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Abstract:

Background: Placenta accreta spectrum (PAS) is a severe obstetric condition
characterized by abnormal placental adherence or invasion into the uterine wall. The
incidence of PAS has increased in recent years, largely due to rising cesarean delivery
rates. This condition is associated with significant maternal morbidity and mortality,
mainly due to massive obstetric hemorrhage and surgical complications. Early diagnosis,
multidisciplinary management, and careful surgical planning are essential to improve
maternal outcomes. Various management strategies have been described, including
cesarean hysterectomy, conservative uterine-preserving approaches, and adjunctive
measures to reduce intraoperative blood loss. Cesarean hysterectomy with the placenta
left in situ remains the standard treatment in most cases; however, conservative
techniques such as expectant management, resective surgery, and the Triple-P
procedure may be considered in selected patients wishing to preserve fertility. Blood
conservation strategies and multidisciplinary team involvement play a crucial role in
optimizing outcomes. This review discusses current evidence regarding the diagnosis,
surgical and conservative management strategies, and maternal outcomes of placenta
accreta spectrum disorders.
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Introduction:

Placenta accreta spectrum (PAS) is a pathological condition of placentation in which the villous tissue
adheres or invades the uterine wall. PAS is also one of the most dangerous conditions associated with
pregnancy, because hemorrhage may result in multisystem organ failure, disseminated intravascular
coagulation, need for admission to an intensive care unit, hysterectomy, and even death (Liu et al., 2023).

Optimal management of women with MAP requires early recognition of high-risk women based on clinical risk
factors, accurate preoperative diagnosis, detailed maternal counselling and planning at the time of delivery.
Management should involve a multidisciplinary team of gynecologist, urologist and/or gyne-oncologist
(Parveen et al., 2021).

Dedicated multidisciplinary team-based care in the diagnosis and management of placenta accreta
spectrum disorders to improve outcomes is now recognized as the standard of care. There will, however, be
some cases in which diagnoses are missed or are emergently managed with or without the presence of an
experienced team. In such cases, outcomes have been shown to be poorer, highlighting the importance of
optimizing diagnosis, pre-operative planning, and multidisciplinary care (Flores-Mendoza et al., 2022).

The ideal composition of these multidisciplinary teams may consider consultation by the following
core specialties: obstetrics, maternal-fetal medicine, surgical gynecology or gynecologic oncology, anesthesia,
neonatology, and perinatal mental health services. Additional teams which may also require consultation include
hematology, urology, general surgery, vascular surgery, and intensive care (Hobson et al., 2022).

The role of pre-operative and proactive patient blood management strategies is essential in all obstetric
cases where surgical blood loss is expected to be high. Iron stores and hemoglobin levels should be assessed at
diagnosis and optimized, along with screening for hemoglobinopathies and red cell antibodies. Hematology
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consultation may be required in such cases where indicated. Our group, and others, also advocate the use of
intra-operative cell salvage where available, to reduce the need for allogenic blood transfusion (Hobson et al.,
2022).

Antenatal anesthesia consultation is paramount, providing expert care in the prevention and
management of massive obstetrical hemorrhage. Historically, general anesthesia was utilized in most cases. In
recent times, however, contemporary groups are successfully utilizing regional anesthesia epidurals with or
without combined spinal anesthesia for the duration of cesarean hysterectomy for placenta accreta spectrum
(Allen et al., 2018).

Regional compared with general anesthesia, where appropriate, appears to be associated with decreased
hemorrhage-related morbidity, blood transfusion requirements, and neonatal respiratory complications. Patient
satisfaction may also be improved if they are conscious for the birth experience of their infant (Nguyen-Lu et
al., 2016).

Optimizing timing of delivery remains a challenging aspect of care, balancing the increasing risk of
unplanned emergent delivery at term with the perinatal risks of iatrogenic prematurity if delivered pre-term.
Most recently, the International Society for Abnormally Invasive Placenta (IS-PAS) suggested expectant
management until after 36 weeks’ gestation for asymptomatic patients with no obvious risk factors for pre-term
delivery, whereas planned delivery at around 34 weeks’ gestation was advised for those with a history of
previous pre-term birth, recurrent vaginal bleeding, short cervix, or pre-term pre-labour rupture of membranes
(Collins et al., 2019).

