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Abstract
Objectives: To clarify characteristic angiographic features and clinical e�cacy of selective transarterial
embolization (TAE) of retained placenta with abnormal vaginal bleeding.

Methods: The study cohort comprised 22 patients (mean age, 33.5 years; range, 22–24 years) who
underwent selective TAE for retained placenta with abnormal bleeding between January 2018 and
December 2020 at our institution. Angiographic images were reviewed by two certi�ed radiologists with
consensus. Medical records were reviewed to evaluate the e�cacy of TAE. Angiographic features of
retained placenta, technical success (disappearance of abnormal �ndings on angiography),
complications, clinical outcomes (hemostatic effects and recurrent bleeding) were evaluated.

Results: Pelvic angiography showed a dilated vascular channel mimicking arteriovenous �stulas or an
aneurysm contiguous with dilated uterine arteries in the mid-arterial–capillary phase (tentatively named
“serpiginous blood sinus”) in 20 patients; it showed contrast brush in the remaining two patients. TAE
technical success was achieved in all patients. No major complications were observed in any patients.
Fifteen patients were followed up with expectant management after TAE; all but one patient showed no
re-bleeding during the follow-up period (mean follow-up interval, 3.4 months; range, 1–17 months). One
patient showed minor rebleeding, which resolved spontaneously. Seven patients underwent scheduled
hysteroscopic resection within 1 week after TAE, and no excessive bleeding was observed during or after
the surgical procedure in all seven patients.

Conclusions: The characteristic angiographic feature of retained placenta is “serpiginous blood sinus.”
TAE is a safe and effective treatment to manage retained placenta with abnormal bleeding.

Introduction
Retained placenta is a major cause of postpartum hemorrhage. Notably, retained placenta in the presence
of severe postpartum hemorrhage has a reported frequency of 31.2% among the patients with severe
postpartum hemorrhage, based a study in Norway [1]. Retained placenta can cause life-threatening
severe vaginal bleeding. Hence, diagnosis and appropriate management of retained placenta are
important.

Recently, transarterial embolization (TAE) has been established as a treatment option for uncontrollable
postpartum hemorrhage [2, 3]. Based on a case series study and corresponding literature review, Chauleur
et al. found that uterine artery embolization was safe and effective for postpartum hemorrhage caused
by placenta accreta [4]. To our knowledge, there have been only a few reports regarding the safety and
e�cacy of TAE for retained placenta with abnormal bleeding [5, 6]. Furthermore, characteristic
angiographic features of retained placenta have not yet been elucidated although successful
embolization requires recognition of the target lesion on angiography.
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The objectives of this study were to clarify characteristic angiographic features of retained placenta with
vaginal bleeding and to evaluate the e�cacy and safety of selective TAE for management of abnormal
vaginal bleeding caused by retained placenta.

Materials And Methods

Patient selection
This retrospective study was approved by the ethics committee of our institution, and the requirement for
informed consent was waived because of the retrospective nature of the study. The radiology databases
and electronic medical records of our institution were reviewed to identify patients with retained placenta
who had abnormal vaginal bleeding. Between January 2018 and December 2020, 22 consecutive
patients underwent selective TAE for retained placenta with abnormal vaginal bleeding. A diagnosis of
retained placenta was based on the patient’s medical history, clinical examinations, and transvaginal
ultrasonographic (TVUS) �ndings. Retained placenta tissue with marked vascularity was con�rmed by
TVUS in all patients. In addition, biphasic contrast-enhanced (CE) CT (21 patients) or dynamic CE MRI
(one patient) was performed to evaluate the location of the retained placenta and its potential feeding
arteries.

The characteristics of the 22 patients in this study are summarized in Table 1. The mean patient age was
33.5 years (range, 22–44 years). Of these 22 patients, 17 had a history of dilation and curettage (three
patients had spontaneous miscarriage and 14 patients underwent termination of pregnancy). Of the
remaining �ve patients, three underwent vaginal delivery and two underwent cesarean resection. The
mean gestational ages in the abortion and delivery groups were 9.3 weeks (range, 6–19 weeks) and 29.4
weeks (range, 16–41 weeks), respectively. Three of the 22 patients had severe vaginal bleeding, and 19
patients had continuous minor vaginal bleeding. The mean size of retained placenta on CE-CT or MRI
was 20.9 mm (range, 5–55 mm). The mean interval from abortion or delivery to TAE was 44.3 days
(range, 11–100 days).

