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Abstract 

Postpartum haemorrhage (PPH) is a significant cause of maternal mortality globally, necessitating prompt and effi‑
cient management. This review provides a comprehensive exploration of endovascular treatment dimensions 
for both primary and secondary PPH, with a focus on uterine atony, trauma, placenta accreta spectrum (PAS), 
and retained products of conception (RPOC). Primary PPH, occurring within 24 h, often results from uterine atony 
in 70% of causes, but also from trauma, or PAS. Uterine atony involves inadequate myometrial contraction, addressed 
through uterine massage, oxytocin, and, if needed, mechanical modalities like balloon tamponade. Trauma‑related 
PPH may stem from perineal injuries or pseudoaneurysm rupture, while PAS involves abnormal placental adherence. 
PAS demands early detection due to associated life‑threatening bleeding during delivery. Secondary PPH, occurring 
within 24 h to 6 weeks postpartum, frequently arises from RPOC. Medical management may include uterine contrac‑
tion drugs and hemostatic agents, but invasive procedures like dilation and curettage (D&C) or hysteroscopic resec‑
tion may be required.

Imaging assessments, particularly through ultrasound (US), play a crucial role in the diagnosis and treatment planning 
of postpartum haemorrhage (PPH), except for uterine atony, where imaging techniques prove to be of limited utility 
in its management. Computed tomography play an important role in evaluation of trauma related PPH cases and MRI 
is essential in diagnosing and treatment planning of PAS and RPOC.

Uterine artery embolization (UAE) has become a standard intervention for refractory PPH, offering a rapid, effective, 
and safe alternative to surgery with a success rate exceeding 85% (Rand T. et al. CVIR Endovasc 3:1‑12, 2020). The tech‑
nical approach involves non‑selective uterine artery embolization with resorbable gelatine sponge (GS) in semi‑liquid 
or torpedo presentation as the most extended embolic or calibrated microspheres. Selective embolization is war‑
ranted in cases with identifiable bleeding points or RPOC with AVM‑like angiographic patterns and liquid embolics 
could be a good option in this scenario. UAE in PAS requires a tailored approach, considering the degree of placental 
invasion. A thorough understanding of female pelvis vascular anatomy and collateral pathways is essential for accu‑
rate and safe UAE.

In conclusion, integrating interventional radiology techniques into clinical guidelines for primary and secondary PPH 
management and co‑working during labour is crucial.
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Graphical Abstract

Primary and Secondary Postpartum Haemorrhage: A Review for a Rationale Endovascular Approach

It is imperative to ensure a timely and accurate clinical and image-based diagnosis of PPH
within an interdisciplinary approach that allows a proactive application of available IR
techniques from the outset along with the determination of the optimal action protocol.

UAE is a rapid, effective, and safe technique
in the management of primary and secondary
PPH.

Background
Postpartum haemorrhage (PPH) is defined as blood 
loss of over 500 ml following a vaginal delivery or over 
1000 ml after a cesarean section delivery [1]. PPH rep-
resents 8% of maternal deaths in developed regions and 
20% of maternal deaths in developing regions [1, 2]. The 
assessment of PPH risk factors (summarized in Fig. 1) 
can prove beneficial in preparing for delivery [1, 3].

In the face of PPH, an immediate and sequential inter-
vention is paramount, with the initial approach centred 
on maintaining and/or restoring the haemodynamic 
stability of the patient. An obstacle in efficient manage-
ment of PPH is its frequent late detection, but even more 
crucial is the decision-making to recognize the condi-
tion and implement corrective measures [1, 4]. The initial 
approach to PPH involves fluid resuscitation, rectifying 
any coagulation disorders, eliminating any remaining 
placental tissue and the use of uterotonics [1–5]. Balloon 
tamponade (i.e. Bakri® balloon) is the secondary treat-
ment for PPH when initial treatments are ineffective. This 
strategy effectively halts bleeding in 85% of cases [3, 6].

This review aims to offer a comprehensive exploration 
of the assessment, planning, and technical dimensions 
involved in endovascular treatment for both primary and 
secondary PPH with emphasis on adopting a thoughtful 

approach to UA, trauma, placenta accreta spectrum, and 
retained products of conception. The specific objectives 
encompass a detailed review of female pelvis vascular 
anatomy, identification of the most appropriate embolic 
agent, accompanied by a well-justified rationale for its 
application, and a thorough examination of pre-proce-
dural imaging planning.

Primary and secondary postpartum hemorraghe
Primary PPH refers to PPH occurring within the initial 
24  h. Secondary PPH is defined as significant vaginal 
bleeding that occurs between 24  h following placental 
delivery and throughout the subsequent 6  weeks [1, 4]. 
The main causes for both primary and secondary PPH 
are summarized in Table 1 [1, 5].

