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Introduction

Since PAS was first prescribed in the first half of the twentieth century, hysterec-
tomy has been the sole management of this life-threatening disorder for several
decades [1]. Uterus-preserving procedures have not been endorsed until relatively
recently, perhaps in concordance with our developing understanding of risk factors
and antenatal diagnosis, which has rendered planned delivery feasible for many
cases. However, uterus-preserving procedures comprise a spectrum of expanding
inconsistent techniques that are associated with variable success rates and compli-
cations [2—4]. These procedures are highly dependent on surgeon’s experience and
dexterity, and evidence on their safety and efficacy is limited. In addition, some of
these procedures may include manual removal of the placenta, which makes such
procedures concerning since this may trigger extensive and life-threatening bleed-
ing. Although uterus-preserving procedures have been increasingly appraised as a
possible alternative particularly in women who are highly motivated to maintain
their fertility, caesarean hysterectomy remains the standard procedure and is univer-
sally recommended by internationally recognized practice guidelines especially in
severe cases [5].
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Although evidence-based recommendations on management of PAS disorders
have been consistently adopted by several international communities, this topic
lacks high-quality prospective studies that would support many of these recommen-
dations [4]. This may be due to the low incidence of PAS (0.2% of all pregnancies),
which precludes conduction of large studies [6]. Furthermore, the serious nature of
PAS disorders creates ethical restrictions to clinical assessment of some manage-
ment approaches. In addition, many studies reflect a particular team-based practice
on selected group of cases (case series) rather than a comprehensive and universal
protocol to all women with PAS. Therefore, reproducibility of emerging results is
usually doubtful. Unfortunately, external validation of any of the proposed tech-
niques, on a larger cohort or in a different setting, is rarely done. These concerns
disrupt robustness of evidence and broaden the gap between evidence-based guid-
ance and actual practice since none of the these practice-based approaches could be
satisfactorily studied to prove its safety and efficacy.

Evidence-Based Recommendations on Management of PAS

Antenatal Screening

With the rising trend of cesarean section rates worldwide, PAS is no longer consid-
ered a rare disorder. The Royal College of Obstetricians and Gynaecologists
(RCOG) highlights the importance of identifying PAS risk factors during antenatal
assessment [7]. Antenatal suspicion of PAS facilitates planned management, which
yields substantially better outcomes compared to unrecognized cases diagnosed at
the time of labor. Therefore, the Society of Obstetricians and Gynaecologists of
Canada (SOGC) recommends routine screening of women with prior cesarean
delivery or uterine surgery for PAS [8]. Screening can be made using ultrasound,
which is ideally performed at the time of mid-trimester fetal anatomy scan [8]. As
recommended by the Royal Australian and New Zealand College of Obstetricians
and Gynaecologists (RANZCOG), suspected cases of PAS should be planned as
confirmed PAS and should be referred to a PAS specialized center [9].

Transfer of Care

Standard management of women with PAS should be initiated as early as suspicion
is raised. The American College of Obstetricians and Gynecologists (ACOG) rec-
ommends immediate transfer of suspected patients to a tertiary center that has the
facility to follow up and manage women with PAS disorders [6, 10]. Specifically,
PAS referral centers should have sufficient and readily available blood products.
Availability of autologous blood salvage devices is preferred. Autologous cell
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salvage is associated with lower need for allogenic blood transfusion, with no
increased risk of complications [11-13]. Therefore, the International Federation of
Gynecology and Obstetrics (FIGO) recommends the use of autologous cell salvage
when available [14]. Indeed, autologous cell salvage may be compulsory if women
decline or cannot receive blood products, e.g., Jehovah’s Witnesses [15, 16].

Furthermore, PAS specialized centers should support PAS-directed multidisci-
plinary care, which consists of an obstetrician or obstetric surgeon, a pelvic surgeon,
an anesthesiologist, an intensivist, a neonatologist, a urologist, a hematologist, and
an interventional radiologist [17]. Multidisciplinary structure, involved in decision-
making and clinical care, promotes cumulative institutional experience in all aspects
of PAS management, which eventually results in significant improvement of mater-
nal outcomes and quality of care [18]. Specifically, this mounting experience yields
lower risk of massive blood transfusion, intensive care admission, and reoperation
[19]. Similar recommendations are made by the SOGC, which supports the role of
specialized centers and multidisciplinary approach to optimize care of women with
PAS [8]. SOGC defines the structure of these centers and emphasizes on the neces-
sity of level II obstetric ultrasonography, level III maternity unit, level II neonatal
intensive care unit, and adult intensive care unit. The role of centers of excellence
and multidisciplinary care in reducing maternal morbidity is also recognized by
FIGO [14, 17, 20-22]. In addition, FIGO strongly recommends that a surgeon spe-
cialized in complex pelvic surgery attends delivery [14]. A retrospective study of 98
women showed that attendance of a gynecologic oncologist was associated with
less blood loss and lower need for blood transfusion [23]. Similarly, RCOG endorses
the role of complex pelvic surgeons as a part of the managing team [7].

