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Postpartum hemorrhage (PPH) is the leading cause of maternal perinatal morbidity and
mortality worldwide. Defined as greater than 500 mL blood loss after vaginal delivery,
and greater than 1,000 mL blood loss after cesarean delivery, PPH has many causes,
including uterine atony, lower genital tract lacerations, coagulopathy, and placental
anomalies. Correction of coagulopathy and identification of the cause of bleeding are
mainstays of treatment. Medical therapies such as uterotonics, balloon tamponade,
pelvic artery embolization, and uterine-sparing surgical options are available. Hyster-
ectomy is performed when conservative therapies fail. Pelvic artery embolization is
safe and effective, and is the first-line therapy for medically refractory PPH. A thorough
knowledge of pelvic arterial anatomy is critical. Recognition of variant anatomy can
prevent therapeutic failure. Pelvic embolization is minimally invasive, has a low

radiology

Objectives: Upon completion of this article, the reader will
be able to discuss the role of pelvic artery embolization in the
treatment of postpartum hemorrhage.

Obstetrical hemorrhage remains the leading cause of
maternal perinatal morbidity and mortality worldwide,
accounting for 25 to 30% of all maternal deaths, with an
estimated 127,000 deaths annually.]"5 The risk of a woman
dying from postpartum hemorrhage (PPH) is 1:6 in devel-
oping nations, 1:30,000 in Northern Europe, and is 1:3,700
in the United States.>~’ Data from the United Kingdom
estimate that for each woman who dies from PPH, there
are 60 peripartum hemostatic hysterectomies.® Recent sys-
tematic reviews estimate the prevalence of PPH greater
than 500 mL to be 6.3 to 13% and greater than 1,000 mL
to be 1.9 to 2.8% in North America and Europe.”'® PPH is
becoming more prevalent in the United States due to
unknown factors."!
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complication rate, spares the uterus, and preserves fertility.

PPH is commonly defined as greater than 500 mL blood
loss during and following vaginal delivery, and greater than
1,000 mL blood loss for cesarean section.>'? However, since
visual estimates of blood loss are largely inaccurate, and can
err by greater than 50%,'3~1® additional definitions have been
proposed, such as decrease in hematocrit greater than
6%."718 Primary PPH occurs within the first 24 hours after
delivery, whereas secondary PPH occurs after 24 hours.'?

PPH is a condition that produces significant morbidity and
death; complications include hypovolemic shock, dissemi-
nated intravascular coagulation (DIC), renal failure, hepatic
failure, and acute respiratory distress syndrome.?? Multiple
conservative treatments and minimally invasive techniques
including pelvic artery embolization (PAE) and uterine bal-
loon tamponade aim to prevent these complications and
have successfully and progressively reduced the rate of
peripartum hysterectomy from 1/1,000 to 1/2,000 in the
last 20 years.?" Brown et al performed the first PAE for PPH in
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1979 for a primiparous patient with severe PPH who had
failed conservative measures including vaginal packing and
laceration suturing, as well as bilateral hypogastric artery
ligation.?? PAE has been suggested as the first-line therapy in
patients who are refractory to conservative measures.’>

Pathophysiology of Postpartum
Hemorrhage

Pregnancy increases circulating blood volume by 50% to
perfuse the low resistance uteroplacental unit and to com-
pensate for blood loss at delivery. Upon delivery, contraction
of the myometrium compresses the spiral arteries, leading to
hemostasis.'824

The most common cause of PPH is failure of mechanical
compression of the spiral arteries caused by uterine atony.?*
Uterine atony accounts for 70% of cases of primary PPH and
often results in hemorrhagic shock, which can progress to
endothelial damage and DIC.2>%%

Additional causes of PPH include retained products of
conception, abnormally invasive placenta (AIP; placenta
accreta/increta/percreta spectrum), uterine rupture, lower
genital tract laceration, and coagulopathy.27

Risk Factors

Identification of patients at risk for PPH improves diagnosis
and treatment of the condition. Several risk factors have
been discovered, including obesity, induction and augmen-
tation of labor, chorioamnionitis, magnesium sulfate use,
and previous PPH.?8-30 Other factors identified include
placental abnormalities such as accreta and previa, over-
distension of the uterus in macrosomia and polyhydram-
nios, grand multiparity, uterine structural abnormalities,
preexisting coagulopathic anemias, and Asian ethnic
descent.3132

Cesarean deliveries are at increased risk of PPH in the
presence of general anesthesia, amnionitis, preeclampsia,
protracted second phase of labor, and increasing age. Prior
cesarean delivery also increases risk.2%-33

While the above-listed causes are seemingly disparate
and numerous, the general causes are nicely summarized by
the useful mnemonic the “Four Ts” that outlines common
causes of PPH:

 Tone: uterine atony, multiple pregnancy, prolonged third
stage of labor, general anesthesia.