Primary postpartum haemorrage
Uterus atony
Uterus Atony (UA) refers to the insufficient contraction 
of the myometrial cells in the corpus uteri in response 
to the release of endogenous oxytocin. If the uterus does 
not contract adequately, spiral arteries might keep bleed-
ing, leading to PPH.

The bimanual uterine massage assumes a pivotal role 
as the primary measure to induce uterine contractions 
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by instigating the release of endogenous prostaglandins. 
Concurrently, oxytocin, administered intravenously or 
intramuscularly, emerges as the principal therapeutic 
intervention for the management of PPH attributed to 

UA. In instances where pharmacotherapy proves inad-
equate, supplementary agents like methylergonovine 
maleate and intramuscular prostaglandins such as car-
boprost tromethamine can be deployed. In the event of 

Fig. 1 Resume of predictive risk factors associated to PPH

Table 1 The four T mnemonic. Causes, incidences and factors associated with PPH

CAUSES RELATED FACTORS

UTERINE ATONY (TONE, 70% incidence) Uterine overdistension Multiple gestation
Hydramnios
Macrosomic fetus

Chorioamnionitis Prolonged rupture of membranes
Fever

Muscle exhaustion Prolonged and/or rapid labour
High multiparity

TISSUE RETENTION (TISSUE, 10% incidence) Placenta Placenta accreta
Previous uterine surgery

Clots
BIRTH CANAL INJURY (TRAUMA, 20% incidence) Tears in the birth canal Instrumental delivery

Precipitous second stage

Uterine rupture or dehiscence Previous uterine surgery (cesarean section)
Instrumental delivery
Dystocia
Hyperactivity
External cephalic version

Uterine inversion Manual removal of the placenta
Placenta accreta
Credé maneuver

COAGULATION DISORDERS (THROMBIN, 1% incidence) Acquired Preeclampsia
HELLP syndrome
Disseminated intravascular coagulation (DIC)
Amniotic fluid embolism
Sepsis
Placental abruption

Congenital Von Willebrand disease
Hemophilia type A
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pharmacotherapeutic limitations, the implementation of 
mechanical modalities becomes imperative. Balloon tam-
ponade, as exemplified by the Bakri balloon, stands as a 
noteworthy technique in this regard [1].

Trauma
More than 85% of women who undergo vaginal deliv-
ery are highly likely to encounter some degree of per-
ineal trauma, with up to 70% of these cases necessitating 
sutures for proper repair [7]. The most severe lesions typ-
ically result from the use of instruments. Large cervical 
tears (> 2 cm) or those accompanied by significant bleed-
ing should be promptly addressed [7], as they progress, 
these hematomas may extend into the preperitoneal, 
prevesical, and perivesical spaces (Fig. 2A).

The rupture of a pseudoaneurysm in the uterine or vag-
inal artery is a rare cause of PPH (Fig. 2B, C), occurring 
in approximately 3% of cases, with most cases being asso-
ciated to cesarean deliveries [8].

The rectus sheath is a common site for extrauterine 
PPH as a result from damage to the deep inferior epigas-
tric arteries in cesarean (Fig. 2D) delivery but also due to 
disseminated intravascular coagulation (DIC) or inad-
equate hemostasis [9].

Placenta accreta spectrum
The Placenta Accreta Spectrum (PAS) refers to a con-
dition in which placental tissue abnormally adheres or 
invades various layers of the uterus onto the myome-
trium (placenta accreta, FIGO grade 1), infiltration into 
the myometrium (placenta increta, FIGO grade 2), or 
even penetration through the myometrium to surround-
ing organs (placenta percreta, FIGO grade 3) [10, 11]. 
The incidence of PAS run in parallel with the escalating 
rate of cesarean section procedures, and present inci-
dence is one in every 500 births [10, 11]. PAS represents 
one of the gravest complications during pregnancy, turn-
ing the pelvis into a highly vascular state and in risk of 

Fig. 2 A 36‑year‑old postpartum patient with hemodynamic instability and a sudden drop in hematocrit in the immediate postpartum period 
following an instrumental delivery with spatulas, despite the absence of significant vaginal bleeding. Angio‑CT with arterial and delayed contrast 
phase was performed, revealing active extrauterine bleeding at the cervicovaginal level (arrow) with the formation of hematomas in the perivesical 
(open arrow) and prevesical (hollow star) spaces. B Selective catheterization and angiography in uterine pseudoaneurism rupture after cesarean 
delivery with active bleeding (arrow). C Selective catheterization and angiography in cervical pseudoaneurism rupture after cesarean delivery 
with active bleeding (arrow) after forceps‑assisted instrumental delivery. D 32‑year‑old patient in immediate postpartum period after cesarean 
delivery. A significant increase in abdominal circumference is observed, along with a decrease in hematocrit and signs of hemodynamic instability. 
Hematoma of the rectus sheath with signs of active bleeding (arrow) was observed in angioCT
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life-threatening bleeding throughout the pregnancy, 
but it reaches a critical level during delivery. This risk 
of bleeding increases as the degree of placental inva-
sion rises [11]. In this sense, Cali et  al. [12] highlighted 
the depth of placental invasion as a pivotal outcome fac-
tor, where less invasive PAS exhibited reduced bleeding. 
Nevertheless, to this day, up to 50% of PAS cases remain 
undiagnosed until delivery [10]. Women with risk factors 
for PAS, such as a history of placenta previa or cesarean 
section, should have their ongoing pregnancies evaluated 
and monitored at centres with expertise in this condition 
[10, 11].