The managing team should hold a thorough discussion with the patient to explain
her potential diagnosis. Women should be counseled on different management sce-
narios and potential complications associated with PAS including massive bleeding
and potential need for blood transfusion, urinary tract injury, and hysterectomy and
additional procedures that may be necessary to manage these complications. RCOG
also recommends that anesthesia plan should be discussed antenatally and women
should be counseled and consented on the possibility of conversion from spinal to
general anesthesia [7].

Delivery Planning

Planned delivery is a crucial part of PAS management and is associated with better
outcomes compared to emergency delivery [24, 25]. Delivery should be scheduled
on a date that weighs the risk of preterm labor against risk of emergency delivery.
According to ACOG, patient preference and maternal and fetal status should be also
considered. Accordingly, “34 weeks” may be the optimal time to schedule delivery
unless earlier delivery is otherwise indicated [26, 27]. Delivery window may be
extended to 36 + 0 weeks. However, ACOG does not support expectant management
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beyond this point because it may increase risk of spontaneous bleeding and emer-
gency delivery [26]. For similar reasons, SOGC recommends elective delivery
between 34 and 36 weeks of gestation. Antenatal steroids should be offered within
1 week of planned delivery if it is scheduled at or before 34*° weeks of gestation [8,
28]. FIGO also considers the balance between risks of bleeding and prematurity and
recommends scheduled delivery, preferably between 34 and 35 weeks [20, 29-31].
However, RCOG extends the window of scheduled delivery between 35 and 36*¢
weeks of gestation [7]. This recommendation is supported by retrospective data
which did not show significant risks associated with expectant management of PAS
beyond 36 weeks [32]. An emergency plan should be readily available if immediate
delivery is necessary for bleeding or other urgent obstetric indications. SOGC rec-
ommends that women are counseled not to travel far away from specialized centers.
They should be provided with a document declaring their diagnosis, managing cen-
ter, and plan of care to facilitate their transfer in case of emergency [8].

As a part of planned delivery, operative room should be equipped with available
blood products, and the blood bank should be notified and should anticipate and
prepare for massive transfusion protocols. Devices and medications required for
management of postpartum hemorrhage should be readily accessible. Management
approach should be thoroughly discussed with the patient in advance, and she
should be counseled on the necessity, complications, and outcomes of peripartum
hysterectomy [10]. Women who are highly motivated to reserve future fertility
should be aware of uterus-preserving options. ACOG recommends that decision
should be individualized [10]. However, counseling should be prudently made since
these options are not supported by high-quality evidence and they may be associ-
ated with significant risks. Either way, women should be consented for hysterec-
tomy since uterus-preserving procedures are liable to failure or infeasibility due to
intraoperative bleeding. It is important to emphasize that there are no randomized
clinical trials or prospective well-controlled observational studies that compare
planned hysterectomy to uterus-preserving procedures and current data is mostly
derived from single-arm and small studies [33].

Although planned delivery in a specialized tertiary center is indicated in all sus-
pected cases, unexpected intraoperative diagnosis of PAS is common, reaching
more than 30% of all cases in some reports originating from developed countries
[34]. In these situations, ACOG recommends proceeding with uterine closure and
hysterectomy. Unfortunately, hysterectomy may not be feasible in all birth units,
and under these circumstances, women should be hemodynamically stabilized with
blood transfusion, tranexamic acid infusion, and abdominal packing if necessary,
before the patient is transferred to a specialized center [10]. Similarly, if PAS is
recognized prior to uterine incision, SOGC recommends that the abdomen should
be closed, and the patient should be immediately transferred to a specialized center
for definitive management [8, 35].

Unexpected intraoperative diagnosis of PAS may occur after vaginal delivery
even in the absence of risk factors. If the placenta is retained with no uterine bleed-
ing indicating placental separation, and no plane of placental separation can be felt
by bimanual examination, PAS disorder should be suspected. According to SOGC
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guidelines, the acceptable approach comprises cutting of the umbilical cord and
clamping it with an absorbable suture, administration of intravenous prophylactic
antibiotics, and keeping an intravenous access with continuous oxytocin infusion.
Oral intake is prevented for 12—24 hours should general anesthesia be needed for
urgent surgical management. According to SOGC, placental tissue may be removed
under ultrasound or hysteroscopic guidance if the patient remains stable with no
active bleeding [8]. High-intensity focused ultrasound has been recently proposed
in stable women if retained placental tissue is larger than 3 cm, yet not occupying
more than half of the uterine cavity [36].