Non-Conservative Surgical Management (Cesarean Hysterectomy):

Cesarean section followed sequentially by immediate hysterectomy without attempting removal of the
placenta (placenta left in situ) is considered the gold standard for definitive treatment of placenta accreta
spectrum (Touhami et al., 2022).

Type of Incision:

The ideal surgical incision for a planned cesarean hysterectomy allows for sufficient access to the
uterus, provides optimal exposure to surrounding structures, and avoids the placenta to reduce potential blood
loss. A midline skin incision is recommended by some groups, as this facilitates a high fundal uterine incision,
which can avoid the upper margin of anterior placentas which extend superiorly (Allen et al., 2018).

A low transverse skin incision may be adequate in situations where the superior margin of the placenta
does not enter the upper segment of the uterus, or if uterine conservation is planned, but may not provide
sufficient exposure in more severe cases. Other options for abdominal entry include the Joel-Cohen incision,
Cherney extended transverse incision, and a modified Maylard (high transverse) incision (Akbaba, 2021).

Techniques for Hysterectomy:

e Total abdominal cesarean hysterectomy with salpingectomy is the recommended surgical method for
emergent peripartum hysterectomy, and the preferred option in the management of placenta increta or
percreta if cervical involvement is present. This approach is also typically required if there is significant
lower uterine segment or cervical bleeding

e Subtotal abdominal cesarean hysterectomy with salpingectomy is another common approach and has
been reported to result in shorter operating time, decreased blood loss, reduction in blood transfusions, and
lower peri-operative complications (Allen et al., 2018). However, as this approach leaves a cervical stump,
there remains a potential risk of cervical dysplasia and malignancy, the need for regular cervical cytology,
and other associated issues such as bleeding, vaginal discharge, or infection. In addition, there has been no
evidence that subtotal hysterectomy provides protection against urinary tract injury when compared with
total hysterectomy in surgeries specifically for placenta accreta spectrum disorders (Tam Tam et al., 2012).
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Internationally, Centers of Excellence have developed additional novel techniques for cesarean
hysterectomy to minimize hemorrhage and reduce unintentional urinary tract injury. The gynecologic oncologist
A E Selman proposed a posterior retrograde hysterectomy via the pouch of Douglas, which, he suggests, allows
for safe resection of the involved urinary bladder in cases of placenta percreta with intraluminal bladder
involvement (Selman, 2016).

Shamshirsaz et al described a modified radical hysterectomy (without oophorectomy) technique that
includes extensive use of a bipolar cautery device to assist with early surgical devascularization. Their
retrospective study compared this approach with a non-standardized approach for severe placenta accreta
spectrum, reporting lower median estimated blood loss (2.1 L vs 3.5 L, respectively; p=0.031), with a trend to
fewer blood transfusions >4 units (60% vs 87%, respectively; p=0.056), and were less likely to be delivered
emergently (23% vs 64%, respectively; p=0.001) (Shamshirsaz et al., 2015).

The use of disposable devices such as a linear cutting autostapler, a vessel sealing device, or a
combination of both have also been suggested as innovative approaches to reduce blood loss and rates of blood
transfusion; however, outcomes have not yet been reported comparing these various techniques (Turan et al.,
2021).

¢ Planned delayed hysterectomy is an alternative approach to the cesarean hysterectomy. This method may
be utilized in circumstances of severe placenta percreta where extensive invasion of surrounding structures
would impact the ability to safely perform an immediate hysterectomy. Delayed hysterectomy, which is
typically performed between 3 and 12 weeks postpartum (Rupley et al., 2016), may facilitate placental
reabsorption, decrease vascularity, and use the normal process of uterine involution which may simplify
future surgery, allow the use of minimally invasive surgical approaches, and reduce overall surgical
morbidity. However, this approach comes with an associated risk of coagulopathy, hemorrhage, and sepsis in
the interim period. Zuckerwise et al compared outcomes between delayed hysterectomy in 14 patients (five
before the scheduled date due to complications, 36%) versus 20 patients who underwent immediate cesarean
hysterectomy (four due to significant peri-operative bleeding, 20%) (Zuckerwise et al., 2020).