The primary treatment for PAS involves a cesar-
ean hysterectomy, with the placenta left in place after 
the delivery. This treatment often leads to complica-
tions, such as prolonged surgical procedures, lower 
urinary tract injuries and intensive care unit admis-
sions [11]. Up to 95% of women affected by placenta 
accreta require blood transfusions, with approximately 
one-third of these involving 10 or more units of red 
blood cells within 24 h (massive transfusions) [11, 13]. 
A team-based, patient-centric, and evidence-based 
approach is essential from diagnosis through to com-
plete recovery [13].

Secondary postpartum haemorrage
Retained products of conception
Retained Products of Conception (RPOC) refers to 
fetal or placental tissues that remain within the uter-
ine cavity after delivery or termination of pregnancy. 
RPOC may lead to the persistence and even expansion 
of physiological maternal arteriovenous shunting in the 
placental giving a marked vascularity or even an arteri-
ovenous malformation (AVM) behaviour [14–16]. This 
hypervascular nature of the lesion underlies to being 
one of the leading causes of secondary PPH [1].

Medical management of RPOC, including uterine 
contraction drugs (oxytocin, misoprostol or methyler-
gometrine) and hemostatic agent (carbazo-chrome and 
tranexamic acid) is not always effective. Invasive thera-
pies involve the removal of the retained tissue through 
dilation and curettage (D&C) or hysteroscopic resec-
tion [15, 17–19]. A precise imaging-based diagnostic 
approach and a tailored and multidisciplinary approach 
will aid in identifying patients for whom expectant 
management is appropriate and those requiring a more 
aggressive intervention [15, 18, 19].

Imaging assesment in pph
Uterus atony
Uterine atony is a clinical condition whose diagnosis 
is not primarily established through imaging: US or 

Doppler US plays a limited role in the context of acute 
PPH resulting from UA, and likewise, CT scanning is 
not the recommended initial diagnostic approach. 
Recurrent bleeding following primary PPH endovas-
cular treatment occurs in 5–10% of patients due to 
arterial spasms, or collateral vessels [20]. In this sense, 
angio-CT may prove beneficial to stablish the exact 
bleeding site.

Trauma
US can identify pelvic extraperitoneal hematomas, nev-
ertheless, angio-CT is the preferred method for deter-
mining the cause and location of the active bleeding, 
observed as the extravasation of intravenous contrast 
material (Fig.  2A) [9]. In our institution, we conduct a 
standardized two-phase contrast-enhanced CT scan, 
consisting of an arterial phase and a delayed phase, to 
assess intra-abdominal bleeding, including trauma-
related PPH. CT scan is performed using 100  mL of 
contrast media at a flow rate of 4 mL/s. Arterial phase is 
carried out using bolus tracking technique with region 
of interest (ROI) positioned at the L2 level, and a 15-s 
acquisition delay. The delayed phase scanning is consist-
ently performed with a fixed delay of 60 s.

Placenta accreta spectrum
Accurate prenatal diagnosis of the degree of placental 
invasion are crucial for determining the most appropriate 
tailored procedure to each case and have demonstrated 
to improve outcomes in terms of maternal morbidity and 
mortality [11].

Obstetric US and Doppler US are the cornerstones of 
prenatal diagnosis for PAS, as well as for determining the 
extent of the lesion (Fig. 3), with sensitivity and specific-
ity of 80 and 90% [11, 21]. Although MRI has not shown 
superiority to US in the diagnosis of PAS, patients should 
undergo MRI following US for staging and surgical 
planning [13]. This approach is particularly valuable in 
instances of posterior PAS or suspected bladder invasion 
[11, 22]. It is important to note, however, that both US 
and MRI studies in PAS are subject to variability in sen-
sitivity and specificity, contingent upon working group’s 
experience in this condition [10, 11]. Suboptimal imag-
ing assessment, both in US and MRI, diagnosis may, in 
part, stem from terminology discrepancies to the same 
observed abnormality. PAS can be identified in US and 
MRI as summarized in Table 2 [21, 22].