Preoperative Preparation

As a part of planned management, optimization of perioperative environment should
be contemplated. Antenatal suspicion of PAS provides sufficient time to review
medical records, request additional information, and carry out any necessary mea-
sures. SOGC recommends maternal serology testing, including hepatitis C, hepati-
tis B, and HIV viruses prior to delivery. Additionally, previous surgical reports,
especially if associated with massive blood transfusion, should be obtained. A sim-
ple but crucial measurement is correction and follow-up of maternal hemoglobin
prior to delivery since anemia may aggravate sequalae of blood loss both quantita-
tively and qualitatively [8]. Iron deficiency is the most common cause of anemia in
pregnancy and can be corrected either orally or intravenously [37]. FIGO also pro-
poses the use of erythropoietin, if clinically indicated, understanding that this treat-
ment is associated with significantly higher cost [14].

Since PAS-indicated cesarean hysterectomy is associated with high incidence of
urinary tract injuries (approximately one third of cases), utility of preoperative
placement of ureteric stents has been investigated and was found to reduce the inci-
dence of urinary tract injury to 6% [38]. Therefore, ureteric stents are endorsed by
FIGO and RANZCOG particularly if bladder invasion is preoperatively suspected
[9, 14]. Similarly, RCOG does not support the use of ureteric stents and cystoscopy
unless the bladder is likely invaded [7, 39, 40]. Preoperative cystoscopy may be
considered to assess bladder invasion [39]. A full bladder may facilitate bladder dis-
section from the lower segment, cystotomy, and cervical identification when total
hysterectomy is performed [31]. Therefore, RCOG recommends bladder filling to
identify bladder separation plane and cystotomy to excise affected area when blad-
der invasion is confirmed [7, 40, 41].

Massive bleeding and blood transfusion are the most common complications of
PAS, and cross-matched blood products should be readily available for planned and
emergency delivery. Obstetric hemorrhage in PAS patients requires greater compen-
sation for the lost blood compared to other causes of postpartum hemorrhage.
Therefore, RCOG recommends that standardized PAS-directed national or institu-
tional protocols of postpartum hemorrhage and blood transfusion should be adopted
and strictly followed [7, 42—44].
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Intraoperative Management
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Anesthesia

As recommended by FIGO, the type of anesthesia should be determined by
the anesthetist in collaboration with the multidisciplinary team especially
when risk of massive intraoperative bleeding is significant [14]. However, if
diagnosis of PAS is made intraoperatively, the probability of conversion of
regional to general anesthesia is high [45-48]. General anesthesia is more
suitable in emergency situations where anesthesia can be established quickly,
and resuscitation of unstable women is facilitated. In general, regional anes-
thesia is preferable to general anesthesia whenever feasible since it is associ-
ated with lower incidence of anesthetic complications. Although some studies
showed that regional anesthesia may reduce maternal morbidity caused by
hemorrhage and blood transfusion in women with PAS [49, 50], a retrospec-
tive study of 50 cases with PAS did not support this conclusion [48]. In addi-
tion, regional anesthesia precludes the risk of neonatal respiratory depression
caused by volatile drugs that cross the placenta. Fortunately, this risk may not
be substantially significant [48].

Positioning

Intraoperative placement of women with PAS in a modified lithotomy posi-
tion is preferred. SOGC endorses this position should vaginal access be
needed and to facilitate monitoring of vaginal bleeding intraoperatively [8].
Perioperative Medications

Antibiotics and tranexamic acid should be administered intravenously at the
time of skin incision [8, 51]. Oral or intravenous administration of tranexamic
acid pre- or intraoperatively is also highly recommended by FIGO based on
established results of a large double-blinded clinical trial. The study, that
comprised 20,060 women, showed that use of tranexamic acid reduces post-
partum hemorrhage-related deaths with no increased risks of thromboembo-
lism [52]. Although the study was not specific to PAS, women with placenta
previa or accreta were not excluded from the study, and they presented 9% of
the study population.