Angiography and selective transarterial embolization
All TAE procedures were performed by experienced interventional radiologists with more than 10 years of
experience using digital subtraction angiography equipment (In�nix Celeve-I INFX8000C, Canon Medical
Systems). Bilateral internal iliac angiographies with anterior and anterior oblique projections were
performed using a 4-Fr or 5-Fr diagnostic catheter with injection of a nonionic iodinated contrast media
(iopamidol, Iopamiron 350; Bayer Health Care) at a �ow rate of 3–5 mL/sec (total volume, 9–15 mL)
through an automatic injector. Then, a 2.7-Fr microcatheter was introduced through the diagnostic
catheter into the ipsilateral uterine artery, and selective angiography of the uterine artery was
subsequently performed with manual injection of 2–4 mL of contrast media. A 1.6-Fr or 1.9-Fr
microcatheter was then advanced distally through the 2.7-Fr microcatheter to the target feeder when
uterine angiography showed abnormal �ndings indicative of retained placenta and/or possible source of
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bleeding. If uterine angiography did not show de�nitive �ndings of retained placenta, selective
catheterization and angiography of the contralateral uterine artery were performed. Furthermore, target
embolization was performed using gelatin sponge pieces or a mixture of n-butyl-cyanoacrylate (NBCA)
and lipiodol (ratio of 1:3–5) when the 1.6-Fr or 1.9-Fr microcatheter was able to reach the appropriate
feeders to the target lesion. If selective catheterization failed or numerous feeders originated from the
proximal portion of the uterine artery, non-target embolization was performed with gelatin sponge pieces
at the proximal site of the uterine artery. Embolic materials were selected by each operator in accordance
with microcatheter reachability and angiographic features including the size and numbers of feeding
arteries, as well as the size of the target lesion. After embolization, disappearance of the target lesion was
con�rmed by selective angiography of the bilateral uterine arteries and the bilateral internal iliac arteries.
When residual supply to the target lesion was observed on contralateral angiography, embolization from
the feeders of the contralateral uterine artery was performed by the same techniques. TAE technical
success was de�ned as disappearance of the target lesion during the �nal angiography examination.

Imaging interpretation
Two experienced radiologists reviewed all images obtained before TAE treatment in all 22 patients. They
evaluated whether the angiographic �ndings corresponded to retained placenta in each patient. Coronal
maximum intensity projection (MIP) images of CE-CT or MRI in the arterial phase were used as a
reference to identify retained placenta.

Therapeutic decision after TAE procedure
The need for each patient to undergo additional hysteroscopic resection after TAE was assessed by the
attending gynecologist. Although patients were scheduled for hysteroscopic resection after TAE during
the early portion of the study period, conservative management was preferred during the late portion of
the study period. Expectant management after TAE was performed in 15 patients (expectant
management group); hysteroscopic resection was performed within 1 week after the TAE procedure in the
remaining seven patients (surgical management group). Clinical success was de�ned as the absence of
re-bleeding requiring additional treatment in the expectant management group; it was de�ned as surgical
completion without excessive intraoperative bleeding (≥ 2000 mL) in the surgical management group.
Clinical success was investigated by reviewing medical and operative records. In the expectant
management group, vascularity of retained placenta on TVUS or CE-CT within 1 week and more than 1
month after the TAE procedure were also evaluated.

Results
The angiographic �ndings and results of selective TAE are summarized in Table 2.

Angiographic �ndings
Pelvic angiography (including internal iliac angiography and uterine angiography) showed a dilated
vascular channel contiguous with multiple feeders from dilated uterine arteries in the mid-arterial to
capillary phase, followed by drainage into the uterine veins in the capillary to venous phase in 20 patients
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Discussion
Thus far, few reports have mentioned angiographic features of retained placenta in affected patients [5–
7]. In those reports, angiographic features of retained placenta have included tortuous dilated uterine
artery �owing into a sac-like structure, intrauterine vascular lesion with or without arteriovenous (AV)
shunt, focal contrast blush, and pseudoaneurysm. In the present study, most patients (91%) showed a
characteristic �nding of “serpiginous blood sinus” in the mid-arterial to capillary phase. The blood sinus
drained into the uterine veins in the capillary to venous phase. The placenta consists of the chorionic and

(Fig. 1, 2). The angiographic feature of the vascular channel, tentatively named “serpiginous blood sinus,”
on anterior view was closely related to the target lesion (retained placenta) on coronal MIP images of CE-
CT or MRI in all 20 patients. In the remaining two patients, pelvic angiography showed contrast brush
corresponded to a retained placenta in the mid-arterial to capillary phase.

