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Abstract

Background Cesarean hysterectomy as a traditional therapeutic maneuver for placenta accreta spectrum (PAS)
has been associated with serious morbidity, conservative management has been used in many institutions to
treat women with PAS. This systematic review aims to compare maternal outcomes according to conservative
management or cesarean hysterectomy in women with placenta accreta spectrum disorders.

Methods A systematic literature search was performed in MEDLINE, EMBASE, Cochrane Central Register of
Controlled Trials, Web of Science, and four Chinese databases (Chinese Biomedical Literature Database, China
National Knowledge Infrastructure, Chinese Wanfang database and VIP database) to May 2024. Included studies
were to be retrospective or prospective in design and compare and report relevant maternal outcomes according to
conservative management (the placenta left partially or totally in situ) or cesarean hysterectomy in women with PAS,
A risk ratio (RR) with 95% confidence interval (95% Cl) was calculated for categorical outcomes and weighted mean
difference (WMD) with 95% Cl for continuous outcomes. The Newcastle-Ottawa Quality Assessment Scale was used
to assess the observational studies. All analyses were performed using STATA version 18.0.

Results Eight studies were included in the meta-analysis. Compared with cesarean hysterectomy, PAS women
undergoing conservative management showed lower estimated blood loss [WMD —1623.83; 95% Cl: -2337.87,
-909.79], required fewer units of packed red blood cells [WMD —2.37; 95% Cl: -3.70, -1.04] and units of fresh frozen
plasma transfused [WMD —0.40; 95% Cl: -0.62, -0.19], needed a shorter mean operating time [WMD —73.69; 95% Cl:
-90.52, -56.86], and presented decreased risks of bladder injury [RR 0.24; 95% Cl: 0.11, 0.50], ICU admission [RR 0.24;
95% Cl:0.11, 0.52] and coagulopathy [RR 0.20; 95% Cl: 0.06, 0.74], but increased risk for endometritis [RR 10.91; 95% Cl:
1.36, 87.59] and readmission [RR 8.99; 95% Cl: 4.00, 12.21]. The incidence of primary or delayed hysterectomy rate was
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in conservative management.

Prospero ID CRD42023484578.

Placenta left in situ

25% (95% Cl: 19-32, P =40.88%) and the use of uterine arterial embolization rate was 78% (95% Cl: 65-87, I’ =48.79%)

Conclusion Conservative management could be an effective alternative to cesarean hysterectomy when women
with PAS desire to preserve the uterus and are informed about the limitations of conservative management.

Keywords Placenta accreta, Maternal outcomes, Conservative management, Cesarean section, Hysterectomy,

Introduction

Placenta Accreta Spectrum (PAS) disorders refer to the
abnormal attachment of the placental trophoblast to the
uterine myometrium resulting in partial or total retention
of the placenta at the time of delivery [1-3]. Depending
on the depth of placental implantation into the uterine
myometrium, PAS disorders include placenta accreta,
placenta increta, and placenta percreta [1]. PAS is one of
the most life-threatening conditions during pregnancy,
and can cause a series of serious maternal complications
including severe postpartum hemorrhage (PPH), hemor-
rhagic shock, hysterectomy, multisystem organ failure,
disseminated intravascular coagulation (DIC), and even
death [2-5]. The incidence of PAS has been increasing in
recent decades as cesarean delivery rates have increased
worldwide, ranging from 1.7 to 4.6 per 10,000 deliveries
according to a few prospective population-based studies
[5-7].

The American College of Obstetricians and Gynecolo-
gists (ACOG) recommends cesarean hysterectomy as the
principal and preferred treatment for women with PAS
because of the high risk of excessive blood loss when
removing the placenta [8]. However, cesarean hysterec-
tomy as a traditional therapeutic maneuver causes sec-
ondary infertility and brings serious morbidity, especially
in terms of massive blood loss and adjacent organ injury,
becoming a major bothersome and troublesome disease
of women of the reproductive period [9]. A study also
showed that women with PAS disorders were more likely
to report decreased quality of life, feelings of grief and
depression after cesarean hysterectomy [3, 10]. Recently,
conservative management (defined as the placenta left
partially or totally in situ) has been widely advocated by
experts as a means of preserving fertility and reducing
rates of maternal morbidity [11]. One of the conservative
managements presented by the International Federation
of Gynecology and Obstetrics (FIGO) was to leave the
placenta partially or totally in the uterine cavity allow-
ing for its complete natural resorption [3, 12]. A recent
retrospective multicenter study of 15 women with PAS
managed with conservative managements showed that
only 2 women underwent a delayed hysterectomy and the
incidence of main complications was low [13]. Another
retrospective cohort study also found that subsequent

fertility was not affected in women following conserva-
tive management with PAS disorders [14].

A few retrospective or prospective observational stud-
ies that compared maternal outcomes according to con-
servative management and cesarean hysterectomy for
women with PAS were presented. This study aims to
summarize the findings of these published studies using
meta-analytic methods in order to compare maternal
outcomes such as estimated blood loss, units of packed
red blood cells transfused, bladder injury, admission
to intensive care unit (ICU), endometritis, primary or
delayed hysterectomy and so on.