Skin Incision

Classically, the pelvis should be accessed through a midline vertical skin inci-
sion. According to FIGO, midline skin incision should be opted for placentas
that extend beyond the lower uterine segment toward the umbilicus and when
cesarean hysterectomy is planned. However, transverse skin incision, either
low or midline, may be appropriate depending on the highest level of anterior
placental edge [53].

Bladder Dissection

Since urinary tract injuries can significantly complicate surgery and disrupt
visualization of the field, FIGO recommends assessment of bladder invasion
and proper bladder dissection before the fetus is delivered [38, 54]. This
should be completed and diagnosis of percreta is confirmed before cystotomy
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and excision of the invaded area of bladder are made [53]. In such cases, a
posterior approach may be required to facilitate uterine devascularization and
hysterectomy [55].

Uterine Incision

While assessing for extent of invasion, the uterus should be gently handled.
Ultrasound can be used intraoperatively to guide uterine incision, which
should be ideally a classical incision and should avoid cutting through the
placenta. Intraoperative ultrasound has gained increasing popularity in local-
izing the placenta before uterine incision is made and is endorsed by SOGC
and FIGO [8, 53]. Uterine incisions should be made above the upper placental
margin including fundal hysterotomy which may be performed transversally
to deliver the fetus if the placenta extends anteriorly [20, 21, 41, 56, 57].
Although the use of uterine staplers or Smith-Opitz clamps, as adopted in
fetal surgery, may reduce intraoperative bleeding, availability and cost of
these instruments limit the popularity of their application. SOGC recom-
mends a one-layer closure of the uterus before proceeding with hysterectomy
to reduce intraoperative blood loss [8].

Uterine Preservation

Although ACOG endorses cesarean hysterectomy as the standard manage-
ment of women with PAS, uterine preservation may be considered on indi-
vidual basis [6, 10]. ACOG restricts uterine preservation to PAS associated
with focal invasion where the adherent area is sufficiently localized to permit
manual or surgical removal of the placenta with closure of the defect [27].
Similarly, RCOG considers partial myometrial resection if minimal invasion
is identified. However, a consent to preserve the uterus should be obtained
[7]. En bloc removal of placental invasion, followed by uterine repair, may be
considered with larger adherent areas [58]. Accordingly, feasibility of uterine
preservation is mainly determined intraoperatively. Therefore, women should
be clearly counseled that even if uterine preservation would be considered,
hysterectomy may be eventually warranted.

Extirpative technique of uterine preservation refers to manual or forceful
removal of the placenta to empty the uterus followed by bleeding control.
Although the technique is old and well known in management of postpartum
bleeding associated with incomplete separation of the placenta [15, 59-64], it
is associated with substantial risk of intractable uterine bleeding in the pres-
ence of PAS, which would double the average blood loss in these cases [64].
Compared to “leaving placenta in situ,” extirpative technique is associated
with higher incidence of blood transfusion, disseminated intravascular coagu-
lopathy (DIC), hysterectomy, and infections [65]. Therefore, FIGO recom-
mends avoidance of extirpative technique and advises against manual removal
of the placenta if PAS is suspected and/or placental separation does not easily
occur [53].

In concordance with ACOG, SOGC also considers uterine preservation if
the placenta is separable with focal invasion that can be excised and repaired.
In fact, excision of invaded myometrium may also reduce risk of recurrence
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in subsequent pregnancies [66]. Although FIGO realizes focal resection and
reconstruction of the uterus as a possible method of uterine preservation [53,
58, 67, 68], it raises a valid concern on its reproducibility since the procedure
could be highly dependent on surgeon’s skills [53]. SOGC also endorses a
technique of perioperative localization of placenta wedge which may be
guided by preoperative magnetic resonance imaging (MRI), pelvic devascu-
larization, and placental nonseparation with resection of the invaded wedge.
This procedure is known as “triple-P technique” [8, 69]. Although triple-P
technique seems to reduce the incidence of hysterectomy, data may be too
sparse to make a strong recommendation [69, 70]. FIGO also endorses the
promising results of placental bed tamponade, which involves suturing of the
inverted cervical lips to the lower uterine wall. The procedure was efficient as
indicated by a few case series [71-76]. Nevertheless, larger studies may be
warranted to establish robust recommendations. Both triple-P procedure and
cervical tamponade were not considered by the RCOG due to limited evi-
dence [7]. Uterine compression sutures have been proposed as a procedure to
preserve the uterus in certain situations. They include either the same com-
pression sutures used to manage atonic postpartum hemorrhage (e.g., B-Lynch
sutures) or other sutures designed specifically to control bleeding from pla-
cental bed (e.g., multiple 8 compression sutures) [71, 77]. Although these
procedures may be associated with reported cases of wound infection and
intrauterine synechiae, overall, they seem safe and associated with reassuring
long-term fertility outcomes [78—80]. However, most data originate from case
series and small studies, and evidence is too limited to recommend their
implementation [81]. A retrospective study of 148 women showed that the
use of Bakri balloon for uterine preservation was comparable to local uterine
wall resection and hysterectomy in rate of admission to intensive care unit,
duration of hospital stay, operative time, and amount of transfused blood
products [82]. However, larger well-designed studies are warranted to vali-
date these conclusions. In fact, data on many uterus-preserving procedures
are derived from case series and small studies and may be associated with
inconsistent outcomes [83].