The median (IQR) sum-total estimated blood loss for delivery and delayed hysterectomy was
significantly lower than the immediate hysterectomy group (1.3 L (0.1-2.2L) vs 3.0 L (2.4-4.3 L), respectively;
p<0.01). Delayed hysterectomy was associated with fewer patients requiring transfusion of >4 units of blood
than the immediate cesarean hysterectomy group (14.2% vs 45%, respectively; p=0.016). There was one
maternal death in each group (incidence 7% for delayed hysterectomy and 5% for immediate hysterectomy).

Conservative Management:

Women who are candidates for conservative management should be warned of the risks of bleeding
and infection. Studies failed to confirm the benefit of methotrexate or arterial embolization to reduce these risks,
and as a result, these treatments are not recommended by the current guidelines. A progressive decrease in blood
circulation within the uterus and the placenta with necrosis of the villous tissue and a progressive detachment of
the placenta from the uterus is expected (Jauniaux et al., 2019).

In certain situations, uterine conservation may be successfully achieved, either leaving the placenta in
situ (termed expectant management) or with placental removal combined with partial uterine resection and
repair (Touhami et al., 2022).

Potential candidates for uterine conservation include those in three main groups (Hobson et al., 2019):

First, those who strongly prefer to retain their fertility and are adequately counseled regarding the
potential risks and chance of successful future pregnancy.

The second group who may be amenable to uterine preservation include those with extremely severe
disease on imaging, where there is evidence of extra-uterine invasion into adjacent structures including the
bladder lumen, bowel, or broad/deep parametrium. This population is at increased risk of significant surgical
complications at the time of delivery including massive hemorrhage and organ damage.
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Third, there may be infrequent cases where there is very focal disease detected or placenta accreta
spectrum located in the upper uterine segment which may be amenable to wedge resection and approximation of
vital myometrium to achieve hemostasis.

FIGO consensus guidelines on placenta accreta spectrum disorders: Conservative management:
(Sentilhes et al., 2018)

Four different primary methods of conservative management have been described in the international
literature: (1) the extirpative technique (manual removal of the placenta); (2) leaving the placenta in situ or the
expectant approach; (3) one-step conservative surgery (removal of the accreta area); and (4) the Triple-P
procedure (suturing around the accreta area after resection). These methods have been used alone or in
combination and in many cases with additional procedures such as those proposed by interventional radiology.

The extirpative technique:

The extirpative method comprises of a forceful attempt of manual removal of the placenta so as to
avoid leaving products of conception in the uterus. However, this method is associated with a serious risk of
postpartum hemorrhage (Sentilhes et al., 2018).

Expectant approach:

This technique refers to the delivery of the fetus, without delivering the placenta, leaving it partially or
completely adherent to the myometrium (in situ), thereby avoiding hysterectomy in 78%-80% of the cases. The
progressive decrease in blood supply to the uterus after delivery results in placental necrosis and detachment,
followed by placental resorption and expulsion (Patabendige et al., 2020).

The one-step conservative surgery:

This approach is also known as resective-constructive surgery and aims at resecting the placenta along
with the invaded myometrium in bloc. The steps of this procedure include ligation of the newly formed blood
vessels between the uterus and the surrounding structures, followed by a hysterotomy and removal of the
placenta with the affected area until reaching healthy tissue, hemostasis and finally uterine reconstruction in two
layers (Palacios-Jaraquemada et al., 2020).

Triple-P procedure:

This uterine preserving technique is a three-step conservative surgery for women with PAS, and it
requires the presence of an interventional radiologist. It consists of perioperative location of the upper border of
the placenta pelvic devascularization by a pre-placed pelvic arterial balloon catheter in the anterior division of
the internal iliac artery after delivery of the fetus in attempt to reduce the blood supply to the placenta, and in
bloc resection of the placental and myometrial tissues involved. Finally, the myometrial defect is reconstructed
(Pifias Carrillo et al., 2019)

Additional procedures (i.e. embolization or vessel ligation, temporal internal iliac balloon occlusion,
methotrexate, hysteroscopic resection of retained tissues) have been used in a conservative approach with the
placenta left in situ to decrease morbidity or to accelerate placental resorption (Sentilhes et al., 2013).

Uterine devascularization can be achieved through several techniques such as iliac artery embolization,
bilateral uterine or hypogastric iliac ligation and balloon occlusion in an attempt to prevent secondary
postpartum hemorrhage and possibly accelerate placental resolution (Sentilhes et al., 2018).