Results of selective TAE procedure
Regarding embolic materials, gelatin sponge (GS) pieces (1–2 mm) were used in 18 patients (Figs. 1),
NBCA-lipiodol mixture in three patients (Fig. 2), and both of these materials in one patient. Target
embolization was performed in 15 patients and non-target embolization was performed in the remaining
seven patients. Reasons for non-target embolization were failed super selective catheterization into target
feeders (n = 6) and large retained placenta with numerous feeders (n = 1).

Angiography after selective TAE showed disappearance of abnormal �ndings related to retained placenta
in all 22 patients; therefore, the rate of TAE technical success was 100%, regardless of embolic materials
or target/non-target embolization.

No major complications were observed. Three minor procedure-related complications were observed:
transient hypotension (n = 2) and gluing microcatheter in a feeder (n = 1). Transient hypotension resolved
with conservative management. In the patient with an NBCA-adhered microcatheter, the amputated
catheter tip remained in the left uterine artery.

Clinical outcome
The clinical success rates in the expectant management and surgical management groups were 100%
(15/15 patients) and 100% (7/7 patients), respectively. Table 3 shows the TAE clinical outcomes in the
expectant management group. A few days after TAE, vascularity of the retained placenta on TVUS or CE-
CT was markedly reduced (n = 8) or disappeared (n = 7). Follow-up TVUS and/or CE-CT at 1 month after
TAE showed no abnormal blood �ow in the uterus in all 15 patients. Complete hemostasis without
recurrent bleeding was achieved in 14 of these 15 patients. In one patient, minimal vaginal bleeding
occurred after TAE, but spontaneously disappeared within 1 month.

In the surgical management group, scheduled hysteroscopic resection of retained placenta was
performed within 1 week; no patients showed excessive bleeding during surgical procedures. All seven
patients showed no recurrent vaginal bleeding after surgery.
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basal plates, and the intervillous space lies between these two plates. The main stem villi, consisting of
chorionic veins and arteries, project into the intervillous space. Maternal endometrial arteries and veins
penetrate the basal plate; exchange between fetal and maternal circulatory systems occurs between the
main stem villi and the maternal endometrial vessels in the intervillous space [8–11] (Fig. 3). In addition,
uterine arteries and veins are presumed to exhibit arteriovenous anastomosis separate from this
intervillous short-circuit [12]. The retained placenta consists of intervillous space and decidua basalis. In
cases of retained placenta, various extents of remnant intervillous space and arteriovenous anastomosis
of endometrial arteries/veins could remain in the uterine cavity (Fig. 4). The angiographic �nding of
serpiginous blood sinus may correspond to remnant intervillous space. Furthermore, endometrial arteries
and veins connecting to the intervillous space may represent one or more low-�ow AV shunts mimicking
arteriovenous malformation (AVM)-like �ndings. Uterine AVM is rare, and it involves abnormal vascular
channels in the endometrium or myometrium with early venous �lling during the early arterial phase [13–
15]. Retained placenta can be incorrectly diagnosed as AVM. However, angiography in our study showed
venous drainage from the serpiginous blood sinus of retained placenta was evident in the capillary to
venous phase. This angiographic �nding of apparently delayed venous drainage may differentiate
retained placenta from uterine AVM.

Regarding TAE for the treatment of retained placenta with bleeding, only a few case series have been
reported. Bazeries et al. [5] reported that TAE technical and primary clinical successes, using mainly
microspheres (size: 700–1200 µm), were achieved in 90.3% (27/31) and 74.2% (23/31) of their patients.
Kimura et al. [7] reported higher rates of TAE technical and clinical success using GS (93%, 13/14; 100%,
14/14). NBCA embolization of retained placenta increta was described in a case report; complete
occlusion and cure was achieved with single embolization [16]. In our study, TAE for retained placenta
was performed using GS and/or NBCA, according to the operator’s preference, and favorable outcomes
were achieved.