SOGC also acknowledges an alternative to hysterectomy if non-focal inva-
sion is found. In this situation, there should be no trial to remove the placenta,
which is left in place and the uterus is closed. Leaving “placenta in situ” is the
first established uterus-preserving procedure. In this method, the cord is cut
away from its placental origin and the uterus is closed [53]. Thereafter,
patients expectantly managed awaiting tissue atrophy secondary to reduction
in blood supply with subsequent resorption, separation, and expulsion of pla-
cental segments [84]. In a French retrospective multicenter study of 167
patients managed with this approach, success rate was 78% and the uterus
took a median of 13.5 weeks (range 4-60) to spontaneously empty [85].
Although this approach is recognized by SOGC and RANZCOG, they are
obvious about its drawbacks, which should be clearly shared with the patient
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before a preoperative decision is made. They include prolonged recovery
course, relatively long follow-up, and persistent possibility of secondary hys-
terectomy (up to 40%), which may be indicated up to several months after
delivery [3, 8, 9, 83]. Furthermore, leaving placenta in situ can lead to signifi-
cant maternal morbidities. Pelvic infection, sepsis, hemorrhage, coagulopa-
thy, and pulmonary embolism are among the reported complications of this
approach [2, 15, 85, 86]. FIGO and RCOG state that administration of pro-
phylactic antibiotics may be considered if the placenta is left in situ.
Nevertheless, level of evidence is low [7, 27, 53]. Administration of metho-
trexate, as an adjuvant treatment to accelerate placental autolysis, was not
shown to be considerably effective based on data from small studies and was
associated with significant side effects such as pancytopenia and nephrotoxic-
ity. In addition, methotrexate may increase risk of pelvic infection and sepsis
due to its immunosuppressive effect [§7-91]. Therefore, FIGO and RCOG
recommend against the use of methotrexate if the placenta is left in situ [7,
53]. Postpartum removal of placental tissue using hysteroscopy and ultra-
sound guidance has been proposed to hasten placental resolution [92, 93].
However, these options are only supported by limited data, and risk of perfo-
ration of a postpartum uterus presents a major concern to their use [92]. High-
intensity focused ultrasound, as a method to ablate placental tissue without
perforation risk, has been recently proposed with initial promising results
[94]. However, this method has only been investigated in women with resid-
ual placental tissue larger than 3 cm, but not occupying greater than 50% of
the uterine cavity and has not been investigated in women who were managed
specifically by leaving the whole placenta in situ [36].

Cesarean Hysterectomy

If cesarean hysterectomy is planned, placental removal should not be
attempted. Leaving the placenta in place while proceeding with hysterectomy
is associated with less blood loss and lower incidence of blood transfusion
[29, 32, 95, 96]. Although this practice is recommended by FIGO and RCOG,
FIGO also considers a gentle trial to remove the placenta acceptable if spon-
taneous separation occurs or if placental invasion appears minimal [41]. In
absence of spontaneous separation, FIGO advises that uterotonics should not
be administered and that the operative team should proceed with immediate
hysterectomy [14]. FIGO also recommends total hysterectomy over subtotal
hysterectomy. Although subtotal hysterectomy is associated with shorter
operative time, less blood loss and lower rate of blood transfusion, cervical
involvement by placental invasion and risk of cancers that may rise from cer-
vical stump make subtotal hysterectomy less preferred in modern practice
[14]. Nevertheless, the Society of Maternal-Fetal Medicine (SMFM) survey
showed balanced predilection among surgeons regarding their preferred hys-
terectomy technique (55% for total hysterectomy vs. 45% for subtotal hyster-
ectomy) [97]. Other modifications to hysterectomy including posterior
retrograde hysterectomy via pouch of Douglas [98], modified radical hyster-
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ectomy with the use of bipolar cautery device [20], linear cutting stable device
for hysterotomy [99], and use of vessel-sealing devices [100] were also
described.