* Trauma: lacerations of the uterus, cerviX, or vagina,
episiotomy.

* Tissue: retained placenta, placenta accreta.

« Thrombin: preexisting or acquired (DIC) coagulopathy.!

Treatment Options

Several therapies exist for the treatment of PPH. The least
invasive therapies are attempted initially, followed by more
invasive maneuvers and procedures if hemorrhage persists.
Treatment centers on resuscitation of the patient and stop-
ping the source of bleeding.3*
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Active management of the third stage of labor is standard
practice in obstetrics, and consists of uterotonic administra-
tion such as oxytocin upon delivery of the baby, early cord
clamping and cutting, and gentle cord traction with uterine
counter traction.” This has been shown to reduce the inci-
dence of PPH by 60 to 70%.2® The antifibrinolytic tranexamic
acid has shown mortality benefit when given within the first
3 hours after hemorrhage.>® Recombinant factor Vila may be
beneficial, though thrombotic complications must be
weighed and routine use is not recommended.3"3” Addi-
tional conservative therapies include uterine massage, vagi-
nal packing, uterine balloon tamponade (Bakri balloon), and
repair of lower genital tract lacerations.>* Balloon tampo-
nade has shown clinical success rates ranging from 75 to
86%.38-40 After integration of balloon tamponade into the
PPH treatment algorithm, Laas et al noted decrease in
embolization rates from 8.2 to 2.3%.38

When conservative measures fail, uterine-sparing surgi-
calintervention and PAE are the next line of therapy. Surgical
options include stepwise uterine devascularization and uter-
ine compression sutures; however, arterial ligation has a
historically high rate of failure due to the rich collateral
vasculature of the female pelvis.**2 More recent data cite
clinical success rates of uterine-sparing surgery ranging from
71 to 75%.3%4344 A meta-analysis by Doumouchtsis showed
surgical options were not more effective than PAE.*> Surgical
options also carry the additional risks of bleeding, infection,
and ureteral damage.*®

Pelvic Artery Embolization

Patient Selection

PAE is a safe and effective treatment for PPH and is now the
first-line therapy for medically refractory PPH.#’~! PAE is
indicated for women with PPH who have failed conservative
management for any cause of primary or secondary PPH
(=Fig. 1). A recent review found no difference in PAE effec-
tiveness in vaginal deliveries or cesarean deliveries.*® Nota-
bly, PAE is also an effective therapy in patients with
persistent PPH even after arterial ligation or hysterectomy.
Procedural success is not related to the cause of PPH, trans-
fusion requirements, or time from delivery to emboliza-
tion.'>47°0-33 [t is our observation from years of practice
at a variety of hospitals that PAE remains an underutilized
method of control of PPH.

Normal Anatomy

The internal iliac artery typically bifurcates and gives rise to
anterior and posterior trunks. The anterior trunk gives rise to
visceral branches, including the uterine artery. The uterine
artery usually arises from the medial aspect of the anterior
trunk. Also arising from the anterior trunk are the superior
vesical, middle rectal, inferior rectal, and vaginal arteries.
The uterine artery gives rise to arcuate arteries, which extend
into the myometrium. The arcuate arteries supply radial
arteries that project toward the uterine cavity. The spiral
arteries arise from the radial arteries, and project into the
endometrium.?* Anatomic variants of the uterine artery
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Fig. 1 Medically refractory postpartum hemorrhage from uterine atony in a 16-year-old hemodynamically unstable female who presented by
ambulance with estimated 2,350 mL blood loss after dilation and evacuation abortion at 22.5 weeks. The patient was refractory to multiple
medical therapies as well as Bakri balloon tamponade and vaginal packing. She was brought emergently to IR, where angiography and selective
bilateral uterine artery embolization were performed. Clinical success was attained, and the patient had an uneventful postprocedural course.
(a) Selective right uterine artery (arrow) angiography before embolization. Contrast extravasation was not appreciated; such lack of

extravasation is commonly the case. (b) Right uterine artery angiography after embolization with gelatin sponge pledgets to stasis (arrow).