Retained products of conception
Under US, RPOC will be identified as an endocavi-
tary solid lesion, discreetly hyperechogenic (Fig.  4). In 
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Fig. 3 US and Doppler US study in PAS reveals the presence of abnormal placental lacunae, interruption of the bladder wall, myometrial thinning, 
and uterovesical hypervascularity

Table 2 Standardized terms for US and MRI in PAS imaging assessment

US AND DOPPLER US MRI

Loss of the ’clear zone’ (absence or irregularity of the hypoechoic plane 
in the myometrium beneath the placental bed)

Heterogeneous Placenta

Abnormal placental lacunae Placental Bulge

Bladder wall interruption Dark Intraplacental Bands (hypointensity with a linear appearance, visible 
on T2W images)

Myometrial thinning (< 1 mm) Placental Ischemic Infarction (areas of increased signal intensity on T2W 
images and decreased signal intensity on T1W images)

Placental bulge (deviation of the uterine serosa) Loss of Retroplacental Dark Zone

Focal exophytic mass Myometrial Thinning (< 1 mm observed on T2W images)

Uterovesical hypervascularity Bladder Wall Interruption

Subplacental hypervascularity Focal Exophytic Mass

Bridging vessels (traversing the myometrium and extending 
beyond the serosa)

Abnormal Vascularization of the Placental Bed

Placental lacunae feeder vessels

Intraplacental hypervascularity

Fig. 4 Transvaginal Doppler US of RPOC observed as a heterogeneous endocavitary mass (open arrows in A) with marked vascularity 
on Doppler‑US (image B)
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Doppler-US, RPOC will exhibit marked hypervasculari-
zation and a high-flow, low-resistance waveform pattern 
behavior akin to that of an AVM [15, 23]. The presence 
of this highly vascular uterine lesion displaying AVM-like 
imaging behavior in the context of a woman presenting 
with secondary PPH should raise suspicion of RPOC as 
the primary diagnostic consideration since congenital 
uterine vascular malformations represent an exception-
ally rare entity [15, 16, 18]. Being the thin endometrial 
stripe the most practically useful data in symptomatic 
patients, US criteria for embolization Vs. conservative 
treatment in RPOC is summarized in Table 3 [23, 24].

Both CT and MRI are recommended techniques for 
the diagnostic assessment of patients with second-
ary PPH and when the presence of RPOC is suspected 
through US but MRI is likely the technique of choice, not 
only for establishing the final diagnosis of RPOC but also 
for assessing other less common primary uterine causes 
of secondary PPH [15]. Under contrast-enhanced MRI, 
RPOC will be identified as a rounded mass with areas 

of signal void corresponding to high-flow vasculariza-
tion (Fig. 5). The early arterial phase study will reveal sig-
nificant signal hyperintensity with marked enhancement 
associated with early venous drainage [18].

Current role and principles for uterine artery embolization 
in PPH
Traditionally, PPH refractory to conservative treatment 
has required urgent surgical intervention, with a high 
rate of complications and a 4% mortality rate [1]. Pres-
ently, uterine artery embolization (UAE) has significantly 
reduced mortality and complications, resulting in a grad-
ual decrease in the postpartum hysterectomy rate, from 
1/1,000 to 1/2,000 over the past 20 years [3, 20].

UAE is a safer and effective alternative compared to 
conventional surgical approach for both Primary and 
Secondary PPH with a clinical success rate from 79 to 
100% [20] but also considered as a standard approach 
for refractory PPH [3, 20]. This requires the availability 
of skilled interventional radiologists, adequate imag-
ing facilities, and a collaborative interdisciplinary team 
[3, 20]. UAE has demonstrated its safety in PPH, with 
complications rates from 4 to 18% [20]. In skilled hands, 
incidents of non-target embolization are infrequent, and 
instances of uterine necrosis are due to excessive over-
embolization, the use of inadequately small particles, 
presence of arterio-venous shunts or the disruption of 
collateral blood supply due to prior ligations [20].

Predictive factors associated with an unsuccess-
ful UAE in PPH encompass DIC, blood transfusion 
of 5—10 units, blood loss > 1.5L, pronounced arterial 

Table 3 US criteria suggested for conservative Vs. embolization 
treatment in RPOC

CONSERVATIVE MANAGEMENT EMBOLIZATION

Endometrial Thickness < 10 mm Endometrial Thickness > 10 mm

Lack of Hipervascular Lesion Increased Myometrial Vascularity

Absence of Endometrial Vascularity Vascularized Endometrium

Resistance Indices < 0.48

Peak Systolic Velocities > 0.82 m/s

Fig. 5 RPOC in a 38‑year‑old woman with mild secondary PPH (40 days after delivery), characterized as a heterogeneously intense rounded mass, 
was noted, manifesting a hyperintense signal in T2‑weighted imaging and a corresponding hypointense signal in T1‑weighted imaging (open 
arrows in A and B, respectively). Furthermore, multiple regions exhibiting signal void indicative of high‑flow vascularization, were observed (arrows 
in A—B). Contrast‑enhanced imaging revealed pronounced arterial phase vascular recruitment and early enhancement (image C)
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vasoconstriction during embolization procedure and 
unilateral UAE [25].