In some cases, the placenta may extensively invade the surrounding pelvic
organs, and thereby, immediate hysterectomy may become challenging to
perform. Delayed hysterectomy may be scheduled from the 3rd to the 12th
week after delivery [21, 101, 102]. The rationale of delayed surgery is to
allow tissue resorption and reduction of vascularity before hysterectomy is
performed. FIGO endorses the option of delayed hysterectomy if immediate
hysterectomy is not feasible understanding that level of evidence, supporting
this practice, is low [14]. Total blood loss associated with delayed surgery
may be comparable to immediate hysterectomy [21, 101, 103]. However,
delayed hysterectomy may be associated with risks of leaving placenta in
situ. Thus, regular follow-up is mandatory and emergency hysterectomy
should be planned, if necessary [14].

Pelvic Devascularization

In conjugation with primary intervention, pelvic devascularization is consid-
ered by many surgeons to reduce blood loss. Although internal iliac artery
ligation is adopted by many PAS specialized centers, the procedure has not
been proved to be effective [8]. This is probably because the rich collateral
blood supply from external iliac arteries and the aorta compensates for inter-
nal iliac artery occlusion. Furthermore, internal iliac artery ligation may add
to complexity of surgery and may be associated with longer operative time
and risk of vascular complications [104]. Preoperative bilateral transfemoral
placement of internal iliac artery balloons, which are inflated intraoperatively
after delivering the fetus, was associated with similar outcomes [105, 106].
Thus, both techniques of occlusion are not routinely recommended by the
SOGC [8]. Similarly, FIGO does not recommend routine radiologic or surgi-
cal devascularization [53]. In addition to their limited effectiveness, these
procedures are associated with several complications including popliteal and
external iliac arteries thrombosis [107, 108], rupture of iliac artery [109], and
nerve injury due to ischemia.

Emerging evidence on temporary infrarenal aortic balloon occlusion sup-
ports its safety and efficacy. A meta-analysis of 11 clinical studies (776 patients)
showed that the procedure was associated with significant reduction in blood
loss (mean difference [MD], 1480ml; 95% confidence interval [CI], —1806
to —1154 ml), operative time (MD, 29.23 min; 95% CI, —46.04 to —12.42), and
volume of blood transfusion (MD, 1125ml; 95% CI —1264 to —987). The pro-
cedure was also associated with shorter hospitalization and lowered hysterec-
tomy rate when performed alone with uterus-preserving procedures (OR 0.30,
95% CI 0.19 to 0.48) [110]. Therefore, this approach is recommended by
SOGC particularly when a difficult surgery is anticipated [8]. Similarly, SMFM
endorses clamping and balloon occlusion of abdominal aorta as an effective
method to decrease pelvic blood flow. However, risk of potential distal throm-
bosis or ischemia should be considered, and a vascular surgeon should be con-
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sulted if this option is considered [111, 112]. RCOG highlights the controversial
role of interventional radiology, including internal iliac artery, uterine artery,
and aortic occlusion due to lack of large well-designed studies [113-122].
Nevertheless, RCOG considers this option in women who decline blood trans-
fusion along with cell salvage [7, 43]. Arterial embolization may be considered
in women with postpartum hemorrhage particularly if they are hemodynami-
cally stable and do not suffer severe bleeding [123].

Postoperative Care

Postoperative care of women with PAS is crucial since complications of high-
volume blood loss, prolonged surgery, intraoperative hypotension, and organ sys-
tem dysfunctions are not uncommon. SMFM recommends frequent monitoring of
vital signs and urine output using an indwelling catheter. If there is anuria or persis-
tent hematuria, urinary tract injuries should be considered among other causes.
Bleeding from the vagina and the incision should be frequently assessed. Anemias
and coagulopathies should be corrected. Women should be encouraged to ambulate
early to reduce risk of thromboembolic events associated with pregnancy, surgery,
massive blood loss, and blood transfusion [111].

In women who were managed by “leaving placenta in situ,” strict follow-up is
indicated since residual villi may take up to 6 months to resolve [89]. There are no
standardized protocols to follow up these patients. Nevertheless, follow-up should
take place in a specialized center with suitable experience [53]. FIGO recommends
weekly measurement of serum B-hCG to ensure reduction of placental tissue.
Nevertheless, ultrasound remains the primary method of assessment of placental
mass. Other imaging modalities, such as magnetic resonance imaging, are not
required [124]. Besides, follow-up visits should include clinical assessment of vagi-
nal bleeding and infection and investigations, such as vaginal culture, hemoglobin
level, and leucocytic count, if indicated [85]. If postpartum course remains uncom-
plicated after 3 months, follow-up visits can be scheduled monthly [53].

