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ORIGINAL ARTICLE

Placenta accreta spectrum disorder: a comparison between fertility-sparing
techniques and hysterectomy

H€useyin Durukana , €Omer Birol Durukanb and Faik G€urkan Yazıcıa

aFaculty of Medicine, Obstetrics and Gynecology Department, Mersin University, Mersin, Turkey; bObstetrics and Gynecology Clinic, Mersin
City Training and Research Hospital, Mersin, Turkey

ABSTRACT
This study aimed to compare fertility-sparing interventions and hysterectomy among women with pla-
centa accreta spectrum disorder (PAS) who underwent caesarean deliveries. We retrospectively
reviewed the data, and classified 148 patients as follows: group B: Bakri balloon without resection
(n¼ 83); group R: segmental uterine resection (n¼ 23); and group H: hysterectomy (n¼ 42). The groups
differed significantly with respect to operative time, transfused blood products, and post-operative
intensive care unit and hospital stays. Morbidity was the highest in group H. The aforementioned
parameters did not differ between Groups B and R. Groups R and H differed regarding the operative
time, post-operative hospital stay, and transfused blood products. Although the treatment modality
and PAS severity differed between the groups of patients with preserved fertility, the surgical outcome
parameters did not differ. Hence, the effectiveness of these approaches may be similar without fore-
going patient safety.

IMPACT STATEMENT

� What is already known on this subject? As caesarean delivery rates have increased worldwide,
the incidence of placenta accreta spectrum disorder (PAS), which has high morbidity and mortality
rates, has also risen. Planned caesarean hysterectomy is recommended to reduce mortality and
morbidity, but fertility is lost.

� What do the results of this study add? The severity of PAS can range from mild to severe. A
patient-tailored approach, which was based on the intra-operative findings and used either a Bakri
balloon tamponade or segmental uterine resection, reduced morbidity and preserved fertility.

� What are the implications of these findings for clinical practice and/or further research?
Instead of adhering to the conventional approach that involves an elective caesarean hysterectomy
based on antenatal imaging, more suitable approaches should be considered from the spectrum of
haemostatic and fertility-preserving options available, while considering a surgeon’s experience, the
intra-operative findings, and patients’ needs.
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Introduction

Placenta accreta spectrum disorder (PAS) comprises placenta
accreta, increta, and percreta, which are adhesive disorders of
placentation with different levels of severity (Jauniaux et al.
2018) that cause patient morbidity and mortality. The world-
wide increase in caesarean delivery rates has been accompa-
nied by increases in the incidence of PAS and demand for
qualified surgeons and centres of excellence. Planned caesar-
ean hysterectomy was an accepted approach to haemostasis
in patients with PAS, but its concomitant morbidities affect
females’ cultural and personal perceptions about menstru-
ation and future fertility (Fox et al. 2015). Consequently,
more conservative, uterus-preserving approaches that involve
segmental uterine resection and the Bakri balloon tampon-
ade have been introduced. However, few studies have com-
pared these approaches. This study aimed to compare

outcomes among patients with PAS who were grouped
according to the surgical intervention undertaken, namely,
segmental uterine resection, Bakri balloon tamponade, and
hysterectomy.

Materials and methods

After approval from the Clinical Research Ethics Committee
of Mersin University (Registration number: 2019/89), women
whose PAS was diagnosed pre-operatively, who underwent
surgery at the Obstetrics and Gynaecology Department of
Mersin University Hospital from January 2014 to February
2019 and whose pre-operative diagnoses were confirmed
intra-operatively were analysed retrospectively. All patients
gave informed consent for a caesarean delivery, the applica-
tion of fertility-sparing techniques or a hysterectomy, and for
their clinical data to be used for research purposes. All
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patients fulfilled the definition of PAS given by the
International Federation of Gynaecology and Obstetrics in
2018 (Jauniaux et al. 2018).