Materials and methods

Information sources and search strategy

The study was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline 2020 [15]. We searched
MEDLINE, EMBASE, Cochrane Central Register of Con-
trolled Trials, Web of Science, and four Chinese data-
bases (Chinese Biomedical Literature Database, China
National Knowledge Infrastructure, Chinese Wanfang
database and VIP database) to May 2024. The search
strategy combined MeSH headings with free text words.
There were no restrictions for language, date of publi-
cation, or geographic location. The details of the search
strategy were shown in Table S1. The study protocol was
registered with the International Prospective Register of
Systematic Reviews (PROSPERO) (registration number:
CRD42023484578).

Eligibility criteria and study selection

All identified articles were transferred into EndNote
X9. Literature selection was completed independently
by two researchers according to inclusion and exclusion
criteria, with inconsistencies were resolved by the third
researcher. Firstly, duplicate literature was excluded,
and only one copy was reserved. Furthermore, any lit-
erature irrelevant to the research topic was excluded by
carefully screening the title and abstract. Finally, the lit-
erature included was determined by reading the full-text
carefully.
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Inclusion criteria

The participant was pregnant with PAS disorders and
performed a cesarean delivery. In addition, eligible stud-
ies compared relevant maternal outcomes according to
conservative management or cesarean hysterectomy for
women with PAS. Furthermore, studies should be retro-
spective or prospective in design.

Exclusion criteria

The studies that did not compare maternal outcomes of
conservative management and cesarean hysterectomy
for PAS women were excluded. The studies that did not
leave the placenta in situ in conservative management or
did not involve cesarean delivery were excluded. Lastly,
reviews, case reports and the studies published as confer-
ence abstracts were excluded.

Data extraction and quality assessment

Data extraction was completed independently by two
researchers and the following variables were recorded:
author name, publication year, study location, study
type, study time, sample size, patient characteristics and
maternal outcomes. The primary outcome was estimated
blood loss, and secondary outcomes included units of
packed red blood cells transfused, bladder injury, endo-
metritis and so on. Two independent researchers used
the Newcastle-Ottawa Quality Assessment Scale (NOS
Scale) to assess the studies. The NOS scale assessed lit-
erature quality from three components: selection of
cohorts, comparability of cohorts, and outcomes in
cohort studies [16]. According to the NOS scale score,
the studies were classified as low quality literature (<4
stars), medium quality literature (4—6 stars) and high-
quality literature (7-9 stars).

Data analyses

All analyses were performed using STATA version 18.0
(Stata Corporation, College Station, Texas, USA). The
heterogeneity of studies was estimated using I test and
P-values. If outcomes showed a significant heterogene-
ity (?>50%, P<0.1), a random-effects model was used to
analyze the data; if no significant heterogeneity (F><50%,
P>0.1) was shown, a fixed-effects model was used to
analyze the data. P-value<0.05 was considered statisti-
cally significant. The risk ratio (RR) with 95% confidence
interval (95% CI) was calculated for categorical outcomes
and weighted mean difference (WMD) with 95% CI was
calculated for continuous outcomes. Due to a limitation
in the number of studies and the judgment of funnel plot
symmetry being relatively subjective [17], the method
of quantitative detection of publication bias, including
Egger’s test and Begg’s test were adopted. If outcomes
showed publication bias (P<0.05), the stability of the
results was evaluated by Trim-and-fill method. Further
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subgroup analysis of outcomes with significant heteroge-
neity was conducted according to area income. And sen-
sitivity analysis was performed.

Results

Study selection

We identified 4669 studies through database and register
searching, of which 2099 duplicates were automatically
excluded. Moreover, 2403 studies were excluded from
title screening and 134 studies from abstract screening.
Ultimately, 8 studies were included in the review after
full-text screening of 33 studies [5, 18-24]. The study
selection process is shown in Fig. 1.

Study characteristics

We included eight studies from eight countries and
reported maternal outcomes of 579 women with pla-
centa accreta after conservative management or cesarean
hysterectomy. Moreover, 5 studies were retrospective in
design and 3 studies were prospective in design. All but
three were conducted in high-income areas. Detailed
study characteristics were shown in Table 1.

Risk of included studies bias

The results of the risk of bias assessment were shown in
Table S2. All studies scored>7 on the Newcastle-Ottawa
Quality Assessment Scale.

Sensitivity analysis

Sensitivity analysis by the “leave-one-out” method found
that our results were robust. In addition, for each mater-
nal outcome, the original study results did not change
substantially after each included study was excluded sep-
arately. The sensitivity analysis result of the primary out-
come was shown in Figure S1.

Synthesis of results

Maternal outcomes

PAS women with conservative management showed
lower estimated blood loss (in mL) [WMD —1623.83;
95% CI: -2337.87, -909.79; ’=91.20%) (Fig. 2), required
fewer units of packed red blood cells transfused [WMD
—2.37; 95% CI: -3.70, -1.04; ’=86.61%] and units of fresh
frozen plasma transfused [WMD -0.40; 95% CI: -0.62,
-0.19; =0.00%)] (Fig. 3) than PAS women with cesarean
hysterectomy.