According to Matsuzaki et  al. and Radan et  al., 
91–100% of women who undergo UAE for primary or 
secondary PPH, experience a return to regular men-
strual cycles without adverse effects on fertility and 
without causing harm to the endometrium [26, 27]. In 
most cases involving UAE for PPH, full-term pregnan-
cies occur spontaneously, however, first trimester mis-
carriage rates are increased [27]. Similar pregnancy 
rates of approximately 60% have been documented 
in both women treated with temporary or permanent 
embolic agents [27, 28]. Furthermore, no statistically 
significant association has been identified between the 
embolic agent used and the abortion rate [27, 28].

Indications, workflow and technical approach
The technical principles and workflow for UAE for PPH 
align with pelvic trauma scenarios; embolization should 
be rapid and efficient, aiming to prevent over-emboliza-
tion and non-targeted embolization. In this sense, con-
tinuous maternal monitoring, haemodynamic support, 
and a dedicated anaesthetic are mandatory for PPH end-
ovascular treatment procedure [1, 20].

Transfemoral approach (TFA) is the most employed in 
UAE [20], however the transradial approach (TRA) has 
been steadily gaining popularity. According to Himiniuc 
et  al. and Khayrutdinov et  al., TRA currently stands as 
a valuable technique when compared to TFA in UAE, 
due to its reduced risk of complications (3.7% for TFA 
Vs. 1.4% for TRA) [29, 30]. The average procedure time 
for UAE in PPH due to UA via TFA amounts to 90 min 
[31]. However, the use of the TRA in UAE yields similar 
effectiveness while reducing radiation exposure and pro-
cedure duration [30]. However, while TRA may be effec-
tive in elective situations, its utility might be less clear in 
emergency scenarios, particularly when peripheral issues 
and significant vascular spasm are present.

PPH embolization procedure involves initiating a pel-
vic angiogram followed by selective injections into the 
internal iliac artery to identifying the point of origin of 
the uterine artery. The uterine arteries can be easily cath-
eterized with a 4Fr or 5-Fr Cobra or Multipurpose shape 
catheter, 125  cm or 150  cm length when performing a 
TRA and 65–80 cm when using a TFA.

Angiographically, active arterial bleeding manifests as 
contrast extravasation or the presence of a pseudoaneu-
rysm. It is advisable to conduct a conclusive angiography 
with delayed acquisition images, enabling the identifi-
cation of bleeding through collateral vessels [31]. The 
knowledge of normal female pelvis vascularization and 
collateral pathways has a special relevance in the con-
text of recurrent PPH but also to prevent non-targeted 

embolization and to minimize the risk of vessel injury 
[20, 32]. The arterial vascularization of the female pelvis 
is illustrated in Figs. 6, 7 and 8.

Active bleeding in PPH is rarely seen [31]. When 
active bleeding site remains unidentified, empirical 
embolization procedure can be performed in PPH with 
a success rate over 95% by catheterizing and non-tar-
geted deployment of embolic agent performed directly 
through a 4-F/5-F diagnostic catheter from the mid-
terminal segment of the uterine artery. In this set-
ting, bilateral embolization is recommended [20, 31]. 
Moreover, some authors have reported satisfactory 
and faster outcomes through non-selective emboliza-
tion directly from the anterior division of the internal 
iliac artery [31, 33].

UAE in PPH is predominantly carried out employing 
non-permanent embolic materials such as resorbable 
gelatine sponge (GS) [20, 31]. GS expedite swift hemo-
stasis by inducing mechanical obstruction and promot-
ing thrombus formation within the vessel lumen which 
recanalizes in approximately 3 to 6  weeks [25]. The 
preparation of GS for embolization involved the creation 
of small torpedoes or a semi-liquid form from 1-2  mm 
pledgets (“slurry”). It is advisable to prepare this mate-
rial simultaneously with the overall setup of the angio or 
Hybrid operating room, as it is a procedure that may con-
sume valuable time. In this regard, having commercially 
prepared GS units pre-cut and pre-sized for delivery 
could streamline and expedite the procedure. The embo-
lization endpoint is the attainment of complete stasis, as 
evidenced by a stagnant arteriogram [31]. According to 
Zhang et al., the clinical success rate of GS for PPH is 79 
to 93.9%.