The pre-operative PAS diagnoses were based on the loss
of the clear zone, presence of placental lacunae, and inter-
ruption of the bladder-uterus border according to grey-scale
ultrasonography (USG), and increased vascularity in this area
based on Doppler USG (Figure 1(A)). The diagnoses were
confirmed intra-operatively, and the patients with severe PAS
underwent further exploration. In our clinic, most patients
underwent a Pfannenstiel incision that was followed by a
transverse uterine incision at the upper border of the placen-
tal insertion. A diagnosis of slight and mild PAS was con-
firmed if the placenta adhered firmly to the myometrium,
which caused difficulties when detaching the placenta manu-
ally, and if the bleeding persisted after manual and instru-
mental scraping of the placenta (Figure 1(B)). Haemostatic
interventions, including uterine artery ligation (UAL) or bilat-
eral internal iliac artery ligation (IIAL) were applied, as
required. Patients with coagulation disorders were excluded
from the analysis.

Data describing the patients’ demographic characteristics,
surgical interventions, and post-operative outcomes were
gathered from the patients’ files and hospital database. The
women were grouped according to the surgical interventions
applied (Figure 2), namely, group B: Bakri balloon application
without resection (n¼ 83); group R: segmental uterine resec-
tion (n¼ 23); and group H: hysterectomy (n¼ 42), and the
groups’ data were compared.

Group B: Bakri balloon application without resection

The patients in group B had relatively mild PAS in which the
placenta adhered to the myometrium but did not reach the
outer serosal surfaces of the uterus or distort the external
borders and appearance, aside from an increase in vascular-
isation (Figure 1(C)). Although a previous caesarean scar was
present and the anterior wall of the uterus was thin,
adequate tissue was present on the anterior wall that aided a
primary closure. The invasion depth was unknown before the
placenta was removed. This group’s inclusion criteria were a
placenta that was difficult to remove manually, the need to
scrape the torn remnants with instruments and/or continu-
ously sew the placental bed with running sutures, and the
subsequent insertion of a Bakri balloon to control bleeding.
Women who were treated successfully using a Bakri balloon
tamponade and whose abdomens were closed without a
uterine resection or a hysterectomy during the caesarean
delivery were assigned to group B.

Group R: segmental uterine resection

This group comprised women with visible vascularised areas
in the anterior placental tissues that extended into the serosa
and distorted the uterine shape (Figure 1(D)). The surgeon
selected women to undergo segmental uterine resection dur-
ing the caesarean delivery. If resection was considered
favourable, the anterior leaf of the broad ligament was
opened, and the region between the bladder and uterus was

Figure 1. (A) Preoperative ultrasonographic view of PAS. (B) Intraoperative view of a heavy PAS. (C) Intraoperative view of a mild PAS. (D) Intraoperative view of
heavy PAS which resulted in segmental uterine resection.
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dissected to identify the extent of the area to be removed
and facilitate the resection. Reconstruction was attempted
after the partial excision of the uterine wall. Patients were
assigned to group R if they underwent a successful resection
and the uterus was preserved during the caesarean delivery,
regardless of any other haemostatic interventions.

Group H: hysterectomy

The patients in group H comprised those with severe PAS
and patients for whom preservation of the uterus was not
feasible or bleeding could not be stopped using haemostatic
interventions (Figure 1(B)). The patients assigned to group H
underwent a hysterectomy during the caesarean delivery,
regardless of trials involving a partial uterine resection or
Bakri balloon insertion.

Statistical analyses

The Shapiro–Wilk test was used to test the normality of the
groups’ data distributions, and log values of the parameters
were calculated to confirm the normality of the data distribu-
tions. Analyses of variance and Tukey’s test were used to ana-
lyse the normally distributed data. The Kruskal–Wallis and
Dunn’s tests were used to analyse the non-normally distrib-
uted data. The Z-test was used to compare proportions.
SPSSVR statistical software, version 15 (SPSS Inc., Chicago, IL,
USA) was used to perform the statistical analyses, and a value
of p< .05 was considered statistically significant.