PAS women with conservative management decreased
risks of the following outcomes compared with PAS
women with cesarean hysterectomy: bladder injury [RR
0.24; 95% CI: 0.11, 0.50; °=0.00%) (Fig. 4), ICU admis-
sion [RR 0.24; 95% CI: 0.11, 0.52; ’=0.00%] (Fig. 5) and
coagulopathy [RR 0.20; 95% CI: 0.06, 0.74; I’=0.00%]
(Fig. 6). Those with conservative management also had
shorter mean operating time (in minutes) [WMD —73.69;
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Fig. 1 Study screening process

95% CI: -90.52, -56.86; I’=24.07%) (Fig. 7). However, PAS
women with conservative management increased risk for
endometritis [RR 10.91; 95% CI: 1.36, 87.59; F=0.00%]
and readmission [RR 8.99; 95% CI: 4.00, 12.21; *=0.00%)]
(Fig. 6). There was no statistically significant difference in
hospital stays (in days) [WMD 0.13; 95% CI: -2.33, 2.58;
P>0.1] (Fig. 8) between the two groups. The incidence of
primary or delayed hysterectomy rate was 25% (95% CI:
19-32, I’=40.88%) (Fig. 9) and the use of uterine arterial
embolization rate was 78% (95% CI: 65—87, ’=48.79%)
(Fig. 10) in PAS women with conservative management.

Subgroup analysis

The outcomes of estimated blood loss and units of packed
red blood cells transfused were subgroup analyzed by
area income because of the significant heterogeneity
(P>50%). PAS women with conservative management
showed observably lower estimated blood loss (in mL)
[WMD —2346.75; 95% CI: -4344.79, -348.70; P=94.37%)
(Fig. 11) and required observably fewer units of packed
red blood cells transfused [WMD —5.42; 95% CI: -9.25,
-1.60; P=80.54%)] (Fig. 12) in high-income areas than
PAS women with cesarean hysterectomy in high-income
areas. But PAS women with conservative management
showed not obviously lower estimated blood loss (in mL)
[WMD -1126.31; 95% CI: -1425.31, -827.31; I’=8.73%]
(Fig. 11) and required not obviously fewer units of packed

Not English or Chinese (n=1)

Did not leave the placenta in suit in
conservative treatment (n=11)

Published as a conference abstract (n=5)
Outcome indicators did not match (n=2)

red blood cells transfused [WMD -0.75; 95% CI: -1.04,
-0.45; P=0.00%] (Fig. 12) in low- and middle-income
areas than PAS women with cesarean hysterectomy in
low- and middle-income areas.

Publication bias

Begg’s test did not indicate publication bias (P=0.23
for estimated blood loss (in mL), P=0.81 for the use of
uterine arterial embolization). Egger’s test did not indi-
cate publication bias (P=0.79 for units of fresh frozen
plasma transfused, P=0.63 for bladder injury, P=0.06
for ICU admission, P=0.91 for coagulopathy, P=0.10 for
mean operating time (in minutes), P=0.76 for endome-
tritis, P=0.68 for readmission, P=0.76 for hospital stays
(in days), P=0.56 for primary or delayed hysterectomy).
Although Egger’s and Begg’s tests did indicate publica-
tion bias for units of packed red blood cells transfused
(P<0.05), the main outcome did not change after using
the Trim-and-fill method [WMD -0.77; 95% CI: -2.16,
-0.63].

