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Introduction

In this chapter, we provide an overview about therapies that may offer benefit in
conjunction with cesarean hysterectomy, which is the most common and definitive
treatment of the placenta accreta spectrum (PAS). We also discuss techniques used
as adjunctive therapies with conservative and uterine sparing management, which
may be applied perioperatively. Specifically, we discuss the interventional modali-
ties that focus on preventing maternal hemorrhage. This includes vascular emboli-
zation, prophylactic arterial balloon occlusion, and use of the antifibrinolytic agent
tranexamic acid. We also briefly discuss the controversy surrounding methotrexate
and why its use is not recommended, and the investigational technique of high-
intensity focused ultrasound (HIFU).

Surgical Control of Bleeding

There are several different techniques that have been described for bleeding control
in cases of PAS which include intra-arterial embolization, intra-arterial balloon
occlusion, arterial ligation, intrauterine tamponade, and the use of uterine compres-
sion sutures.
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Uterine Artery Embolization

Uterine artery embolization (UAE) is a procedure most commonly used to treat
symptomatic fibroids [1]. Other indications include postpartum hemorrhage, inop-
erable gynecologic tumors, and occlusion of uterine vascular malformations [2].
The procedure is contraindicated in the setting of suspected gynecologic malignan-
cies, ongoing gynecologic infection, and ongoing pregnancy [3]. In the case of life-
threatening hemorrhage, UAE may be performed regardless of the clinical scenario,
when the benefits outweigh the risks [4]. The procedure is performed by interven-
tional radiologists. The embolic materials most commonly used for uterine or vagi-
nal hemorrhage are Gelfoam slurry, pledgets, coils, or n-butyl-2-cyanoacrylate,
whereas particles such as tris-acryl gelatin microspheres or polyvinyl alcohol are
used for embolization of fibroids. The procedure is performed by first gaining vas-
cular access via the common femoral or the radial artery, and passing a guidewire to
the intended target. Angiogram is performed to map the arterial tree and to locate
the uterine arteries. The ipsilateral anterior oblique view allows for optimal visual-
ization of the uterine artery. A 4- or 5-Fr catheter or a larger lumen microcatheter is
placed at the transverse portion of the uterine artery, distal to the cervicovaginal
branches, to prevent unintentional embolization of other arteries [5]. The goal of
treatment is to slow blood flow within the uterine artery and thus decrease uterine
perfusion pressure, rather than to cause complete occlusion of the artery. The most
common complications of uterine artery embolization are amenorrhea and persis-
tent vaginal discharge [6]. However, given the indication for UAE in the case of
PAS, when hysterectomy is planned and performed, these complications become
less significant.

Arterial embolization as a treatment for postpartum hemorrhage in cases of PAS
is supported by evidence-based data [7]. It can be used as an adjunctive therapy with
conservative management or with hysterectomy. In a systematic review of 177 preg-
nant patients who had pelvic arterial embolization in the setting of conservative
management, secondary hysterectomy was avoided in 90% of patients [8]. It has
been available as a highly successful treatment modality for postpartum hemor-
rhage for years [7]. However, arterial embolization for PAS differs significantly
from cases of postpartum hemorrhage due to uterine atony. The chaotic periuterine
hypervascularization between the bladder and lower uterine segment in PAS is pre-
dominantly venous in nature; therefore, arterial embolization does not directly
occlude these vessels. Additionally, periuterine fibrosis makes surgical dissection
challenging, no matter where the vessels are located. Bugling placental tissue may
increase the difficulty in mapping or easily accessing target arteries. Other arteries
that may be involved in the uteroplacental vasculature are the ovarian, pudendal,
obturator, sacral, and inferior epigastric arteries. Embolizing these aberrant vessels
could inadvertently cause ischemic events in organs such as the bladder or bowel [9].