Results

A total of 3880 caesarean deliveries were conducted during
the 5-year period studied, and 148 women with PAS fulfilled
the study’s inclusion criteria, of whom 83 were assigned to
group B, 23 were assigned to group R, and 42 were assigned
to group H. Group H comprised 28% of the study population,
and the overall hysterectomy rate was 30%. Tables 1 and 2
present the groups’ demographic and post-operative data,
and pairwise correlations of the significant findings.

The groups differed significantly regarding age, gravidity,
parity, the numbers of live children and previous caesarean
deliveries, and the pre-operative haemoglobin and haemato-
crit levels. The groups did not differ regarding the numbers
of abortions and previous vaginal births, or the gestational
age at the time of the operation. Significant differences were
evident among the groups regarding the operative time,
total number of transfused blood products, numbers of red
blood cell and fresh plasma packs, and the maternal inten-
sive care unit and post-operative hospital stays. The pre-dis-
charge haemoglobin and haematocrit levels did not differ
among the groups. Morbidity was higher in group H than in
group B. Groups B and R did not differ regarding the afore-
mentioned parameters. Groups R and H differed regarding
the operative time, post-operative hospital stay, total number
of transfused blood products, and the number of fresh
plasma packs.

Bilateral IIALs were applied to 29 (34.9%) women in group
B, six (26.1%) in group R, and 28 (66.7%) in group H. Groups
B and R did not differ regarding the bilateral IIAL rate.
Groups H and B and groups H and R differed significantly
regarding the bilateral IIAL rate (both p< .001). All of the

Figure 2. Diagram showing how the study groups are selected in the spectrum of placenta accreta.
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patients in group B received endo-uterine haemostatic
sutures and three women in group B received B-Lynch
sutures. The technique of endo-uterine haemostatic sutures is
demonstrated in Figure 3, and the procedure for B-Lynch
sutures was carried out according to the original technique
offered by B-Lynch et al. (1997)

Three patients in group B underwent hysterectomies dur-
ing second operations, because balloon tamponade failure
caused post-operative bleeding, and, of these, two under-
went pelvic packing thereafter. Nine patients in group R
received Bakri balloon tamponades to stop bleeding after
segmental resection and uterine reconstruction. No patients
in group R underwent hysterectomies during the follow-up
period. Four patients in group H underwent reoperations, of
whom, two had pelvic compresses removed and two had
intra-abdominal bleeding and pelvic packing was applied. All
patients who underwent pelvic packing had their compresses
removed after 24 h. The reoperation rates were approximately
4% in group B, approximately 5% in group H, and 0% in
group R.

Post-operative wound infections occurred in two women
in group B, one woman in group R, and in four women in
group H. In groups B, R, and H, urinary system injuries
occurred one, five, and 13 women, respectively; six, four, and
15 women, respectively, required maternal intensive care;
and 55 (66.3%), 19 (82.6%), and 42 (100%) women, respect-
ively, required transfusions of blood products.

Discussion

In this, we aimed to describe the possible clinical results
achieved in the management of PAS. Our findings suggest

that effective outcomes are achieved with the two different
fertility-sparing approaches for the management of patients
with PAS of different severity. Therefore, patient morbidity
may not increase when more aggressive treatments, other
than hysterectomy, are administered to patients with severe
forms of PAS. Balloon tamponade may also be performed
alone or together with surgical repair when segmental resec-
tion efforts are not adequate for achieving haemostasis.

A widely accepted consensus exists regarding the defin-
ition of placental adhesion abnormalities under the inclusive
diagnostic term ‘PAS’, which encompasses the range of

Table 1. Comparison among the groups of fertility-sparing surgery and hysterectomy.