Discussion

Principal findings and implications

The meta-analysis compared the maternal outcomes
according to conservative management and cesarean hys-
terectomy for women with PAS. Those who had conser-
vative management showed lower estimated blood loss,
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Reference Country Study Study time Sample size  Participant characteristics Maternal outcomes(Conservative vs.
design Hysterectomy)
Amsalem  Canada Retrospec-  2000-2009 26 (10 with Women with placenta Estimated blood loss (mL) (Mean, SD): 900
etal [18] tive cohort conservative  accreta and mean age of (754) vs. 3625 (2154); Packed red blood
study management  around 34.8 years; mean cells transfused (units) (Mean, SD): 2 (3.1)
and 16 with gravidity of 4.1; mean par-  vs. 4.2 (2.3); Amount of fresh frozen plasma
cesarean ity of 1.9; mean previous transfused (units) (Mean, SD): 0.7 (2.1) vs.
hysterectomy) dilatation and curettage of 1.3 (1.6); Risk of bladder injury: RR 0.40 (95%
0.6; mean previous uterine  Cl: 0.05, 3.09); Risk of coagulopathy: RR 0.23
scarsof 1.8 (95% Cl: 0.03, 1.59); Hospital stay (days)
(Mean, SD): 8.1 (3.4) vs. 11.8 (6.8); Risk of ICU
admission: RR 0.53 (95% Cl: 0.06,4.45)
Chung et Hong Retrospec-  2005.5-2011.5 15 (6 with Women with placenta Estimated blood loss (mL) (Mean, SD): 627
al.[19] Kong, tive cohort conservative  accreta and mean age of (390) vs. 4544 (1506); Packed red blood
China study management  around 36.5 years; mean cells transfused (units) (Mean, SD); 0.8 (1.2)
and 9 with gravidity of 4.5; mean parity vs. 9.8 (5); Risk of bladder injury: RR 0.48
cesarean of 1.5; mean previous ce- (95% Cl: 0.02,10.07); Risk of endometri-
hysterectomy) sarean section of 1.3; mean  tis: RR 7.14 (95% Cl: 0.40, 127.07); Risk of
previous uterine curettage  readmission: RR 15.71 (95% Cl: 1.03, 240.75);
of 1.5 Hospital stay (days) (Mean, SD): 18.1 (11.7)
vs. 14.7 (12.4); Risk of ICU admission: RR
0.75 (95% Cl: 0.09, 6.55); Mean operating
time (min) (Mean, SD): 57 (18) vs. 148 (49)
Kutuk etal.  Turkey Retrospec-  2010.5-2016.8 32 (15 with Women with placenta Estimated blood loss (mL) (Mean, SD): 736
21 tive cohort conservative  accreta and mean age of (647) vs. 2000 (751); Packed red blood cells
study management  around 33 years; mean transfused (units) (Mean, SD): 0.2 (0.4) vs.
and 17 with gravidity of 4, mean parity 0.9 (0.6); Amount of fresh frozen plasma
cesarean of 2.5; mean previous cesar- transfused (units) (Mean, SD): 0.1 (0.2) vs.
hysterectomy) ean deliveries of 1.5 0.5 (0.4); Risk of bladder injury: RR 0.25 (95%
Cl:0.01,4.54); Hospital stay (days) (Mean,
SD): 84 (5.2) vs. 6.8 (4.5); Mean operating
time (min) (Mean, SD): 81 (13) vs. 146 (38)
El Gelany et Egypt Retrospec- 2017.1-2018.8 54 (16 with Women with placenta Estimated blood loss (mL) (Mean, SD): 2120
al. [20] tive cohort conservative  accreta and mean age of (870) vs. 2840 (1120); Packed red blood
study management  around 32.5 years; 70% had  cells transfused (units) (Mean, SD): 2.9 (0.6)
and 38 with more than three pregnan-  vs. 3.8 (1.2); Risk of bladder injury: RR 0.16
cesarean cies; 78% had previous (95% Cl: 0.02, 1.10); Risk of coagulopathy:
hysterectomy) history of cesarean delivery; RR 0.25 (95% CI: 0.01, 4.48); Risk of ICU
35% had history of placenta admission: RR 0.30 (95% Cl: 0.04, 2.18)
previa
Lional etal. Singapore  Retrospec- 2006.1-2017.12 74 (23 with Women with placenta Estimated blood loss (mL) (Mean, SD): 517
[22] tive cohort conservative  accreta and mean age of (2563) vs. 3169 (2563); Packed red blood
study management  around 34 years; mean cells transfused (units) (Mean, SD): 1.2 (5.8)
and 51 with gravidity of 3; mean parity ~ vs. 7.2 (5.8); Risk of bladder injury: RR 0.07
cesarean of 2; around 95.5% had (95% Cl: 0.00, 1.20); Risk of readmission: RR
hysterectomy) previous history of cesarean 832 (95% Cl: 3.10, 22.31); Mean operating
delivery time (min) (Mean, SD): 71 (98) vs. 172 (98)
Srinivasan  India Retrospec-  2010-2020 34 (24 with Women with placenta Estimated blood loss (mL) (Mean, SD): 1360
etal. [23] tive and conservative  accreta and mean age of (563) vs. 2580 (737); Risk of bladder injury:
prospec- management around 32.2 years;around ~ RR0.15 (95% Cl: 0.01, 3.32); Risk of coagu-
tive obser- and 10 with 93% women were multi- lopathy: RR 0.14 (95% Cl: 0.02, 1.18); Risk of
vational cesarean gravida; around 82.5% had  ICU admission: RR 0.09 (95% Cl: 0.02, 0.35)
study hysterectomy) previous history of cesarean

delivery; around 40% had
history of dilatation and
curettage
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Reference Country  Study Study time Sample size  Participant characteristics Maternal outcomes(Conservative vs.
design Hysterectomy)
Sentilhes et France Prospec- 2013.11-2015.10 148 (86 with Women with placenta Risk of bladder injury: RR 0.31 (95% Cl: 0.08,
al. [5] tive obser- conservative  accreta and mean age of 1.15); Risk of endometritis: RR 13.57 (95% Cl:
vational management  around 34.7 years; around 0.81, 228.70); Risk of readmission: RR 8.531
study and 62 with 10.8% were nulliparous; (95% Cl: 2.10, 34.71)
cesarean around 79.7% had at least
hysterectomy) 1 previous uterine surgery;
around 76.5% had history
of placenta previa
Papinget  Germany Prospec- 2020.1-2022.6 196 (10 with Women with placenta Estimated blood loss (mL) (Mean, SD): 1704
al. [24] tive obser- conservative  accreta and mean age of (614) vs. 2015 (295); Risk of bladder injury:
vational management  around 34 years; mean RR 0.48(95% Cl: 0.07, 3.13); Risk of ICU
study and 186 with  gravidity of 3; mean par- admission: RR 0.24 (95% Cl: 0.04, 1.58)
cesarean ity of 2; mean previous
hysterectomy) cesarean deliveries of 2;

around 85.7% had history
of placenta previa

Abbreviations RR, risk ratio; ICU, intensive care unit; Cl, confidence interval; WMD, weighted mean difference; SD, standard deviation