origin are common. A rich collateral supply exists in the
female pelvis. Anastomoses are routinely noted between the
right and left internal iliac arteries, and between the internal
iliacand inferior mesenteric arteries, lumbar, iliolumbar, and
sacral arteries.?*

The venous plexus runs parallel to the arterial tree, and
opacifies late. This should not be misidentified as contrast
extravasation.?*

Variant Anatomy
Anatomic variations are often discovered in cases of PAE
failure.”* The uterine artery may originate from the anterior
or lateral aspects of the internal iliac artery, from the main
internal iliac artery, or directly from the aorta.>> A common
trunk may exist, supplying the uterine and vesical arteries;
recognition of this variant is essential to prevent nontarget
embolization of the bladder.”®

The ovarian artery may also supply the uterus. While not
routinely embolized, interrogation of the ovarian artery is
crucial in cases of refractory or recurrent PPH.>’”>8 The uterus
may also be supplied by the round ligament artery.>®? The
round ligament artery commonly arises from the inferior
epigastric artery or directly from the external iliac artery,
and represents a collateral pathway between the external
iliac and internal iliac circulation.”®->%-6!

Procedural Technique

There are many equally effective ways to perform uterine
artery embolization; our preferred method follows. Right
common femoral artery access is obtained and a vascular
sheath is placed. A SOS Omni catheter (AngioDynamics,
Latham, NY) is used to cross the aortic bifurcation. A Glidecath

catheter (Terumo, Tokyo, Japan) is advanced over the aortic
bifurcation and a Waltman loop®? is formed. The Glidecath is
directed into the anterior division of the internal iliac artery.
Angiography is performed to confirm catheter position, and
identify the origin of the uterine artery. A microcatheter
(Maestro; Merit Medical, South Jordan, UT; or Renegade Hi
Flo; Boston Scientific, Marlborough, MA) and microwire (Head-
liner 90; Terumo) are used to select the uterine artery. Embo-
lization is performed with gelatin sponge pledgets (Gelfoam;
Pharmacia & Upjohn, Kalamazoo, MI) and/or Embospheres
(500-700 or 700-900 pm; Merit Medical). The microcatheter
is removed, and the base catheter is redirected into the con-
tralateral internal iliac artery. Embolization of the contralateral
uterine and internal iliac is performed. Postembolization pelvic
angiography is performed to confirm adequacy of embolization
and to identify collateral or accessory vasculature.

Selective uterine artery embolization is strongly preferred
as efficacy of hemostasis is markedly improved, but in cases
of severe vasoconstriction, embolization of the anterior
division of the internal iliac artery may be considered.*®
Cervical and vaginal branches should be interrogated in
the case of genital tract laceration.*®>%63 Jatrogenic pseu-
doaneurysm should be suspected in patients with secondary
PPH after cesarean delivery (~Fig. 2).'° Persistent bleeding
after embolization of the uterine arteries warrants investi-
gation of the ovarian and round ligament arteries.®’

Procedural Advantages and Disadvantages

PAE is a minimally invasive procedure that can be performed
under moderate sedation. Advantages of PAE include shorter
hospital stay, preservation of fertility, and avoidance of surgi-
calrisks.*#>% Menstruation is not affected by PAE.* The overall
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Fig. 2 Infected uterine artery pseudoaneurysm causing secondary postpartum hemorrhage in a 32-year-old woman who underwent cesarean
delivery. Primary postpartum hemorrhage attributed to uterine atony was treated conservatively with medications and transfusion. The patient
presented to the emergency department 10 days after delivery with fevers, leukocytosis, and hematuria. (a) Transvaginal ultrasound
demonstrated a uterine artery pseudoaneurysm (arrow). (b) CTA confirms left uterine artery pseudoaneurysm (arrow). (c) Selective left uterine
artery angiography immediately prior to embolization shows large pseudoaneurysm (arrow) arising from the mid to distal left uterine artery. (d)
Leftinternaliliac arteriography after embolization with gelatin sponge pledgets to stasis. There is no residual filling of the pseudoaneurysm. The
procedure was clinically successful, and the patient recovered after a course of antibiotics.