N¼ 148 Group B Group R Group H
Pairwise comparison

Demographic and Preoperative Features (n¼ 83) 56.1% (n¼ 23) 15.5% (n¼ 42) 28.4% p B vs. R R vs. H B vs. H

Age 31.3 ± 5.3 33.1 ± 5.4 34.1 ± 5.4 0.018 0.386 1.000 0.020
Gravidity 2.9 ± 1.4 3.7 ± 1.7 4.5 ± 1.6 <0.001 0.171 0.126 <0.001
Parity 1.5 ± 1.1 2.1 ± 1.3 2.7 ± 1.3 <0.001 0.620 0.377 <0.001
Abortions 0.3 ± 0.6 0.4 ± 0.8 0.6 ± 0.9 0.120 – – –
Live children 1.5 ± 1.1 1.9 ± 1.1 2.5 ± 1.3 <0.001 0.317 0.229 <0.001
#Of previous VB 0.3 ± 0.8 0.3 ± 0.8 0.5 ± 1.1 0.212 – – –
#Of previous CS 1.3 ± 1.0 2.0 ± 1.1 2.1 ± 0.9 <0.001 0.024 1.000 <0.001
Gestational age at CS 37.1 ± 1.9 36.7 ± 1.6 36.6 ± 2.6 0.073 – – –
Preoperative Hb 11.2 ± 1.7 11.3 ± 1.3 10.4 ± 1.2 0.001 1.000 0.030 0.002
Preoperative Hct 33.8 ± 4.3 34.0 ± 3.7 31.4 ± 3.6 0.001 1.000 0.026 0.001

Statistically significant p values are shown in bold style.
VB: Vaginal Births; CS: Caesarean Section; Hb: Haemoglobin; Hct: Haematocrit.

Table 2. Surgical outcomes and postoperative features.

Groups Group B Group R Group H
Pairwise comparison

N¼ 148 (n¼ 83) 56.1% (n¼ 23) 15.5% (n¼ 42) 28.4% p B vs. R R vs. H B vs. H

Operation time (min) 66.5 ± 40.9 71.4 ± 26.9 99.5 ± 28.6 <0.001 0.715 0.001 <0.001
Transfused blood products 3.5 ± 5.5 4.4 ± 3.4 8.7 ± 6.5 <0.001 0.159 0.009 <0.001
Transfused RBCs 2.2 ± 2.8 3.0 ± 2.2 4.9 ± 2.8 <0.001 0.075 0.054 <0.001
Transfused FFPs 1.0 ± 1.8 1.3 ± 1.5 3.5 ± 2.8 <0.001 0.911 <0.001 <0.001
Maternal ICU stay (days) 0.2 ± 0.7 0.3 ± 0.7 0.8 ± 1.4 <0.001 0.750 0.170 <0.001
Postop hospital stay (days) 2.5 ± 1.1 3.2 ± 2.1 4.1 ± 2.2 <0.001 0.486 0.010 <0.001
Predischarge Hb (g/dL) 9.5 ± 1.4 98.0 ± 1.1 9.2 ± 1.1 0.190 – – –
Predischarge Hct (%) 28.5 ± 4.0 26.9 ± 3.7 27.3 ± 3.3 0.138 – – –
% of IIAL 34.9 26.1 66.7 0.42 <0.001 <0.001
Statistically significant p values are shown in bold style.
RBC: Red Blood Cell Packs; FFP: Fresh Frozen Plasma Packs; ICU: Intensive Care Unit; Hb: Haemoglobin; Hct: Haematocrit; IIAL: Internal Iliac Artery Ligation.

Figure 3. The technique of endo-uterine haemostatic sutures.
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placental invasiveness, and was first used by Luke et al.
(1966), Rac et al. (2015). The first conservative surgical
options involved leaving the placenta in situ; however, the
unforeseeable possibility of adverse events, including intra-
abdominal bleeding and the necessity for long-term follow-
up, highlighted the need for other conservative treatment
methods, including the optimal removal of the placental tis-
sues and providing haemostasis (Matsuzaki et al. 2018).