Most reports focus on using arterial embolization in conjunction with conserva-
tive management. In one retrospective study, median estimated blood loss (EBL),
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transfusion requirements, and length of intensive care unit (ICU) stay were com-
pared between a UAE group that underwent UAE following delivery and prior to
hysterectomy and a control group who received only cesarean hysterectomy. There
was a significant difference in EBL (P = 0.04), 1500 (range 500-2000) vs 2000
(range 1000—-4500), respectively. There was not a significant difference in length
of ICU stay or transfusion requirements. In a subgroup analysis, women with pla-
centa increta had a significant decrease in length of ICU stay (P = 0.04) and trans-
fusion requirements (P = 0.009). Thus, the authors concluded that for placenta
increta, UAE following cesarean delivery and prior to hysterectomy appears to be
safe and effective in decreasing blood loss, transfusion requirements, and length of
ICU stay compared with cesarean hysterectomy alone [10]. Other studies have
described UAE prior to cesarean delivery; however, this poses the risks of expos-
ing the fetus to radiation, and decreasing oxygen supply to the fetus, causing the
surgeons to rush in attempts to decrease time from embolization to delivery
[11,12].

Internal Iliac Artery Ligation

Direct ligation of the internal iliac artery has been described, specifically several
retrospective studies studying outcomes in women who had this procedure per-
formed at the time of delivery. However, in one study, with the strength of having a
comparative group (patients who did not undergo internal iliac artery ligation), the
authors’ conclusion could not corroborate a reduction in blood loss. In this study,
patients with PAS who did and did not receive intraoperative internal iliac artery
ligation were analyzed for blood loss and length of hospitalization. Among 23 cases,
there was neither a significant difference in blood loss nor length of hospital stay
[13]. Notably, patients who did not have cesarean hysterectomy for management
were excluded from this study. A subsequent randomized controlled trial confirmed
the lack of difference of estimated intraoperative blood loss in patients with PAS
who underwent cesarean hysterectomy between groups who had internal iliac artery
ligation and those who did not. Additionally, the group who underwent internal iliac
artery ligation had significantly longer operative time [14].

Although internal iliac artery ligation is conventionally accepted as an effective
means to control blood loss intraoperatively, with studies showing up to 49% reduc-
tion in pelvic blood flow and 85% reduction in pulse pressure, cesarean hysterec-
tomy in the context of PAS presents additional challenges [13, 15]. The time needed
to achieve adequate hemostasis, presence of collateral vessels, and excess blood
flow from other vessels (external iliac, inferior epigastric, inferior mesenteric arter-
ies) and potential occlusion of the operative field by lateral placental extension are
all contributory factors [13]. Additionally, experience in identification of the inter-
nal iliac artery and appropriate ligation is necessary to avoid ligation and occlusion
of more proximal vessels.
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Endovascular Balloon Occlusion of the Pelvic Circulation

Endovascular balloon occlusion of the pelvic circulation is another strategy that has
been increasingly attempted as an adjunct intraoperative strategy [7]. The procedure
can be done in several ways, including occlusion of the internal iliac arteries
(PBOIIA), common iliac arteries (PBOCIA), abdominal aorta (PBOAA), and uter-
ine arteries (PBOUA). It can be performed in conjunction with or in lieu of UAE. Of
these, aortic balloon occlusion has been shown to be associated most consistently
with the reduced blood loss. Conversely, balloon occlusion of the internal iliac and
common iliac arteries has been shown to result in higher lower-limb complications
such as claudication and thrombosis [16].

One systematic review found a statistically significant difference in blood loss
for cesarean section and cesarean hysterectomy in pregnancies complicated by
PAS (=310 mL, P = 0.020) with use of PBOIIA compared to no endovascular
intervention [16]. Additionally, the authors found reduced amount of packed red
blood cells transfused in all patients who underwent endovascular occlusion com-
pared to those who did not during delivery (—1.54 units of packed red blood cells,
P =0.001). Operative time and length of hospital stay were not significantly dif-
ferent. There were, however, significant complications that arose from endovascu-
lar balloon occlusion including bladder injury, ureteral injury, disseminated
intravascular coagulopathy (DIC), vesicovaginal and vesicouterine fistula forma-
tion, rebleeding requiring further intervention, lower limb claudication, arterial
thrombosis, balloon rupture, access vessel pseudoaneurysm, and groin hematoma
[16]. Based on this systematic review and another small randomized controlled
trial, the International Society for Placenta Accreta Spectrum (IS-PAS) does not
recommend routine use of prophylactic pelvic arterial balloon catheters (Grade B
recommendation) [7].