Currently, the International Federation of Gynecology and Obstetrics, the American College of
Obstetricians and Gynecologists, and the Royal College of Obstetricians and Gynecologists do not recommend
its use in PAS (Jauniaux et al., 2019).

Hysteroscopy has been suggested as an adjunct method to shorten the period of placental elimination
after conservative treatment in PAS, especially in women who present with pelvic pain and persistent vaginal
bleeding (Legendre et al., 2014).
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Using the cervix as a natural tamponade by inverting it into the uterine cavity and suturing the anterior
and/or the posterior cervical lips into the anterior and/or posterior walls of the lower uterine segment. (El
Gelany et al., 2015).

Follow up after conservative management:

There is insufficient evidence to recommend magnetic resonance imaging and/or serial evaluation of
serum beta-human chorionic gonadotropin (B-hCG) to monitor cases that were managed conservatively. Patients
should undergo weekly follow-up visits during the first two months and then monthly visits until complete
resorption of the placenta. The follow-up should include a clinical examination (bleeding, temperature, pelvic
pain), ultrasound (size of retained tissue), and laboratory tests (hemoglobin and leukocytes count, vaginal
sample for bacteriological analysis). Postoperative antibiotic therapy (amoxicillin and clavulanic acid) should be
administered to reduce the risk of infection. Subsequent pregnancies are at increased risk for recurrent PAS,
uterine rupture, postpartum hemorrhage, and peripartum hysterectomy. The average risk of recurrence of PAS is
approximately 22-29%, and the risk of early postpartum hemorrhage is approximately 8.6-19%. Long-term
complications include intrauterine adhesions and secondary amenorrhea with secondary infertility (Jauniaux et
al., 2019).

Measures to Minimize Surgical Blood Loss:

Multidisciplinary use of measures aimed at minimizing blood loss, which include percutaneous vessel
balloon placement, transfusion medicine interventions, and surgical and pharmacological measures, are essential
in the surgical management of placenta accreta spectrum disorders. The routine implementation of protocol-
based individualized care has led to significantly reduced maternal hemorrhagic morbidity and should be
considered the standard of care (Jauniaux et al., 2019).

Infrarenal aortic compression or clamping methods are often last-resort life-saving strategies that have
been utilized by many teams if required. To address this risk, some centers have adopted an approach of
routinely utilizing an infrarenal aortic balloon with short intermittent inflation, with low rates of surgical blood
loss and complications. Because of the favorable outcomes in contemporary Centers of Excellence specializing
in placenta accreta spectrum surgery, the routine use of this approach remains a matter of ongoing research and
is limited to selected individuals where a demonstrated complex pelvic arterial blood supply is proven or
suspected (Chen et al., 2020).

Percutaneous placement of inflatable balloons within the pelvic arteries, most commonly in the anterior
divisions of the internal iliac arteries, was a previously popular surgical blood loss reducing measure in many
centers. This strategy comes at the expense of increased costs and resources, prolonging surgical care, and with
potential risks of vascular injury to blood supply to the lower limbs (Papillon-Smith et al., 2016).

Tow randomized controlled trials have been conducted investigating the role of internal iliac artery
percutancous balloons versus control in the surgical management of placenta accreta spectrum. The first, by
Salim et al, reported no significant differences between the intervention and control groups in the mean number
of packed red blood cell units transfused, 5.2 (£6.2) and 4.1 (£3.8), respectively (p=0.90), or in surgical blood
loss, 4950 (+5051) and 4709 (+3434) mL (p=0.72), respectively (Salim et al., 2015).

The second trial, by Chen et al, also reported no difference in the number of packed red blood cell units
transfused (5.3+5.3 in the intervention group vs 4.7+5.4 in the control group; p=0.54). Importantly,
hospitalization costs and incidence of post-operative fever were significantly higher in the intervention group.
With evolving surgical expertise aimed at vascular dissection and ligation of these structures as stated above, the
benefit of this strategy has come into question (Chen et al., 2020).