Pathological examinations of tissue samples obtained dur-
ing a hysterectomy or resection confirm a diagnosis of PAS.
Hence, establishing a diagnosis post-operatively does not
inform the intra-operative management of the patient.
Recently, USG Doppler and magnetic resonance imaging find-
ings that aid in classifying patients and predicting PAS more
accurately were defined. (Luke et al. 1966; Gilboa et al. 2015;
Tovbin et al. 2016; Knight et al. 2018; Marsoosi et al. 2018).
While classifying and predicting PAS severity contribute
greatly to patient management, these evaluations may not
always concur with a patient’s intra-operative findings, and a
patient’s intra-operative management depends on a sur-
geon’s skills and foresight. A caesarean hysterectomy based
on pre-operative evaluations may not be reasonable in all sit-
uations and may represent overtreatment for some patients.
We consider that the intra-operative clinical presentation is
the most important factor that informs a surgeon’s selection
of the management option.

As demand for uterus-sparing surgery has increased, a
number of conservative management options have been
introduced (Allahdin et al. 2011; Chandraharan et al. 2012;
Karaman et al. 2017; Pala et al. 2018). In one study, Bakri bal-
loons were successfully deployed in 84% of the patients, and
this approach was superior to hysterectomy regarding blood
losses, hospital stays, and operative times (Pala et al. 2018).
Some authors have reported successful segmental resections
and repairs (Palacios Jaraquemada et al. 2004; Karaman et al.
2017; Kilicci et al. 2018). Furthermore, conservative treatment
was superior to hysterectomy with respect to morbid-
ity parameters.

Some authors have commented that comparing these
treatments is pointless and that mild-to-severe forms of PAS
should be compared rather than the treatments (Matsubara
and Takahashi 2018). Importantly, it should be remembered
that the only approach used for PAS management may be a
hysterectomy when a fertility-sparing option is not applic-
able. If the aim is to preserve the uterus of patients with
mild-to-severe PAS, different treatment options may be con-
sidered depending on the severity of the condition. While
not all treatment options were applicable to all of the
groups, comparing the results is always reasonable, provided
the study has a well-defined design.

The results from this study and previous studies have
shown that additional haemostatic surgical interventions,
including bilateral IIAL, B-Lynch sutures, and sewing the pla-
cental bed, were not applied conventionally, but they were
used in combination with other methods when necessary. It
is not possible to apply standard surgical interventions to all
patients; these methods may be applied sequentially, and
some may be omitted occasionally.

We must mention that, sometimes, after endo-uterine
sewing, balloon tamponades had to be used stop the bleed-
ing in the current study. If the bleeding stopped after suc-
cessful endo-uterine sewing, tamponades were not needed
and Bakri balloons were not deployed. These patients had
the mildest form of PAS that responded to bilateral IIAL and/
or endo-uterine sewing, but they were difficult to categorise
and were excluded from the analysis. Group B comprised
patients with the next level of PAS severity that was milder
than the PAS severities in groups R and H. The patients in
groups R and H were similar in terms of morbidity and they
were prone to worse outcomes, and group H had the worst
outcomes. Parameters that increased morbidity in group R
and H were related to operation time, blood products trans-
fusion, transfused FFPs, postoperative hospital stay, and IIAL
ratio (Table 2).

Consequently, our study population can be considered
heterogeneous. By comparing and grouping the approaches
to PAS management, we aimed to describe possible clinical
results that could guide clinicians’ decisions about the appro-
priate management of PAS.

