distal level may be less effective because
of bleeding from the collateral circulation.2,5 In this
study, we included only five studies on prophylactic
embolization, all of which had severe or critical risk of
bias. This, in combination with the wide CI as a result
of the small sample size, limited our ability to inter-
pret the results of this intervention.

In sum, we believe that this critical overview of
the available evidence provides valuable insights for
clinical decision making. Our study highlights that, if
we were to be certain of the diagnosis of placenta
accreta spectrum disorder antepartum, prophylactic
radiologic intervention could help reduce peripartum
blood loss. However, the current limitation lies in the
suboptimal accuracy of antepartum diagnosis, leading
to potential overtreatment of women.

In conclusion, although the predominance of
observational studies in the included literature war-
rants caution in the interpretation of the findings of
this meta-analysis, our findings suggest that prophy-
lactic placement of balloon catheters or sheaths before
a planned cesarean delivery in women with placenta
accreta spectrum disorder may, in some cases, reduce
perioperative blood loss. Further study is required to
quantify the efficacy according to various severities of
placenta accreta spectrum disorder and the associated
safety of these radiologic interventions.
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