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Introduction

Postpartum hemorrhage (PPH) is the leading cause of in-
creased maternal morbidity and mortality. The primary treat-
ment is a conservative approach, including bimanual uterine 
compression, uterine massage, uterine packing, intrauterine 
balloon tamponade, fluid resuscitation, transfusion of packed 
red blood cells, and administration of uterotonic agents 
[1,2]. Other surgical treatments include uterine compression 
sutures and uterine artery ligation, with hysterectomy being 
the definitive treatment [2]. 

In recent years, uterine artery embolization (UAE) has been 
implemented as a conservative treatment for patients with 
hemodynamically stable PPH who wish to preserve their 
uterus and maintain fertility. Complications of UAE include 
uterine necrosis, placenta accreta spectrum (PAS), recurrent 
PPH, infection, and amenorrhea [3-5]. Currently, there are no 
definitive diagnostic standard guidelines for uterine necrosis; 
however, it is suspected when patients present with fever, 
lower abdominal pain, and foul-odorous vaginal discharge. 
Uterine necrosis is a serious complication of UAE in the treat-
ment of PPH. Therefore, we aimed to identify patients with 
uterine necrosis who underwent UAE for PPH and investigate 
subsequent pregnancy complications. We identified 11 pa-
tients who were diagnosed with uterine necrosis after UAE, 

three of whom were confirmed to have spontaneous preg-
nancies and reported the outcome of their pregnancy. 

Materials and methods

This retrospective observational study used the medical re-
cords of two medical centers from January 2014 to Decem-
ber 2021. We studied 138 patients who underwent UAE for 
PPH; among them, 11 were diagnosed with uterine necrosis. 
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The incidence of uterine necrosis after UAE at the two medi-
cal centers was 7.97%. We investigated subsequent three 
pregnancies in the 11 patients with confirmed uterine necro-
sis. Symptoms of uterine necrosis include vaginal discharge, 
abdominal pain, fever, and amenorrhea. The average period 
from UAE to uterine necrosis was 87.91±87.66 days (range, 
8-280) and the majority of uterine necrosis was confirmed 
through enhanced computed tomography (CT) of the abdo-
men and pelvis with uterine wall disruption and intrauterine 
free bubbles. Spontaneous pregnancy was confirmed 54, 42, 
and 6 months after UAE. In the third case, the gestational 
sac was confirmed using ultrasound at 5 weeks of gestation, 
but was lost to follow-up.

Results

The first patient was a 35-year-old multiparous woman who 
was transferred to our hospital because of PPH after a nor-
mal vaginal delivery at a gestational age of 39 weeks. Upon 
arrival, active vaginal bleeding and uterine atony were identi-
fied on enhanced pelvic CT (Fig. 1A, B), and emergency UAE 

was performed using Gelfoam (Next Biomedical, Incheon, 
Korea). Fifty days after UAE, the patient visited the emergen-
cy department because of vaginal bleeding. Remnant placen-
tal expulsion was observed on vaginal dressing. Pathological 
examination of the remnant placenta revealed degenerative 
and necrotic chorionic villi and decidua, with neutrophils and 
focal calcification. The menstrual cycle recovered 20 months 
after UAE; however, the recovery was very short. Approxi-
mately 4.5 years after the implementation of the UAE, the 
fetal heartbeat was confirmed at 8 weeks of gestation; how-
ever, artificial abortion was performed for personal reasons. 
Subsequently, abnormal vaginal bleeding was observed, 
and the patient was diagnosed with a uterine arteriovenous 
malformation (AVM) on ultrasonography and CT (Fig. 1C-E)  
of the abdomen and pelvis. The patient did not undergo 
any treatment for the AVM and is currently under follow-up 
without other interventions.

The second patient was a 30-year-old primiparous woman 
referred for uterine atony and vaginal bleeding after a cesar-
ean section at 37 weeks and 5 days of gestation. UAE using 
Gelfoam (Next Biomedical) was performed 240 minutes after 
cesarean section. Sixty days later, foul-odor vaginal discharge 
and necrotic tissue were observed, with necrotic tissue show-
ing multiple abscess formations. The pathology report of the 
necrotic tissue revealed a totally necrotic tissue with multiple 
abscesses. 