complication rate of PAE is low, ranging from 6 to 9% in the
hands of an experienced interventional radiologist.'-6>-6%
Risks and disadvantages of PAE exist. Patients are usually
transported to the interventional radiology suite, limiting
treatment of unstable patients who are unable to travel.
Embolization ostensibly carries risks such as necrosis of the
bladder, uterus, and rectum; transient neurologic sequelae
such as paresthesia have been described.*%->%>%67 Virtually
all are related to operator inexperience or nonselective
internal iliac artery embolization rather than superselective
uterine artery treatment. The risk of uterine necrosis is
greater with small particles, as was described when the

Seminars in Interventional Radiology Vol. 35 No. 1/2018

uterus was embolized with gelatin sponge and 150 to 250
um polyvinyl alcohol (PVA) particles.%®

Embolic Materials

Gelatin sponge is the most common embolic material used in
the treatment of PPH, and is commonly used to embolize
both uterine arteries or both internal iliac arteries.48->0-69
Gelatin sponge can be cut into pledgets or torpedoes.*8:6°
However, it should be noted that gelatin sponge relies on the
clotting cascade, and is functionally impaired in the setting of
DIC.”° Gelatin sponge temporarily occludes the target vessel,
which recanalizes in approximately 3 to 6 weeks.?>
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Calibrated microspheres and PVA are commonly used in
conjunction with gelatin sponge. Microspheres leave the
capillary bed intact, and there is limited potential for reca-
nalization.?® To avoid uterine necrosis, 500 to 900 pm
particles are preferred; necrosis has been described with
both absorbable and nonabsorbable embolics.%%71-72

N-butyl cyanoacrylate has been rarely used for PAE and is
said to be useful in cases where total vessel occlusion is
necessary, such as recurrent PPH after PAE or pseudoaneur-
ysm.”%73 Pregnancy and birth has been demonstrated after
NBCA embolization of the uterine arteries.”* Onyx (ev3,
Irvine, CA) has also been successfully used for PPH refractory
to gelatin sponge embolization.”> Metallic coils are useful in
treating pseudoaneurysms.19

Outcomes

Clinical success is defined as control of bleeding without the
need for additional procedures.'® A recent meta-analysis by
Sathe et al demonstrated clinical success rates of PAE ranging
from 58 to 98% with median success rate of 89%.”® Reembo-
lization after failed PAE has also been described with similar
success.”*’’

Predictors of Failure

Several factors have been identified in patients who have
failed PAE. DIC has been singled out as the most important
predictor of failure.*®>%>477 patients with variant anatomy
and prominent collateral supply such as ovarian and round
ligament arteries are more likely to experience persistent
hemorrhage after bilateral uterine artery embolization, as
are those patients with retained placenta and advanced
maternal age.>%6178

Future Fertility

A major advantage of PAE is that it spares the uterus, allowing
for future pregnancy if desired. Pregnancy rates following
uterine artery embolization are comparable to age-adjusted
rates in the general population.”® Pregnancy and childbirth
remains possible even in the face of multiple procedures.
Sentilhes et al described a case of a woman who had
successful pregnancy and childbirth after four different
uterine-sparing procedures including PAE.2® Recent studies
suggest a small but increased incidence of placental dis-
orders and recurrent PPH after PAE.80-83 Spontaneous abor-
tion rate was also found to be higher in patients treated with
PAE for PPH in one study.®* None of these retrospective
studies have been validated by prospective data; it is our
opinion that PAE for PPH produces little or no effect on future
fertility.

Prophylactic PAE for Abnormally Invasive Placenta

Abnormally invasive placenta is a spectrum including pla-
centa accreta, increta, and percreta, and is a key risk factor for
the development of PPH.®> Improvements in prenatal ultra-
sound diagnosis of AIP has made it possible to perform PAE
immediately after scheduled cesarean section, thereby
avoiding PPH-related complications.®® Several different
approaches have been suggested for prophylactic interven-
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tion to prevent AlP-related PPH. These include balloon occlu-
sion of the internal iliac arteries, combined balloon occlusion
and embolization, prophylactic catheter placement for later
embolization if necessary, embolization followed by hyster-
ectomy, and embolization immediately prior to scheduled
cesarean delivery.23'85‘90 No single prophylactic method has
been shown to be clearly superior to date.

Conclusion

PPH is prevalent and is a frequent cause of morbidity and
mortality in new mothers. PAE is a safe and effective mini-
mally invasive treatment for PPH when conservative mea-
sures fail and should be an integral part of the modern care of
the obstetric patient.
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