Uterine Compression Sutures

Uterine compression sutures include methods such as B-Lynch, Hayman, Pereira,
Cho, and other techniques [17-21]. Several studies have reported the use of com-
pression sutures in conjunction with uterine artery ligation, intrauterine balloon
tamponade, and focal resection for uterine preservation in PAS cases [22-28]. In
a large case series, 26 women had bilateral uterine artery ligation performed, fol-
lowed by placement of a B-Lynch suture—compression achieved by suturing the
anterior and posterior uterine walls together [23]. B-Lynch suture is well described
as a treatment for uterine atony. The ligation was first performed with a simple
stitch, using 1.0 chromic suture. B-Lynch was then performed, followed by
double-layer closure of the hysterotomy. Although this technique was effective in
preserving fertility in cases of atony and bleeding from placental remnants, the
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limitations and drawbacks were noted. Placenta accreta spectrum and DIC were
proposed as reasons for failure of the B-Lynch procedure. Although bleeding from
atony was well controlled by the B-Lynch suture, there likely needs to be addi-
tional steps to control bleeding from the placental bed [23]. It is difficult to com-
ment about the use compression sutures independently, as it was used in
conjunction with arterial ligation or other measures in most of the studies
described above.

Use of Tranexamic Acid

The WOMAN trial was a large, multicenter, double-blinded, placebo-controlled
randomized controlled trial that compared tranexamic acid (TXA) to placebo to
prevent death from all causes of peripartum bleeding [29]. 20,021 gravidae were
included in the primary analysis, and there were 483 maternal deaths, in which
72% of these deaths were attributed to bleeding. The study concluded that the risk
ratio due to bleeding for patients who received 1 gram of TXA within 3 h of deliv-
ery was 0.78 (P = 0.03). In the WOMAN trial, if bleeding continued after 30 min
of first administration of TXA or stopped and restarted within 24 h, 1 gram of TXA
was re-dosed [29]. The risk reduction with regard to all causes of mortality was not
statistically significant. Importantly, the risk of thromboembolic events did not
differ between the groups, nor did the rate of sepsis [29]. The CRASH-2 trial, a
study of trauma patients, came to the same conclusion; however, this study dem-
onstrated reduction in all-cause mortality [30]. While neither of these studies was
specific to treatment of the PAS, given that PAS results in increased blood loss
compared to cesarean or vaginal delivery absent PAS, and that massive transfusion
is often required, it is plausible that early administration of TXA is reasonable
when anticipating massive transfusion. One international PAS database study ana-
lyzed factors associated with severe postpartum hemorrhage defined as either esti-
mated blood loss >3500 mL or > 5500 mL (the 75th and 95th percentiles for the
cohort). Neither prophylactic nor therapeutic tranexamic acid use correlated with
a difference in blood loss; however, the authors concluded that the lack of differ-
ence with therapeutic use was due to the indication for ongoing bleeding rather
than lack of efficacy [31]. This relatively inexpensive, low-risk intervention still
may be considered in patients with PAS and future, well-designed trials are
needed [7].

With regard to uterotonic agents and procoagulant agents, there is not enough
data validating their use directly related to PAS. Therefore, IS-PAS recommends
using uterotonic agents in compliance with local policies. Hemostatic agents and
procoagulant agents should be used at the discretion of the surgeon (class D evi-
dence) [7].
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Investigational Therapies

High-Intensity Focused Ultrasound

High-intensity focused ultrasound (HIFU) is another modality that has been pro-
posed for the management of PAS. HIFU is a noninvasive treatment that results in
thermal damage directly to a targeted area without an effect on the surrounding tis-
sue. It has been used historically in the management of solid tumors [32] and more
recently has been used for treatment of uterine leiomyomas, cesarean scar pregnan-
cies, and adenomyosis [33, 34]. A recently published systematic review of four
articles highlighted its potential application to PAS as an adjunct to conservative
management [35].