Calibrated microspheres have been used like perma-
nent embolic agents for empirical non-selective UAE 
[25]. To prevent migration and uterine necrosis, parti-
cles larger than 700 μm [20] are recommended. The use 
of absorbable gelatin particles could provide an inter-
mediate solution, acting as a temporary solution but 
also independent of the patient’s clotting status in the 
context of PPH [34]. Coils or vascular plugs will be used 
for the embolization of collaterals to prevent unintended 
embolization.

Superselective embolization is performed when 
an identifiable bleeding point is observed, using GS 
pledgets, coils, or liquid embolic agents (ethylene–
vinyl alcohol copolymer, EVOH, or N-butyl-2-cy-
anoacrylate, NBCA) [20, 31]. These liquid embolics 
have proven to be valuable in haemorrhage and AVMs 
superselective embolization procedures [35] and may 
be employed in cases of selective embolization in PPH. 
Superselective coaxial catheterization will be then 
required, avoiding vascular spasm, using 2.0-F or 2.4F 
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microcatheters compatible with the embolic agent 
[8, 20, 31]. EVOH and NBCA are also useful in PPH 
cases where total quick vessel embolization is neces-
sary [25] but also in cases when concerns arise about 
potential embolic agent migration [20, 36, 37]. Particu-
larly in severe PPH, where consumptive coagulopathy 
can occur, these embolic agents become noteworthy to 
consider [5, 28].

Uterus atony
UAE has emerged as the preferred treatment for PPH 
resulting from UA when conservative approach fails [3, 20]. 
UAE should be performed if the patient is haemodynami-
cally stable enough to be moved to the angio suite [20]. In 
this context, consideration could be given to the placement 
of intrauterine tamponade balloon as the threshold for ini-
tiating a call to the Interventional Radiology Team, avoid-
ing delays in the therapeutic algorithm [6].

In cases of PPH attributed to UA, the identification of 
active bleeding is detected only in 25 to 52% of cases, 
likely due to a diffuse, low-rate bleeding rather than a 
localized high-rate single-spot bleeding [31]. In cases 
of unidentified active bleeding, empirical embolization 
procedure can be performed as detailed above with GS 
(Fig.  9) and a success rate over 95% [31]. Microspheres 
over 700 µm can be also applied, however, PVA particles 
is not recommended in UA embolization, as they may 
cause uterine necrosis [31, 33]. In cases of active bleed-
ing, the primary source often originates from the distal 
branches of the uterine or vaginal arteries and should be 
treated under superselective embolization as previously 
described [31].

Trauma
The endovascular approach to uterine trauma lesions 
entails superselective catheterization of the bleeding 

Fig. 6 Schematic Drawing of anatomical variants at the origin of the uterine urtery, being the most common presentation its origin 
from the inferior gluteal artery or a common origin in the form of trifurcation along with the superior and inferior gluteal arteries. CIA: Common 
Iliac Artery, EIA: External Iliac Artery, IIA: Internal Iliac Artery, SGA: Superior Gluteal Artery, IGA: Inferior Gluteal Artery, UA: Uterine Artery, IPA: Internal 
Pudendal Artery
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site, as previously described, being effective as a treat-
ment for pseudoaneurysms in uterine, vaginal, or cer-
vical arteries, and according to Dohan et al., boasting 
a success rate exceeding 90% [8]. During angiography, 
a pseudoaneurysm appears as a localized accumula-
tion of iodinated contrast material connected to the 
parent artery lumen, typically through a narrow neck 
(Fig.  2B, C) and embolization should be performed 
even if active bleeding is not evident [20]. Conversely 
to general principle in PPH embolization, in trauma-
related cases or pseudoaneurysms, bilateral emboliza-
tion might not be required in certain patients [8]. In 
case of massive bleeding, where the patient’s coagula-
tion integrity may be compromised, the use of EVOH 
or NBCA proves to be particularly useful in preventing 
rebleeding [35].

Placenta accreta spectrum
The role of IR in the management of PAS has changed 
in the last decade [38–40], establishing itself today as a 
therapeutic approach that has demonstrated a signifi-
cant decrease in intrapartum bleeding as well as the need 
for transfusions and hysterectomies [41, 42]. Amongst 
patients with PAS, blood loss during deliveries lacking IR 
procedures ranges from 3000 to 5000 mL, with transfu-
sion required in up to 95% of cases. In deliveries assisted 

by IR techniques, the average blood loss varies from 586 
to 1500 mL [43].