Retained placenta can spontaneously resolve with conservative management. Hence, asymptomatic
patients with small and non-hypervascularized retained placenta may be candidates for conservative
management [17–19]. In this study, 15 patients underwent expectant management after TAE. Among
these 15 patients, eight showed markedly reduced residual vascularity of retained placenta. Images
collected at the 1-month follow-up showed vascular lesion disappearance in the uterus, and there were no
cases of recurrent bleeding that required any treatment. The safety of uterine artery embolization has
been indicated for resolution of post-partum hemorrhage [20]. Common adverse effects related to the TAE
procedure include high fever, acute pelvic in�ammation, and hip pain [21, 22]. However, excessive
embolization may cause serious complications, such as uterine necrosis and endometrial atrophy [23,
24]. As described previously, retained placenta has a regressive nature. Progressive occlusion of the blood
sinus of retained placenta can occur after TAE. Therefore, excessive embolization should be avoided
when the characteristic �nding of retained placenta, serpiginous blood sinus, is identi�ed during
angiography examination. This information is important for interventional radiologists to determine the
procedural endpoint of TAE for retained placenta with abnormal bleeding.



Page 8/13

This study had several limitations including its retrospective nature, limited case number, and short
follow-up period (mean, 3.4 months; range, 1–17 months). Larger prospective studies are needed to
con�rm the safety and e�cacy of the TAE procedure as a monotherapeutic approach for retained
placenta with abnormal bleeding.

In summary, the characteristic angiographic feature of retained placenta with vaginal bleeding is a
serpiginous blood sinus fed by multiple uterine arterial branches in the arterial to capillary phase, which
drains into the uterine vein in the capillary to venous phase. TAE using GS and/or NBCA can be a safe
and effective treatment for management of abnormal bleeding caused by retained placenta.
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Tables
Due to technical limitations, table 1 to 4 is only available as a download in the Supplemental Files
section.

Figures

Figure 1

A 33-year-old woman with vaginal bleeding caused by retained placenta. a. Color doppler TVUS showed
vascularity (arrowhead) in the uteroplacental tissue. b. Coronal MIP image of arterial phase CE-CT
showed intrauterine vascular mass (arrowhead) fed by left uterine artery. c. Left uterine arteriogram
showed serpiginous blood sinus (arrowhead) in arterial phase uterine arteriography. d. Venous drainage
(arrow) from blood sinus (arrowhead) depicted in the capillary phase. Drainage vein connected to right
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uterine vein in the venous phase. Microcatheter was inserted into the blood sinus feeding artery. Target
embolization was performed using GS. e. Post-embolization left uterine arteriography con�rmed
disappearance of blood sinus. f. At 2 days after the TAE procedure, the intrauterine hyper vascular lesion
disappeared on TVUS. In this case, expectant management after TAE was chosen and no re-bleeding was
observed.

Figure 2

A 42-year-old woman with vaginal bleeding caused by retained placenta. a. Arterial phase CE-CT showed
intrauterine enhancing lesion (arrowhead). b–e. Bilateral uterine arteriogram showed serpiginous blood
sinus (arrowhead) in the arterial phase. Venous drainage (arrow) was depicted in the capillary phase
through the blood sinus. f. Bilateral uterine arteries were embolized using 25% NBCA diluted with iodized
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oil. After the TAE procedure, expectant management was chosen and no re-bleeding was observed. g. At 1
month after the TAE procedure, the intrauterine enhancing lesion disappeared on CE-CT.

Figure 3

Schematic drawing of the placenta (cross-sectional image) The chorionic plate (fetal side) is a mass of
connective tissue that contains the amnion, main stem villi, and chorionic arteries and veins. The basal
plate (maternal side) consists of trophoblastic and decidual cells; it contains the placental septa, decidua
basalis, and endometrial arteries and veins. The chorionic and basal plates are separated by the
intervillous space; exchange between fetal and maternal circulatory systems occurs between the main
stem villi and the maternal endometrial vessels in this space.
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Figure 4

Schematic drawing of the retained placenta (cross-sectional image) The retained placenta may consist of
intervillous space and decidua basalis. Endometrial arteries and veins, which are branches of uterine
arteries and veins, are connected to each other through the intervillous space. Angiographic �ndings
including serpiginous blood sinus and contrast blush may correspond to remnant intervillous space.
Endometrial arteries and veins connecting to the intervillous space may represent low-�ow AVM-like
�ndings.
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