Conservative Hysterectomy WMD Weight

Author N Mean SD N Mean SD with 95% CI (%)
Srinivasanetal 24 1360 563 10 2580 737 :-.— -1220.00 [ -1675.10, -764.90] 16.59
El Gelanyetal 16 2120 870 38 2840 1120 i —l—| -720.00[ -1335.64, -104.36] 15.71
Kutuk et al 15 736 647 27 2000 751 JII— -1264.00 [ -1716.12, -811.88] 16.60
Amsalemetal 10 900 754 16 3625 2154 —l—:— -2725.00 [ -4119.01, -1330.99] 10.60
Chung et al 6 627 390 9 4544 1506 —u— : -3917.00 [ -5162.69, -2671.31) 11.54
Lional et al 23 517 2563 51 3169 2563 —I—{— -2652.00 [ -3913.72, -1390.28] 11.43
Paping et al 10 1704 614 186 2015 295 ' M| -311.00[ -512.68, -109.32] 17.53
Overall -IO -1623.83 [ -2337.87, -909.79]
Heterogeneity: T° = 746330.99, I* = 91.20%, H* = 11.37 E

Testof §, = 6;: Q(6) = 68.21, p = 0.00 :

Testof 8 =0:z=-4.46, p =0.00 :

-6000 -4000 -2000 0

Random-effects DerSimonian - Laird model

Fig. 2 Estimated blood loss (mL) for PAS women undergoing conservative management or cesarean hysterectomy

required fewer units of packed red blood cells transfused
and units of fresh frozen plasma transfused, needed
shorter mean operation time, and presented decreased
risks of bladder injury, ICU admission and coagulopathy,
but had an increased risks for endometritis and read-
mission, compared with women with PAS undergoing
cesarean hysterectomy. There was no statistically signifi-
cant difference in hospital stays between the two groups.
Subgroup analysis showed that women with PAS treated
conservativly had better effects on maternal outcomes of
estimated blood loss and packed red blood cells trans-
fusion in high-income areas than in low- and middle-
income areas. The review also showed that the incidence
of primary or delayed hysterectomy rate was 25% and the
use of uterine arterial embolization rate was 78% for con-
servative management.

PAS disorders have become a momentous contributor
to severe maternal morbidity. Predictors for PAS include
previous cesarean delivery, placenta previa, assisted

reproductive technologies (ART), uterine surgeries, mul-
tiparity, and advanced gestational age [25]. Due to the
lack of randomized clinical trials, the best management
strategy for pregnant women with PAS is still undefined
worldwide [26]. A recent retrospective cohort study by
Aryananda et al. showed that cesarean hysterectomy
was significantly associated with higher mean blood loss
(3168+1916 mL vs. 1379£769 mL), massive transfusion
(35.3% vs. 2.5%), bladder injury (20.6% vs. 4.5%), DIC
(5.9% vs. 0.5%) and ICU admission (32.4% vs. 1.5%) com-
pared with uterine preservation in women with PAS [27],
which were in line with our study. Our results were also
in concordance with those of Nieto-Calvache et al. who
included 75 women with PAS and indicated that cesar-
ean delivery and hysterectomy group had a greater blood
transfusion frequency (81.8% vs. 67.2%) and a longer
operation time (216.5 min vs. 164.4 min) than the con-
servative group [28]. These findings demonstrated high
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Conservative Hysterectomy WMD Weight
Author N Mean SD N Mean SD with 95% ClI (%)
Amount of fresh frozen plasma transfused(units) ] |
Kutuk et al 15 01 02 27 05 04 | -0.40[ -0.62, -0.18] 25.99
Amsalem et al 10 07 21 16 13 16 } -0.60[ -2.03, 0.83] 12.31
Heterogeneity: 1° = 0.00, I* = 0.00%, H = 1.00 I 4| -0.40[ -0.62, -0.19]
Test of 8, = 6;: Q(1) = 0.07, p = 0.79 } :
Test of 6 =0:z2=-3.70, p = 0.00 I
[
Packed red blood cells transfused(units) : :
El Gelany et al 16 29 06 38 38 12 | | -0.90[ -1.52, -0.28] 21.85
Kutuk et al 15 02 04 27 09 06 : J -0.70 [ -1.04, -0.36] 25.03
Amsalem et al 10 2 31 16 42 23 —@—{{ -220[ -4.28, -0.12] 7.67
Chung et al 6 08 12 9 98 5§ —a— : : -9.00[-13.12, -4.88] 247
Lional et al 23 12 58 51 72 58 —a—— | || -6.00[ -8.86, -3.14] 4.69
Heterogeneity: T° = 1.45, I” = 86.61%, H” = 7.47 <@ || -237[ -3.70, -1.04]
Test of 6, = 8;: Q(4) = 29.87, p = 0.00 } :
Testof 8 = 0: z = -3.49, p = 0.00 .
N
Random-effects DerSimonian - Laird model } :
) ; il
-15 -10 -5 0

Fig. 3 Units of blood transfused for PAS women undergoing conservative management or cesarean hysterectomy

Conservative Hysterectomy Risk ratio Weight

Author Yes No Yes No with 95% CI (%)
Srinivasan et al 0 24 1 9 L i 0.15[0.01, 3.32] 5.33
El Gelany et al 1 15 15 23 + 0.16[0.02, 1.10] 22.73
Kutuk et al 0 15 24 1. 0.25[0.01, 4.54] 6.51
Amsalem et al 1 12 —1—!—— 0.40[0.05, 3.09] 7.87
Chung et al 0 6 1 8 1 = 0.48[0.02, 10.07] 3.16
Lional et al 0 23 14 37 = | 0.07[0.00, 1.20] 23.42
Sentilhes et al 3 83 7 55 _|._ 0.31[0.08, 1.15] 20.80
Paping et al 1 9 39 147 —If—l—— 0.48[0.07, 3.13] 10.18
Overall < 0.24[0.11, 0.50)
Heterogeneity: I° = 0.00%, H* = 1.00 :

Testof 6, = 6;: Q(7) = 2.06, p = 0.96 :

Testof 6 =0: z=-3.80, p = 0.00 :

1128 116 12 4

Fixed-effects Mantel - Haenszel model

Fig. 4 Bladder injury for PAS women undergoing conservative management or cesarean hysterectomy

postoperative morbidity of cesarean hysterectomy as a
traditional therapeutic maneuver.