One study included patients who had vaginal deliveries with retained PAS only
[36], whereas the three remaining studies included patients who had either cesarean
delivery or vaginal delivery [37-39]. The studies had strict inclusion criteria, which
included exclusion of patients with active postpartum hemorrhage, extensive
abdominal scarring, and genital infection. Additionally, all studies included com-
bined treatment with uterine curettage or hysteroscopic resection, and methotrexate
in selected cases. For the one study in which only vaginal deliveries were included,
inclusion criteria included patients with (1) stable vital signs without active bleed-
ing or infection, (2) normal liver and renal function, (3) hemoglobin greater than 7,
(4) residual placenta area greater than or equal to 3 cm by 3 cm but covering less
than half the uterine cavity, (5) desire to preserve fertility and breastfeed, (6) declin-
ing surgery and chemical therapy, and (7) no prior conservative approach before
HIFU therapy [36]. Generally, the procedure is safe, with a low incidence of com-
plications (less than 1%), and highly effective for women who strongly desire uter-
ine preservation. However, the limitations of this procedure are noticeable.

In all included studies, a HIFU system was used for the procedure. This included
an ultrasound transducer with a generator (to produce the therapeutic energy), a
diagnostic ultrasound imaging device, a movement system controlled by a computer
to drive the transducer, a specialized treatment bed, and a degassed water circulation
unit. The procedure was performed with the patient lying in the prone position,
allowing the lower abdomen to be in contact with degassed water. The location,
size, and shape of the residual placenta, along with adjacent organs, were then
mapped out with assistance of the ultrasound-based computer system. The residual
placental tissue was divided into slices of 5 mm in width, and each slice was ablated
in 5-second bursts, from deepest to most superficial point of infiltration. Ultrasound
scans were performed before and after the treatment, to ensure that the target area
was captured [36].

The number of patients with PAS who may be eligible for HIFU is severely lim-
ited by the requisite strict selection criteria—patients with PAS may have significant
adhesive disease, and are at greater risk for significant hemorrhage, and definitive
management should not be delayed. Patients who are hemodynamically stable with
active bleeding are generally eligible for endovascular occlusion procedures;
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however, this is not the case for HIFU. There is a need for more evidence-based data
to further understand the role of HIFU in PAS prior to widespread adoption.

Methotrexate

Methotrexate therapy has been suggested as an adjuvant therapy for the conserva-
tive management of placenta accreta spectrum and is highly controversial [40]. In a
systematic review which studied conservative management strategies, there were 17
patients who received methotrexate. Six percent of these patients required a delayed
hysterectomy despite treatment. There were no deaths reported in the methotrexate
group in this study [41]; however, the route of administration of methotrexate was
not specified. In a retrospective study performed in China, 54 women with con-
firmed placenta increta who desired conservative management received either sys-
temic methotrexate intravenously or local multipoint injection under ultrasound
guidance. The treatment was considered successful if hysterectomy was avoided. In
the systemic group, which included 21 patients, 4 underwent hysterectomy for
uncontrollable postpartum hemorrhage and infection. In the local administration
group, which included 33 patients, 8 patients needed dilation and curettage as pla-
centa was not delivered spontaneously. However, there were no instances of hyster-
ectomy in this subgroup. There were no maternal deaths in the study [42]. In a larger
French multicenter study, there were 167 patients included who were treated with
conservative management including methotrexate. There was one maternal death
attributed to methotrexate therapy, when it was injected into the umbilical cord [43].

Methotrexate works by disrupting the folic acid pathway in rapidly dividing cells
such as first and second trimester trophoblasts. Trophoblasts’ division is limited and
does not appear to contribute significantly to placental growth in the later stages of
pregnancy; therefore, there is no biologic plausibility for the mechanism of action
of methotrexate, and it likely does not reduce the volume of the placenta [44].
Methotrexate is immunosuppressive, which can be harmful in the case of PAS, as
patients are already at higher risk of morbidity due to longer operative time—the
risk for infection and sepsis may be therefore be exacerbated with methotrexate
therapy. Methotrexate can cause pancytopenia, nephrotoxicity, and toxic accumula-
tion when injected intra-umbilically [41]. Based on these risks, the IS-PAS consen-
sus guidelines strongly recommend against using methotrexate [7].

Conclusions

Many adjunctive treatments may be used singly or in combination in addition to the
gold standard treatment for PAS—hysterectomy. These strategies can also be used
in conjunction with conservative management. Emerging strategies need further
investigation and may provide a wider array of novel options for PAS management.
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