Many studies have evaluated the role of prophylactic placement of balloon occlusion catheters to
reduce bleeding at the time of cesarean hysterectomy for PAS. However, there is insufficient evidence to
demonstrate the real safety and efficacy of these devices and establish which groups of patients with PAS would
have more benefit from their use. Other studies analyzed the advantage of ligating the internal iliac arteries and
concluded that the efficacy is similar to balloon occlusion devices (Dai et al., 2020).
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Blood conservation measures include administration of peri-operative intravenous tranexamic acid
(anti-fibrinolytic) at skin incision, and its use has been demonstrated to reduce intra-operative blood loss. Intra-
operatively, the return of blood collected via cell salvage during surgery is recommended when possible and
available (Touhami et al., 2022).

Meticulous surgical dissection at each of the surgery's key steps is paramount to minimizing blood loss.
Strategic ultrasound-guided hysterotomy to deliver the fetus, with selective use of an auto-stapler device or
efficient single-layer closure may also reduce surgical blood loss at the time of delivery.

Hemorrhage during superior devascularization of the uterus is often minimal with standard suture
ligation; the principal risk of bleeding comes from excessive upward traction on the uterus by lateral straight
clamps rather than by manual elevation (Touhami et al., 2022).

Dissection of the uterovesical plane is often a key step where significant surgical bleeding from large
aberrant neovascularization is first encountered; a meticulous lateral-to-medial dissection of this plane is
required. Division of these engorged blood vessels and adipose layer down with the bladder is the preferred
approach. Careful dissection should be continued inferiorly until the level of the anterior vaginal fornix where
colpotomy can be performed. Securing hemostasis of the vaginal vault, followed by prompt vault closure, is
often the final surgical step associated with significant blood loss (Touhami et al., 2022).

Exposure of the parametrial and pelvic side wall anatomy prior to bladder dissection, a critical surgical
step that allows identification of the ureters, has re-popularized the strategy of routine or selective ligation of the
anterior divisions of the internal iliac arteries with an associated reduction in blood loss. Recently, members of
our group reported that internal iliac artery ligation, as part of a multidisciplinary protocol-based quality
improvement initiative, can achieve very low median blood loss (1.0L) in cases of cesarean hysterectomy for
severe placenta accreta spectrum (Kingdom et al., 2020).

When placenta previa associated with PAS is suspected, surgeons should consider uterine incision at a
site distant from the placenta and should deliver the baby without disturbing the placenta in order to enable
conservative management or elective hysterectomy with a reduced blood loss (Jauniaux et al., 2018).

The abdominal incision must allow sufficient access to the uterus, and hysterotomy should be above
the upper placental margin. Preoperative or intraoperative ultrasound examination enables a good visualization
of the upper placental margin, and as a result, helps the surgeons to establish both the abdominal and uterine
incision (Jauniaux et al., 2019).

Maternal outcome in PAS:

PAS is associated with antenatal, intrapartum, and postpartum complications that have increased
maternal and foetal morbidity and mortality (Chaudhari et al., 2017)

PAS is closely associated with placenta previa, and this may give rise to one or more episodes of
antepartum haemorrhage that require prolonged hospital stay (Shamshirsaz et al., 2018).

The main risk associated with PAS is severe obstetric hemorrhage, which causes secondary
complications including coagulopathy, multisystem organ failure, and death. Surgical risks increase with the
depth of placental invasion. Studies report the following incidence of surgical complications in women with
PAS--bladder injury: 5-40%, ureteral injury: 0-18%, bowel injury/obstruction: 2-4%, venous thromboembolism:
4%, surgical site infection: 18-32%, maternal mortality: 1-7%, large-volume blood transfusions: 5-40% (Allen
et al., 2018).

Women with PAS tend to stay in the hospital for longer periods for preoperative optimization, undergo
multiple counselling sessions prior to surgery, and attend multi-disciplinary team (MDT) meetings (Eller et al.,
2011).
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Distortion of the normal pelvic anatomy with the presence of large bladder-uterovaginal anastomoses,
bulging of part of the placenta into the bladder or laterally into the parametrium and thick pelvic adhesions
increase the risk of unintentional damage to the ureter and bladder (Palacios-Jaraquemada, 2020).

Poorly controlled haemorrage related to placenta accrete, increta and percreta is the indication for one-
two thirds of peripartum hysterectomies, disseminated intravascular coagulopathy, adult respiratory distress
syndrome, renal failure, unplanned surgery and death. (Abd Elfatah et al., 2017).