Currently, conservative management has been used
in many institutions to treat women with PAS to mini-
mize severe postoperative morbidity and preserve fertil-
ity. A recent study reviewing 17 women with PAS who
were conservatively treated by leaving the placenta in
situ indicated that the uterus retention rate was 88% and
all women had favorable maternal outcomes [29]. Sen-
tilhes et al. reviewed 167 women with PAS and showed
that 78.4% of women avoided hysterectomy by conserva-
tive management [30]. The present study showed a 76%
success rate for uterine preservation in conservative

management by leaving the placenta in situ, which was
similar to previously published findings. Nevertheless,
conservative management was associated with higher
rates of endometritis and readmission compared with
cesarean hysterectomy, owing to the retention of the
placenta in the uterine cavity [5], which was in line with
our study. Some studies reported that subsequent fertil-
ity and pregnancy outcomes seemed unaffected after
successful conservative management of PAS, and the
main adverse pregnancy outcome in subsequent preg-
nancies was recurrence of PAS [20, 31]. Subgroup analy-
ses showed that pregnant women with PAS who were
treated conservatively in high-income areas had better
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Conservative Hysterectomy Risk ratio Weight

Author Yes No Yes No with 95% CI (%)
Srinivasan et al 2 22 9 1 —.—i— 0.09[0.02, 0.35] 43.65
El Gelany et al 1 15 8 30 El 0.30[0.04, 2.18] 16.29
Amsalem et al 1 3 13 =" 0.53[0.06, 4.45) 7.93
Chung et al 1 5 2 7 : = 0.75[0.09, 6.55] 5.50
Paping et al 1 9 76 110 _-*7— 0.24 [ 0.04, 1.58] 26.64
Overall * 0.24[0.11, 0.52)
Heterogeneity: I° = 0.00%, H* = 1.00 '

Testof 6, = 6 Q(4) = 3.58, p = 0.47 |

Testof 6 =0: z=-3.55, p =0.00 E

132 18 12 2

Fixed-effects Mantel - Haenszel model

Fig. 5 ICU admission for PAS women undergoing conservative management or cesarean hysterectomy

Conservative Hysterectomy Risk ratio Weight

Author Yes No Yes No with 95% CI (%)
Coagulopathy ) ;:
Srinivasan et al 1 23 3 T —# I 0.14[0.02, 1.18] 22.79
El Gelany et al 0 16 4 34 —F»——« I 0.25[0.01, 4.48] 14.70
Amsalem et al 19 7 9 —m— 0.23[0.03, 1.59] 28.98
Heterogeneity: I = 0.00%, H* = 1.00 < Il 0.20[0.06, 0.74]
Test of 6, = 6;: Q(2) = 0.16, p = 0.92 | Il
Testof 0 = 0:z=-2.41, p=0.02 : ::
Endometritis I I
Chung et al 2 4 0 9 : ——-::— 7.14[0.40, 127.07) 222
Sentilhes et al 9 74 0 59 e 13.57 [0.81, 228.70] 3.14
Heterogeneity: I° = 0.00%, H* = 1.00 | ~a=—  10.91[1.36, 87.59
Testof 6, = 6;: Q(1) =0.11, p=0.74 | Il
Testof 8 = 0: z = 2.25, p = 0.02 | Il

| |
Readmission I I
Chung et al 5 1 0 9 l —”*— 16.71[1.03, 240.75) 2.22
Lional et al 15 8 47 : —+ 8.32(3.10, 22.31] 13.38
Sentilhes et al 24 59 57 | —1— 8.53[2.10, 34.71] 12.58
Heterogeneity: I° = 0.00%, H* = 1.00 | > 8.99[4.00, 20.21]
Testof 6, = 8;: Q(2) = 0.19, p = 0.91 | Il
Testof 6 = 0:z=5.32, p=0.00 | Il

| Il

| |

| Il
Fixed-effects Mantel - Haenszel model 1/64 1' Ta 2 L 64

Fig. 6 Coagulopathy, endometritis and readmission for PAS women undergoing conservative management or cesarean hysterectomy

outcomes in terms of estimated blood loss and transfu-
sion of packed red blood cells compared to low- and mid-
dle-income areas, which tend to have adequate medical
resources and specialized multidisciplinary teams. It fol-
lows that not all women with PAS are suitable for con-
servative management, as up to a third will experience
prenatal or intraoperative bleeding [3]. The women with
PAS may not be willing to accept the burden of long-term