The most widely used IR technique for the manage-
ment of PAS is the temporary occlusion of the internal 
iliac arteries (IIAs) through balloon inflation [44]. This 
procedure involves bilateral femoral artery approach and 
contralateral catheterization and placement of 6–7 mm 
balloon occlusion catheters, or Foley-type occlusion 
catheters, in the internal iliac artery or at its anterior 
bifurcation [44–46]. Then, the cesarean section is per-
formed, and the balloons are inflated for hemostasia if 
needed. However, due to the extensive vascular collat-
eralization and revascularization capacity of the pelvic 
territory [42] (Fig.  8) and according to the systematic 
review and meta-analysis by D ´Antonio et al. [39], this 
approach has achieved controversial clinical success 
rates between 50 and 80%, with complications rates up 
to 18% [39, 45], being the external iliac artery throm-
bosis the most serious complication as it necessitates 
urgent thrombectomy. Nevertheless, these results are 
influenced by heterogeneous sample results in terms of 
case numbers, degree of placental invasion, as well as 
varying inflation times [39, 44].

Pelvic hemostasis through aortic balloon inflation, 
including resuscitative endovascular balloon occlusion 
of the aorta (REBOA), are posited as an alternative to 

Fig. 7 Arterial vascular supply to the uterus with angio‑CT correlation
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iliac occlusion in the context of PAS, aimed at dimin-
ishing the likelihood of revascularization through this 
network of pelvic vascular collaterals [42, 47]. The 
REBOA device is typically introduced through TFA, 
using a 7-F femoral sheath, although low-profile newer 
devices now allow for utilization through 4-F sheath 
[42, 48]. The final balloon placement is controlled 
via fluoroscopy and the temporary occlusion of the 
abdominal aorta is achieved by positioning and inflat-
ing the balloon in the distal aorta, ideally between the 

aortic bifurcation and the inferior mesenteric artery 
(zone 3). Following the extraction of the fetus, balloon 
is inflated for hemostasis if needed [42]. According to 
the study by Ioffe et al., the application of the REBOA 
catheter in the distal zone 3 of the aorta during cesar-
ean hysterectomies for severe PAS disorders demon-
strates a significant decrease in transfusions of ≥ 4 units 
compared to the control group without REBOA [49]. 
REBOA in PAS is also associated with adverse events 
linked to ischemia–reperfusion injury, and vessel dam-
age [47]. According to Kluck et  al., in comparison to 
IIAs occlusion, distal aortic occlusion results in up to 
a 46% reduction in blood loss, a 41.5% decrease in the 
number of transfusions, and a fivefold reduction in hys-
terectomy rates [42]. However, in line with the work 
of Mei et  al., distal aortic occlusion, when compared 
to temporal iliac occlusion, does not appear to yield 
superior results in terms of blood loss associated with 
each technique in the context of PAS [50]. Given the 
novelty of this procedure in the obstetric population, 
there is limited literature on the use of this modality in 
cesarean hysterectomies performed for PAS disorders. 
However, based on the latest meta-analysis data, aor-
tic occlusion outcomes appear to surpass other haemo-
static management techniques in the context of PAS, 
including temporary iliac artery occlusion [51–54].

Nevertheless, given the lack of definitive control over 
hemostasis during childbirth using balloon-assisted arte-
rial occlusion (either iliac or aortic), and where complica-
tions are not uncommon, it is imperative to take a step 
forward through intraprocedural UAE in the setting of 
PAS [13, 39–41, 46]. Consideration should be given to 
contemplate a proactive rather than reactive approach to 
intra-procedural haemorrhage in PAS with UAE.

The UAE procedure in cases of PAS closely parallels 
embolization performed in instances of UA (Fig.  10). 
According to Berman et  al. [40], embolization in PAS 
after caesarean and prior to hysterectomy using 500-
700 µm PVA particles, and compared to iliac occlusion, 
would significantly reduce both blood loss (713  ml vs. 
2000  ml) and the need for blood transfusions (25% vs. 
65% of transfusion requirement). However, although 
prophylactic UAE, using both particles or GS, instead 
of balloon arterial occlusion, has shown a significant 
reduction in intra-procedural haemorrhage [13, 40], 
according to the study by Chodraui-Filho et  al. [43], 
simultaneous embolization alongside balloon-assisted 
arterial occlusion would not improve clinical outcomes 
compared to each procedure performed individually. 
However, it would be a point worth considering that the 
initial hemostatic control through the balloon occlusion 
would render the embolization procedure less stressful, 

Fig. 8 Collateral pathways to female pelvis vascular supply. 1) 
Superior mesenteric artery. 2) Riolan’s arch (or marginal artery). 
3) Ovarian artery. 4) Uterine artery. 5) Vaginal artery. 6) Inferior 
mesenteric artery. 7) Superior rectal artery. 8) Middle rectal artery. 9) 
Inferior rectal artery. 10) Femoral circumflex artery. 11) Inferior gluteal 
artery. 12) Superior gluteal artery. 13) Iliolumbar artery. 14) Deep 
circumflex iliac artery. 15) Lumbar artery. 16) Deep inferior epigastric 
artery. 17) Deep superior epigastric artery
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safer, and with reduced emergency requirements and, 
even, avoiding unnecessary hysterectomies [41, 46].