Fig. 1. Abdomen pelvis CT and transvaginal sonography in case 
1. (A) Axial plane and (B) coronal plane of CT before UAE. The 
leakage of the contrast medium and hematoma are visible (white 
arrow). (C) After dilatation and curettage at 8 weeks gestation, 
the patient was referred again for amenorrhea. We performed en-
hanced abdomen-pelvis CT and AVM was diagnosed. (D) Sagittal 
plane of transvaginal sonography. Dilated vessels is observed. (E) 
When color Doppler was applied, massive blood flow in uterine 
body and fundus is observed. CT, computed tomography; UAE, 
uterine artery embolization; AVM, arteriovenous malformation.
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Fig. 2. Enhanced abdomen-pelvis CT at the time of uterine ne-
crosis and non-enhanced uterus MRI at 17 weeks gestation age 
of case 2. (A) Axial plane of enhanced abdomen-pelvis CT. Partial 
uterine necrosis in the anterior and fundal wall are identified. Free 
air is observed in the intrauterine cavity. (B) The axial plane of non-
enhanced uterus MRI. Placenta previa (white arrow) is identified. 
PAS was not observed, but the portion of placenta increta and per-
creta at the time during cesarean section on gross was indentified. 
CT, computed tomography; MRI, magnetic resonance imaging; PAS, 
placenta accreta spectrum.
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Enhanced abdominal pelvic CT revealed partial uterine 
necrosis in the anterior and fundal walls (Fig. 2A). After 3.5 
years, she visited the hospital to confirm her pregnancy. At 
the gestational age of 17 weeks, non-enhanced magnetic 
resonance imaging was performed, and placenta previa 
and PAS were identified (Fig. 2B). At 29 weeks of gestation, 
emergency cesarean section was performed because of re-
current fetal distress and oligohydramnios. Placental increta 
were observed at the uterine necrosis site, and placenta 
percreta was confirmed as a bladder component in approxi-
mately 5% of the placenta. Cesarean subtotal hysterectomy 
was performed because of the presence of uterine atony, 
and the estimated blood loss was 7,000 mL. Gross findings 
of the uterus showed placental invasion with a disrupted 
uterine serosa. Microscopy revealed extensive infiltration of 
the myometrium by trophoblasts and loss of the decidual 
layer. No evidence of uterine necrosis was found upon histo-
pathological examination. 

Discussion

PPH is a life-threatening condition and a common cause of 
maternal morbidity and mortality. The success rate of UAE 
for PPH ranges from 61% to 100% [6-9]. UAE is applicable 
to patients who desire future pregnancy and maintain a he-
modynamically stable state [2]. 

A systematic review studied short- and long-term adverse 
outcomes after UAE and concluded that UAE does not ap-
pear to adversely affect the menstrual cycle, fertility, and 
subsequent pregnancies but may affect placentation [5]. PAS 
was significantly more common in the post-UAE group, sug-
gesting that uterine necrosis occurred due to damage to the 
myometrium and endometrium, followed by decreased uter-
ine blood flow after UAE [10-12]. 

The diagnostic criteria for uterine necrosis were the pres-
ence of myometrial gas, absence of myometrial uptake fol-
lowing contrast material injection, peripheral uptake, and 
uterine elongation [13]. The surgical specimen obtained after 
hysterectomy showed two well-differentiated myometrial 
areas: a brownish color change in the uterine wall and de-
tached mucosa, and granulation tissue. Microscopic exami-
nation revealed ischemic necrosis of myometrial fibers and 
vascular structures [13]. 

One study identified 17 patients with UAE followed by 

PPH, of which four completed subsequent deliveries, and all 
of them experienced recurrent PPH [6]. Another study found 
that PAS was significantly more common in the post-UAE 
group and suggested that uterine necrosis occurred because 
of damage to the myometrium and endometrium, followed 
by decreased uterine blood flow after UAE [10]. In this study, 
compared to our previous study, the incidence of uterine 
necrosis after UAE were 7.97% and 9.4%, respectively [1]. 
This may be because the procedure was performed carefully 
considering the risk of uterine necrosis. 

Uterine necrosis following UAE for PPH was divided into to-
tal and partial categories [13]. Partial uterine necrosis showed 
zonal ischemic myometrium, endometrial atrophy, and intra-
uterine adhesions; thus, the uterus was preserved with con-
servative treatment [13]. Conservative management may be 
successful; however, surgical intervention is required in some 
patients. The cause of uterine necrosis after UAE remains un-
clear.

In this study, there were subsequent spontaneous pregnan-
cies in three of the 11 cases (27.3%). Unfortunately, two 
of these cases were lost to follow-up in early pregnancy, 
whereas the other case clearly showed PAS combined with 
placenta previa. When uterine necrosis occurs, necrotic tis-
sue is absorbed or expelled and defective deformations may 
appear in the uterus. Uterine defects are thought to increase 
the risk of pregnancy-associated complications in subsequent 
pregnancies.

The major strength of our study is that it is the first to 
investigate the period from uterine necrosis to future preg-
nancy and subsequent pregnancy outcomes. We can inform 
these patients about the increased risk of PAS in the next 
pregnancy after uterine necrosis and the need to be prepared 
for postpartum bleeding.

Our study has several limitations. First, this was a retrospec-
tive study with a small sample size. However, uterine necrosis 
is rare, and there have been no reports of subsequent preg-
nancies. A more robust study such as a large-scale prospec-
tive review is required to further investigate UAE in future 
pregnancies.

Uterine necrosis after UAE is a rare complication, and stan-
dard treatment and prognosis have not yet been established. 
If uterine necrosis occurs after UAE in PPH, it may cause 
serious pregnancy outcome complications; therefore, more 
intensive management and preparation for delivery and cau-
tion regarding the risk of the next pregnancy are required.
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