follow-up and the limitations of conservative manage-
ment. FIGO recommended conservative management
with specialized equipment and expert surgical teams,
and leaving the placenta in situ is an option for women
who agree to long-term follow-up in a professional medi-
cal center [32]. Conservative management may be a via-
ble management strategy, but requires consideration of a
variety of factors, including but not limited to individual
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Conservative Hysterectomy WMD Weight
Author N Mean SD N Mean SD with 95% CI (%)
Kutuketal 15 81 13 27 146 38 —ll— -65.00[ -84.94, -45.06] 71.26
I
Chungetal 6 57 18 9 148 49 —®&———  -91.00[-132.35, -49.65] 16.57
Lionaletal 23 71 98 51 172 98 = : -101.00 [ -149.24, -52.76] 12.17
1
Overall e -73.69[ -90.52, -56.86]
Heterogeneity: I° = 24.07%, H? = 1.32 !
Testof 6, = 6; Q(2) = 2.63, p = 0.27 |
Testof 6 = 0: z = -8.58, p = 0.00 |
-150 -100 -50
Fixed-effects inverse-variance model
Fig. 7 Mean operating time (min) for PAS women undergoing conservative management or cesarean hysterectomy
Conservative Hysterectomy WMD Weight
Author N Mean SD N Mean SD with 95% ClI (%)
Kutuk et al 15 84 52 27 68 45 —!.— 1.60[-1.40, 4.60] 67.03
Amsalemetal 10 81 34 16 118 6.8 —W— -3.70[-8.25, 0.85] 29.12
Chung et al 6 181 11.7 9 147 124 3.40[-9.14, 1594] 3.84
Overall S 2 0.13[-2.33, 2.58]
Heterogeneity: I = 48.70%, H* = 1.95
Test of 6, = 6;: Q(2) =3.90, p = 0.14
Testof 6=0:z=0.10, p = 0.92
-10 0 10 20
Fixed-effects inverse-variance model
Fig. 8 Hospital stays (days) for PAS women undergoing conservative management or cesarean hysterectomy
primary or delayed Proportion Weight
Author hysterectomy Total with 95% CI (%)
T
Srinivasan et al 2 24 —-—IL 0.08[0.02, 0.28] 5.93
El Gelany et al 2 16 —-—*l— 0.12[0.03, 0.39) 5.66
Kutuk et al 1 15 ———*—JI— 0.07[0.01, 0.35] 3.02
Amsalem et al 4 10 Al—l— 0.40[0.16, 0.70) 7.76
Chung et al 2 6 —:—-— 0.33[0.08, 0.73] 4.31
Lional et al 9 23 Tﬂ— 0.39[0.22, 0.60) 17.71
Sentilhes et al 19 86 ﬂ— 0.22[0.15, 0.32] 47.86
Paping et al 4 10 == 0.40[0.16, 0.70]) 7.76
I
Overall Q 0.25[0.19, 0.32)
Heterogeneity: I° = 40.88%, H* = 1.69 :
Testof 6, =6;: Q(7) = 11.84, p = 0.11 :
Testof 8 = 0: z=-6.15, p = 0.00 :
002 012 050 088

Fixed-effects inverse-variance model

Fig. 9 Hysterectomy incident for PAS women undergoing conservative management

disease characteristics, gestational age at delivery, surgi-
cal team experience, and institutional resources [33].
Selective transcatheter arterial embolization (TAE)
is an effective treatment for uncontrolled postpartum
hemorrhage, and the combination of TAE with cesarean
delivery was used by many specialists in the conserva-
tive management of PAS [22, 23, 34]. Our study showed

a 78% utilization rate of uterine arterial embolization
in conservative management, including therapeutic or
prophylactic embolization. A retrospective case-control
study included 71 women diagnosed with PAS before
cesarean delivery with or without prophylactic TAE and
found that this technique could effectively reduce intra-
operative hemorrhage and did not cause severe maternal
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uterine arterial Proportion Weight
Author embolization(N) Total with 95% Cl (%)
|
El Gelany et al 10 16 & L 0.62[0.38, 0.82] 41.23
Lional et al 18 23 —I-— 0.78 [ 0.57, 0.91] 43.03
Chung et al 6 6 i =21.00[0.42, 1.00] 5.11
Srinivasan et al 24 24 ———=1.00[0.75, 1.00] 5.39
I
Amsalem et al 10 10 : =1.00[0.55, 1.00] 5.25
Overall "'." 0.78 [ 0.65, 0.87]
Heterogeneity: I° = 48.79%, H’ = 1.95 :
Test of 6, = 6;: Q(4) = 7.81, p = 0.10 |
|
Testof 8 =0:z=3.81, p=0.00 !
T T T 1
0.40 0.60 0.80 1.00
Fixed-effects inverse-variance model
Fig. 10 The use of uterine arterial embolization for PAS women undergoing conservative management
Conservative Hysterectomy WMD Weight
Author N Mean SD N Mean SD with 95% ClI (%)
High-income areas |
Amsalem et al 10 900 754 16 3625 2154 —l—lL -2725.00 [ -4119.01, -1330.99] 10.60
Chung et al 6 627 390 9 4544 1506 —W— -3917.00 [ -5162.69, -2671.31] 11.54
Lional et al 23 517 2563 51 3169 2563 —— -2652.00 [ -3913.72, -1390.28] 11.43
Paping et al 10 1704 614 186 2015 295 | M| -311.00( -512.68, -109.32] 17.53
Heterogeneity: 1° = 3.83e+06, I = 94.37%, H’ = 17.75 —* -2346.75 [ -4344.79, -348.70)
Test of 6, = 6;: Q(3) = 53.24, p = 0.00 |
Testof 8 =0:z=-2.30, p = 0.02 |
|
Low- and middle-income areas |
Srinivasan et al 24 1360 563 10 2580 737 :{ -1220.00 [ -1675.10, -764.90] 16.59
El Gelany et al 16 2120 870 38 2840 1120 | ——| -720.00 [ -1335.64, -104.36] 15.71
Kutuk et al 15 736 647 27 2000 751 - |-1264.00( -1716.12, -811.88] 16.60
Heterogeneity: 1° = 6249.64, I° = 8.73%, H* = 1.10 : ® [-1126.31[-1425.31, -827.31]
Testof 6, =6;: Q(2) =2.19,p =0.33 |
Testof 6 =0:z=-7.38, p=0.00 |
|
Overall <@ |-1623.83( -2337.87, -909.79)
Heterogeneity: 1° = 746330.99, I* = 91.20%, H* = 11.37 :
Test of 6, = 6;: Q(6) = 68.21, p = 0.00 |
Testof 8 = 0: z=-4.46, p = 0.00 |
|
Test of group differences: Q,(1) = 1.40, p = 0.24 |
6000  -4000 -2000 0