Finally, the advantages of an interdisciplinary proce-
dure in the management of PAS preferably, in a hybrid 
operating room, with the obstetrician performing the 
cesarean section first followed by prophylactic UAE, have 
been documented [13, 46]. This is an optimal environ-
ment with high-quality imaging, and time savings result-
ing from the elimination of patient transfer theatres.

Retained products of conception
Invasive approaches in RPOC may result in massive 
bleeding during the procedures resulting in uncontrol-
lable intraoperative bleeding. The endovascular man-
agement of PPH due to RPOC will be directed towards 
prophylactic embolization prior to the resection proce-
dure to prevent a massive bleeding event [14, 18, 19] fol-
lowing diagnostic criteria previously detailed.

The technical approach to RPOC embolization prior 
to invasive management will be guided by the angio-
graphic pattern [14, 16, 24] where RPOC have been 
described as: a) a sacular area with an angiographic 
pattern (AVM-like patter) highly reminiscent of a high-
flow vascular malformation with a marked arterio-
venous shunt [16, 24]; b) the presence of a diffuse area 
of contrast enhancement (blush) at the uterine level 
followed by an early venous return pattern, although 
without macroscopic evidence of direct venous drain-
age [14, 16]; c) uterine artery pseudoaneurysm [24]. 
Per Takaji et al., pelvic angiography revealed AVM-like 
patter or an aneurysm contiguous with dilated uterine 
arteries during the mid-arterial to capillary as the pre-
dominant angiographic observations [16]. Conversely, 
in the studies by Mathieu et  al. and Kimura et  al., the 
most prevalent RPOC finding in their respective series 
was identified as a ’blush’ area pattern [24, 55].

Fig. 9 PPH in a 34‑year‑old woman due to uterine atony. selective catheterization of both uterine arteries via a right femoral approach (image 
A and B) with non‑selective embolization using gelatin sponge (arrows in image B) demonstrating satisfactory outcomes in the follow‑up 
angiography (image D)
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The identification of an underlying lesion resembling 
an AVM will be achieved through superselective cathe-
terization, followed by targeted embolization as if it were 
a genuine AVM. Conversely, when the angiographic pat-
tern reveals a "blush" area, empirical non-selective embo-
lization becomes the preferred approach [14, 16, 24] 
(Fig. 11).

Traditionally, GS has been employed in both slurry 
and torpedo forms, for both selective and non-selective 
UAE in the management of RPOC, with minimal post-
UAE ischemic complications documented [16, 18, 20, 
24, 26, 28]. According to Mathieu et  al., this technique 
has reported clinical success rates of up to 100%, avoid-
ing the need for D&C in over 95% of cases [24]. Micro-
particles, ranging from 700–1,200  μm, have also been 
also employed in non-selective UAE in RPOC. How-
ever, according to Bazeries et  al., 25% of these patients 
required additional treatment suggesting that micropar-
ticles may be less effective than GS [14].

Selective embolization involves reaching the vascular 
nidus of the lesion or navigating as distally as possible 

under coaxial technique from the diagnostic catheter and 
the employment of a microcatheter as described above. 
EVOH and NBCA are well stablished embolic agents in 
the superselective approach of AVMs due to their abil-
ity to create a definitive cast that effectively infiltrates 
the nidus even in cases where direct access is challeng-
ing [56]. From that perspective, although they haven’t 
been widely employed, both materials are considered a 
valid, safe, and effective alternative in the management of 
RPOC with AVM-like behaviour [36, 37].

Conclusions
It is imperative to ensure a timely and accurate clinical 
and image-based diagnosis of PPH within an interdis-
ciplinary approach that allows for the swift application 
of IR techniques from the outset. The non-selective 
UAE with GS is a rapid, effective, and safe technique 
in the management of PPH from UA, PAS, and RPOC 
with an angiographic "blush" pattern. Selective embo-
lization will be performed when the bleeding point is 

Fig. 10 Uterine embolization in PAS procedure performed after cesarean histerectomy (image A‑C) in a 41‑year‑old woman. Non‑selective 
embolization was carried out using gelatine sponge as embolic agent. Vascular plug in UA is an easy and fast method for proximal embolization 
in colateral vessels (inferior glueteal artery, arrow in D) to prevent non‑targeted embolization in this stressing scenario
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identifiable or in RPOC with AVM-like angiographic 
pattern. It is necessary the conclusive incorporation 
of IR into clinical guidelines for PAS, along with the 
determination of the optimal action protocol across 
the diverse available techniques of temporary arterial 
occlusion, whether combined with UAE.
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