In a multicentre retrospective case series on 452 patients on the management of invasive placenta,
Palacios et al. showed that when using the resection-reconstruction approach (one-step conservative surgery),
the uterus can be preserved with minimal morbidity and blood loss in almost 80% of cases (Varlas et al., 2021).

Subsequent pregnancies after conservative technique (resection-reconstruction) for PAS have shown
similar perinatal outcomes to cesarean delivery, with no differences regarding the pregnancy course (Palacios-
Jaraquemada et al., 2021).

The analysis of outcomes from cases managed expectantly are challenging to interpret from the
predominantly retrospective literature as due to the lack of histopathological confirmation, false-positive
diagnoses are likely to be included in their analyses. This may potentially lead to more favorable reported
outcomes and provide a source of bias. A systematic review of 44 studies reporting outcomes with expectant
management of 72 patients found that severe complications were common, developing in 40 (56%), with uterine
preservation achievable in 42 (58%) patients (Steins Bisschop et al., 2011).

Neither prophylactic uterine artery embolization nor the use of chemotherapy (methotrexate) improved
success rates, with one reported case of maternal death directly related to methotrexate use. The mean time for
complete placental resorption was lower in the embolization group than in the non-embolization group (22.4
weeks vs 35.3 weeks; p=0.014). Either emergency or elective hysterectomy was performed at a mean of 44.6
days after cesarean delivery; and among the 23 patients with hysterectomy-related complications, 18 (78%)
experienced bladder injury, intra-operative bleeding (>2.0L), or both (Touhami et al., 2022).

Sentilhes et al conducted a retrospective study into fertility and pregnancy outcomes following
conservative treatment. They reported subsequent amenorrhoea due to severe intrauterine synechiae (Asherman
syndrome) in 8.3%, with a further 5.2% describing oligomenorrhoea. Of the 27 (28%) participants who wanted
more children, 24 (89%) had 34 pregnancies (21 third-trimester deliveries, one ectopic pregnancy, two
terminations, and 10 miscarriages) with a mean time to conception of 17.3 months (range 2-48 months). All 21
deliveries resulted in healthy babies born after 34 weeks of gestation, with placenta accreta spectrum recurring
in 6/21 cases (29%) (Sentilhes et al., 2010).

With a potentially prolonged course of recovery, frequent follow-up, and requirements to reside in
close proximity to emergent care, expectant management can pose significant challenges. Among the potential
adverse outcomes reported during the time of placental reabsorption and resolution, severe vaginal bleeding
(53%), sepsis (6%), and death (up to 4%) are the most significant risks (Steins Bisschop et al., 2011).

Pregnant patients with PAS frequently undergo cesarean delivery followed by immediate
hysterectomy. This surgical procedure is associated with significant maternal morbidity and mortality, including
hemorrhage, shock, coagulopathy, urinary tract injury, intensive care unit admission, and prolonged
hospitalizations (Matsuzaki et al., 2021).

The risk of death among cases of severe forms of PAS is as high as one in 71 patients. Thus, any
surgical approach to reduce maternal morbidity and mortality is utmost importance in the management of
pregnant patients with PAS (Kingdom et al., 2020).

Long-term complications can also occur, and these need to be considered when counselling women
with PAS disorders. Infertility and psychological disturbances may have a strong and long-lasting impact on
women's health (Ou et al., 2019).

Future Fertility:
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Expectant management of placenta accreta spectrum appears to have minimal effect on subsequent

fertility but does carry a high recurrence risk of placenta accreta spectrum. In a large series of women monitored
after expectant management, 30% (27/91) desired subsequent pregnancy (Sentilhes et al., 2010).

Three women had been attempting pregnancy for approximately 1 year, and 24 women had 34

pregnancies. Of the 32 continuing pregnancies, 10 were miscarriages, 1| was an ectopic pregnancy, and 21 gave
birth after 34 weeks of gestation. Of the third trimester deliveries, 6 out of 21 women (28.6%) had recurrent
placenta accreta spectrum. Other series reported similar rates of pregnancy success and also described increased
placenta accreta spectrum recurrence rates ranging from 13.3% to 22.8% (Kabiri et al., 2014).
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