Random-effects DerSimonian - Laird model

Fig. 11 Subgroup analysis of estimated blood loss (mL) for PAS women undergoing conservative management or cesarean hysterectomy

outcomes [35]. A recent cohort study indicated that TAE
was an effective alternative to hysterectomy for PPH, and
subsequent fertility seemed to be limited in contrast to
previous studies that concluded fertility was unaffected
[36]. Large prospective follow-up studies are needed to
confirm the long-term outcomes after the operation.
Overall, our study considered conservative manage-
ment by leaving the placenta in situ to be an effective
alternative to hysterectomy when women with PAS had
a strong desire to preserve their uterus. Meanwhile,
women with PAS who wish to be treated conservatively
should be fully informed the advantages and limitations

of the procedure by their obstetricians and radiolo-
gists. Furthermore, the decision to perform conserva-
tive management should consider logistic factors such as
the differences of individual disease characteristics, the
accessibility of adequate medical resources and the avail-
ability of multidisciplinary teams.

Limitations and future research

The main strength of this meta-analysis was that it might
be the first attempt to pool the results of existing stud-
ies comparing maternal outcomes in women with PAS
who underwent conservative management and cesarean
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Conservative Hysterectomy WMD Weight

Author N Mean SD N Mean SD with 95% CI (%)
High-income areas i
Amsalem et al 10 2 31 16 42 23 —l—{-220[ -4.28, -0.12] 17.99
Chung et al 6 08 12 9 98 5 —m—— : -9.00[-13.12, -4.88]  7.87
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Test of 8 = 6 Q(2) = 10.28, p = 0.01 :
Testof 6 =0:z=-2.78, p = 0.01 |

|
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El Gelany et al 16 29 06 38 38 12 | IB{-0.90[ -1.52, -0.28] 29.89
Kutuk et al 15 02 04 27 09 06 | [-0.70[ -1.04, -0.36) 31.31
Heterogeneity: 1° = 0.00, I* = 0.00%, H? = 1.00 : $(-0.75[ -1.04, -0.45)]
Test of 6, = 8;: Q(1) = 0.31, p = 0.58 |
Test of 6 = 0: z = -4.91, p = 0.00 |

|

|
Overall <@ |-2.37[ -3.70, -1.04]
Heterogeneity: 1° = 1.45, I° = 86.61%, H* = 7.47 |
Test of 6, = 6;: Q(4) = 29.87, p = 0.00 :
Test of 6 = 0: z=-3.49, p = 0.00 |

|
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Fig. 12 Subgroup analysis of packed red blood cells transfused (units) for PAS women undergoing conservative management or cesarean hysterectomy

hysterectomy. This review was limited by the most litera-
ture included based on retrospective cohorts, and thus
there might be a selection bias due to lack of adjustment
for confounding factors. The statistical methods such as
propensity score matching and the application of stan-
dardized definitions of disease staging could be used in
future primary studies to reduce this limitation. Another
limitation was that the specificity of women with PAS and
the failure of data acquisition from the included study
made the small number of included events, which might
reduce the precision of the statistical results. Multi-cen-
ter studies could be conducted to increase the sample
size and make the findings more convincing. And there
was a high degree of heterogeneity in some outcomes,
which was addressed by using random effect model and
conducting subgroup analyses. The reason for high het-
erogeneity could be the variable methods used by each
institution to calculate indicators, such as total blood
loss and units of blood transfused, as well as the different
levels of medical care between developed and develop-
ing countries. In addition, there might be a regional bias
because our paper included studies from only limited
regions. More studies covering different regions need to
be included to draw universally applicable conclusions.

Conclusions

Women with PAS undergoing conservative management
were associated with lower rates of blood loss, blood
transfusion, hysterectomy, and major severe maternal

morbidity than those of cesarean hysterectomy, but it was
associated with higher rates of endometritis and readmis-
sion when compared with cesarean hysterectomy. Con-
servative management could be an effective alternative to
hysterectomy when women with PAS desire to preserve
the uterus and are informed about the limitations of con-
servative management.
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