Barriers to Evidence-Based Practice: Why Does Global
Practice Not Strictly Follow Guidelines?

According to the World Health Organization (WHO), guidelines are a set of
evidence-based recommendations that instruct clinicians on how to practice in a
way that yields the best possible outcomes according to the highest quality of
research [125, 126]. Although practice guidelines have played a major role in mod-
ern medicine, there are some inherent concerns that limit their reflection on clinical
practice. For example, guidelines are associated with high dependency on
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homogenous controlled studies which may not be reflective of general population
and actual practice circumstances. Also, guidelines tend to refer to committees’
opinion to resolve many inconclusive issues, which may be influenced by personal
perspectives, institutional style of practice, served population, and availability of
resources. Guidelines may limit the role of personal experience and appreciate
study quality at the expense of unstudied population, which may differ significantly
from the study cohort [127, 128]. Thus, these recommendations may offer a treat-
ment of a specific disease rather than a particular patient [129-131]. In fact, the
process of generation of practice guidelines may be influenced by the origin of the
study, and in some situations, national guidelines may prioritize regional studies
over international studies even if the later exhibit higher quality or larger cohorts
[132]. Guidelines are limited by lack of high-quality data, which results in exclusion
of several approaches, some of which may be efficient or deemed efficient based on
unpublished institutional experience. Nevertheless, evidence-based guidelines
remain the most widely acceptable method to practice standardized medicine in a
controlled fashion. Otherwise, practice would be inconsistent, significantly impacted
by providers’ varying experience, and medical malpractice will be challenging to
define [29, 133].

Implementation of PAS guidelines may be challenged by several regional and
clinical obstacles. Specifically, planned cesarean hysterectomy is defined as the
standard management of PAS by all internationally recognizable practice guide-
lines. This is primarily due to safety concerns, which place a well-established sur-
gery superior to less known and surgeon-dependent procedures. However,
hysterectomy may have significant psychological sequalae in many women, includ-
ing depression, even in the absence of preexisting psychiatric illness [134-136]. It
is not uncommon that women experience negative thoughts regarding their physical
and sexual well-being [137]. These sequalae are usually a reaction to their frustra-
tion of losing a special feminine organ and their inability to carry a pregnancy in the
future. In some regions, the situation may be much exaggerated by cultural beliefs,
lack of understanding and support, and restrictions to fertility options, particularly
surrogacy. Under these circumstances, hysterectomy is strongly declined by many
patients. Surgeons have had to establish their own experience in preserving the
uterus to meet their patients’ interests, and with time, uterus-preserving procedures
have become more prevalent than hysterectomy in these regions. Therefore, some
institutes may be concerned that practice guidelines preclude their expertise and
enforce recommendations that present others’ experiences. The varying intraopera-
tive findings, endorsed by surgeons’ experience, may not be recognized as effi-
ciently by guidelines, which are limited by available studies, which do not
necessarily present all clinical data [44, 86].

On the contrary, some evidence-based recommendations are derived from stud-
ies, conducted in highly equipped institutes, and recruited highly compliant women.
Although these studies may provide evidence of high quality, their results may be
challenging to reproduce or concerning to adopt. For example, “leaving the placenta
in situ” is an acceptable approach for uterine preservation by many international
guidelines and is supported over many other approaches that are globally more
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prevalent, yet less studied. Nevertheless, “leaving the placenta in situ” is seldom
performed as indicated by surveys that screen experts’ preference in management of
PAS [97, 138, 139]. This may be attributed, in part, to complexity of follow-up and
prolonged recovery course associated with this approach. In addition, many provid-
ers may be inconvenient with risks of serious complications, especially if patient
compliance or institutional experience cannot be granted.

A survey of 36 experts in 2017, mainly based in Europe and Asia, showed that
61% perform primary cesarean hysterectomy as their first-line approach compared
to 39% who opt for uterus-preserving procedures as a routine practice. Twenty eight
percent of experts use partial myometrial resection and 17% use cervical tampon-
ade. Atrial embolization is used by 50% of experts and 47% use intra-arterial bal-
loons. In addition, 17 % of participants use methotrexate in their protocols [138].
This practice does not show substantial consistency with internationally recognized
guidelines. Indeed, PAS practice is globally inconsistent, and data derived from dif-
ferent regions may vary. In a survey involving 508 of SMFM members, 14.9%
report performing uterus-preserving procedures [139]. Nevertheless, data from the
same region may not be consistent as well [97].