It may be noted that utilisations of different methods in
two groups with different disease severities had similar and
effective results. Therefore, besides milder treatment
approaches in less severe diseases, patient morbidity may
not increase when applying aggressive treatment to severe
PAS. However, along with the uterus loss, the highest mor-
bidity seemed to occur in group H, rendering hysterectomy
disadvantageous. To overcome such an adverse outcome due
to intraoperative haemorrhage and to minimise blood loss, a
prophylactic IIAL may be utilised. The highest morbidity
seemed to occur in group H, rendering hysterectomy disad-
vantageous. To overcome this adverse outcome caused by an
intra-operative haemorrhage and to minimise blood loss, a
prophylactic bilateral IIAL could be performed on some
patients. Bilateral ligation of the internal iliac arteries (IIA)
causes decrease in the pulse pressure by 85%. This pressure
reduction likely facilitates formation of blood clots in the
bleeding site of damaged vessels. Blood flow in vessels distal
to the ligation area is reduced by 48% (Cunningham 2005;
Mutch and Kuroki 2019). The internal iliac artery gives the
posterior branch approximately 2.7 cm after leaving the com-
mon iliac artery. Therefore, IIA should be ligated after giving
the posterior branch. There is a widespread anastomosis net-
work of IIA in the pelvis. If the ligation is done before giving
the posterior branch, the arterial blood flow will be directed
back to the pelvis from these collaterals, which will reduce
the success of the procedure (Kose et al. 2017). It has been
reported that IIAL can be performed in a short time by expe-
rienced surgeons in tertiary health institutions (Durukan et al.
2019). However, if the patient is obese, pelvis is deep, uterus
is large, placenta is predominantly located posteriorly, collat-
erals and blood flow in this region are excessively increased,
exploration is insufficient and the surgeon is inexperienced,
uterine artery ligation, step-by-step pelvic devascularisation,
uterine compression sutures, and arterial embolisation
options may be considered instead of IIAL.

Many retrospective studies’ findings indicate that bilateral
IIAL is of questionable or no value for reducing bleeding
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during caesarean hysterectomies (Iwata et al. 2010; Hussein
et al. 2019). In contrast, one study’s findings showed that
UAL reduced intra-operative blood losses (Sanad et al. 2018).
Our preliminary observations regarding the utilisation of this
technique do not concur with these findings regarding fertil-
ity sparing. Most of these studies were retrospective; hence,
the study may not be able to account for all clinical situa-
tions and the investigators may not able to o assess the
value of an intervention due to the study design. A massive
haemorrhage is most likely after the removal of the placenta,
and a planned caesarean hysterectomy wherein the placenta
is not detached is less likely to cause a massive haemorrhage.
Some authors have also suggested using bilateral IIAL com-
bined with other interventions to achieve lower hysterectomy
rates (Kaya et al. 2017). In this study, group H had the high-
est bilateral IIAL rate. We utilised prophylactic bilateral IIAL if
we anticipated massive blood losses. We think that the pro-
cedure facilitates the management of PAS by minimising the
amount of blood lost during interventions that may be
applied thereafter. Prospective studies may be helpful to
assess the value of bilateral IIAL during fertility-sparing sur-
gery for PAS.

According to the antenatal USG findings, hysterectomy
was indicated for all patients in this study; hence, we could
have planned caesarean hysterectomies for this population,
and almost all of the patients might have lost their uteri and
fertility potential. The fertility of many patients can be pre-
served by utilising fertility-sparing methods according to
patients’ needs determined intra-operatively. Suitable inter-
ventions can be utilised given the spectrum of treatment
options available, and these should be individualised for
patients with PAS.

We attempted to classify patients according to the treat-
ment administered to this patient cohort presenting with
PAS of different severities. Designing prospective studies for
such clinical research is difficult, and it is nearly impossible to
randomise the patients and follow a strict route due to deci-
sions taken during the operations. Although our study is
based on well-documented hospital records, the main limita-
tion of this study is its retrospective design. To increase con-
sistency in the data assessed, relatively mild PAS cases, such
as cases wherein additional interventions to achieve haemo-
stasis were not required during caesarean section and/or
cases wherein only placental bed sutures were required, were
not included in the study. There are also plenty of other and
emerging fertility preserving options which are not men-
tioned here.

In conclusion, this study’s findings showed that the
women in groups B and R had similar surgical outcomes in
terms of the morbidity parameters, including transfusions
and the post-operative hospital stay, than the women in
group H. Given that most hysterectomies followed fertility-
sparing surgeries, it can be deduced that the high morbidity
rate in group H could be a consequence of the prolonged
duration between the unsuccessful fertility-preserving efforts
and the hysterectomy. Thus, planned caesarean hysterectomy
for a select small group of patients could be reasonable to
reduce PAS-associated morbidity. Besides, studies comparing

the outcomes among different fertility preserving interven-
tions in PAS must be conducted in the future.
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