Validity of Established Practice: Why Does Established
Practice Not Steer Guidelines?

As previously discussed, cesarean hysterectomy is considered the treatment of
choice and the safest surgical approach in cases of PAS. However, international
surveys revealed that many obstetricians consider uterus-preserving approaches
their primary management of PAS even if not supported by evidence-based recom-
mendations [138, 139]. Despite numerous studies that appraise a variety of uterus-
preserving procedures, none of these procedures has been recognized as a standard
management by current guidelines [140-142]. This fact highlights the gap between
evidence-based guidelines and actual practice in many regions although clinical
studies, used to create evidence, are anticipated to emerge from and appraise con-
temporary practice.

One of the main explanations of this gap is rarity of the condition, which makes
it challenging for obstetricians to investigate their proposed approaches on a large
population. A recent review of conservative managements of PAS reported that 54%
and 89% of available studies recruited less than 20 patients and less than 50 patients,
respectively [36]. These small studies may only show descriptive results and may
not be eligible for more robust statistical analysis, which is required to yield definite
conclusions such as regression analysis. Similarly, experimental approaches are
almost always tested through single-arm studies with small sample sizes or case
series [143, 144]. To a large extent, PAS is inherently deprived of randomized clini-
cal trials, which provide a high level of evidence, due to difficult recruitment and
ethical restrictions to experimental research in life-threatening conditions.
Prospective studies are not commonly conducted, probably due to difficult
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requirement as well. Thus, poor quality of most published data limits their impact
on evidence-based guidelines [145-147].

Case reports and case series are frequently reported particularly to assess novel
approaches in management of PAS [71, 146—153]. Again, these studies permit lim-
ited statistical inference. Moreover, they typically review a few surgeon-selected
cases who were managed by a particular approach rather than a controlled study of
all eligible women with definite preoperative and intraoperative selection criteria
that permit reproducibility of outcomes. This type of studies is highly subjected to
publication bias since authors may document cases that went well rather than those
who had major complications or even died, resulting in possible underreporting of
complications of these procedures. Many of the published procedures are surgeon-
or institution-based, meaning that they convey their established experience, which
may not be easily reproduced if a novice team tries the same approach. Moreover,
studying these procedures by a different team in a different institute is unlikely to
receive ethical approval given the limited supportive data of their safety.

For similar reasons, systematic reviews on PAS studies are limited. Trials to
review available data to build stronger conclusions are confronted with significant
heterogeneity in study design and outcomes [36, 140, 142, 154]. Many of these
studies are associated with significant concerns such as considering missing infor-
mation as a non-occurred event [140]. Several novel procedures are proposed and
appraised with only a few of them undergoing further validation by other investiga-
tors, resulting in numerous isolated techniques associated with limited data.
Assessment of long-term outcomes, including fertility outcomes, of most studies is
deficient due to lack of long-term follow-up [141]. Documentation of degree of
placental invasion and size of myometrial invasion is also deficient in many studies.
Thereby, systematic reviews cannot confidently ascertain that a procedure can be
safely recommended to all women with PAS [140, 142].

With scarcity of PAS patients, the amount of wasted data from unpublished cases
remains a frustrating concern. A recent systematic review reported that all recent
studies that investigated uterine preservation were conducted in 17 countries only,
and more than 50% of them were conducted in China [36]. This indicates that cur-
rent data are not presentative of global practice and that there is significant leak of
precious information since most institutes do not publish their data. The lack of
PAS-focused clinical researchers in these institutes is the likely explanation.

These concerns highlight the importance of multicenter studies, which can solve
recruitment issues and cohort size, and reach centers that do not participate in PAS
research even if clinical researchers are not readily available in these centers. Large
retrospective data can yield an acceptable level of evidence to guide further multi-
center prospective studies or clinical trials without evoking significant ethical con-
cerns. It remains an ongoing challenge that current recommendations do not provide
definite preoperative and intraoperative criteria to determine eligibility for each
management option. Thus, it is also important to evaluate a complete management
protocol, rather than a procedure, where each management is considered based on
certain criteria, in order to establish a safe platform for management of women
with PAS.
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Conclusion

Cesarean hysterectomy is the primary management in women with PAS. Uterus-
preserving procedures should only be considered on individual basis and women
should be carefully counseled on their possible risks. With the rising incidence of
PAS cases, clinical researchers should actively collaborate to utilize expanding data
in order to establish contemporary management plans. Future studies should con-
sider the role of selective protocols rather than individual procedures, and multi-
center studies should be more frequently conducted to overcome inherent limitations
to PAS-related research.
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