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ABSTRACT 

Purpose: To investigate the efficacy of uterine arterial embolization (UAE) in patients with post-partum hemorrhage 
(PPH). Materials and Methods: The subjects were 40 women (mean age, 33 years; age range, 21 - 42 years) who un-
derwent UAE for PPH at two institutes from June 2001 to May 2011. The rates of clinical success (avoidance of hys-
terectomy) and complications were calculated. Differences in related factors between primary PPH and secondary PPH 
and between caesarean section and vaginal delivery were examined. The risk factors associated with hysterectomy were 
also examined. Results: The overall clinical success rate was 90% (93% of primary PPH, 77% of secondary PPH, and 
87.5% of PPH with cesarean section), and the overall complication rate was 10%. There were significant differences in 
time to PPH (P < 0.0001) and in blood infusion after UAE (P = 0.0158) between subtypes of primary and secondary 
PPH and in blood infusion before UAE (P = 0.0052) between delivery methods. The significant factors associated with 
hysterectomy were cesarean section (P = 0.02), severe PPH (>1000 mL bleeding, P = 0.03), and embolization of 
non-uterine arteries (P = 0.02). 
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1. Introduction 

Maternal mortality is very rare in developed countries, 
but severe conditions associated with delivery still re-
main [1-3]. Among the complications of delivery, post-
partum hemorrhage (PPH) is the most severe and highly 
associated with mortality. Regardless of the type (pri-
mary or secondary) or severity (moderate or severe) of 
PPH, stopping the vaginal bleeding and protecting the 
uterus are the top priorities. 

Uterine artery embolization (UAE) is accepted treat-
ment for PPH in view of its minimal invasiveness, 
quickness, and efficacy. However, previous reports 
showed that only 0.000008% - 14% of PPH patients un-
derwent UAE, and most PPH patients were treated with 
medical management, including resuscitation measures, 
uterotonics, including intravenous administration of 
oxytocin and, in the case of persistent uterine atony, in-
travenous administration of sulprostone. In cases of re- 

tained placenta, manual removal was performed. In cases 
of lacerations and vaginal tears, surgical repair was done 
[1,4,5]. Primary PPH is defined as 500 ml or more blood 
loss during the first 24 hours after delivery and secondary 
PPH is defined as 500 ml or more blood loss after the 
first 24 hours following delivery until the 6th week of the 
puerperium [6,7]. 

The aim of this study was to investigate the efficacy of 
UAE in patients with PPH. 

2. Materials and Methods 

All 40 women who underwent UAE for PPH at two in-
stitutes were included. All patients were referred to our 
institutes from affiliated hospitals in order to stop vaginal 
bleeding after delivery, after failed attempts to stop the 
vaginal bleeding with oxytocin IV administration for 
uterine atony, gauze packing, dilatation/curettage for 
retained placenta, and surgical repair for lacerations/ 
vaginal tears. Depending on the severity of the patient’s *Corresponding author. 
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shock and vital signs, transfusion of blood components 
was performed as directed by the physician. Informed 
consent for UAE was obtained from all patients, and in-
stitutional review board approval was obtained at each 
institute for this study. 

2.1. UAE Technique 

UAE procedure was performed by two interventional 
radiologists (10 years dedicated to IVR procedure) at 
each institution. After an anatomical survey by aortogra- 
phy, UAE was performed. As stated previously, the UAE 
procedure [8-15] involves the use of a single 5-French 
catheter (Cobra; Hanako Medical, Saitama, Japan) to 
catheterize both uterine arteries. After puncturing the 
femoral artery to establish an arterial access route, the 
5-French catheter was advanced to the contralateral uter-
ine artery with a guidewire (Radiofocus; Terumo, Tokyo, 
Japan). The catheter was then slowly advanced under 
fluoroscopic guidance, and a strong torque movement 
was applied to create a Simmons reverse curve [15]. The 
shaped catheter was then pulled out into the aorta and 
placed into the ipsilateral common iliac artery and then 
into the ipsilateral uterine artery. If selective catheteriza-
tion of the ipsilateral uterine artery with a 5-French 
catheter could not be done, a 3-French microcatheter 
(Renegade; Boston Scientifics, Fremont, CA, USA) was 
also used to catheterize the ipsilateral uterine artery. Bi-
lateral uterine artery embolization was performed with 
gelatin sponge (Gelfoam; Pharmacia and Upjohn, New 
York, NY, USA) when a pseudoaneurysm was not visu-
alized on arteriography. UAE was continued until stasis 
of blood flow in the uterine arteries was obtained. Basi-
cally, if a pseudoaneurysm (extravasation of contrast 
medium) was seen on arteriography, microcoils (Tornade; 
COOK, Minneapolis, MN, USA) or N-butyl cyanoacry-
late (NBCA) (Histoacryl; B Braun, Melsungen, Germany) 
was used depending on the severity of the pseudoaneu- 
rysm. Otherwise, gelatin sponge or PVA(polyvinyl alco- 
hol) were also used together for UAE in case of pse-
duaneurysm. Non-uterine arteries, including other inter- 
nal iliac branches or the ovarian artery, were also em- 
bolized when an obvious or suspicious pseudoaneurysm 
finding was present on arteriography. After embolization, 
the patients were transferred to the intensive care unit 
and observed. 

2.2. Assessment 

Technical success was defined as cessation of vaginal 
bleeding within 24 hours after UAE procedure. Clinical 
success was defined as avoidance of hysterectomy and 
cease of vaginal bleeding. In other words, success of 
embolization was defined as cessation of the hemorrhage 
(with hemodynamic stability) and the absence of any 

subsequent surgical procedure. If PPH did not stop after 
UAE, hysterectomy could be considered. Blood transfu-
sion requirements before and after UAE were calculated. 
Correlations between subject characteristics and clinical 
success were evaluated. The two subtypes of PPH (pri-
mary vs. secondary) and women who underwent cesar-
ean section were examined separately as well. The defi-
nitions of primary and secondary PPH were as follows: 
primary PPH was bleeding during the first 24 hours fol-
lowing delivery, while secondary PPH was blood loss 
over 500 ml after the first 24 hours until 6 weeks. 

Statistical analysis was performed using a commer-
cially available software package (MedCalc Version 
9.5.1.0; MedCalc Software, Mariakerke, Belgium). The 
chi-square test was used for comparisons of categorical 
data, and the Mann-Whitney U test was used to compare 
between two groups. A two-tailed P value < 0.05 was 
considered significant. Clinical data recorded included: 
transfusion requirements (packed red blood cells: PRBCs) 
before and after embolization; time from delivery to em-
bolization; and hospital stay. Median values are provided 
because the data were skewed. 

3. Results 

Forty women (mean age, 33 years; range, 21 - 42 years) 
underwent UAE, with an overall clinical success rate of 
90% (93% for primary PPH, 77% for secondary PPH, 
and 87.5% for PPH associated with cesarean section) and 
an overall complication rate of 10%, including fever (n = 
5), pulmonary edema (n = 2), colitis (n = 1), and 
ischemic sciatic neuropathy (n = 1). Mean pre- and post- 
embolization transfusion requirements were 7.6 U and 
4.2 U of PRBCs, respectively. There were significant 
differences in median blood transfusion requirement after 
UAE (primary 3 packs, secondary 0 packs; P = 0.0158) 
between primary and secondary PPH (Table 1). Mean-
while, there were significant differences in median blood 
transfusion requirements before UAE (caesarean section 
8.5 packs, vaginal delivery 2 packs; P = 0.0052) and in 
median hospital stay (caesarean section 60 days, vaginal 
delivery 19 days; P = 0.0033) between delivery methods 
(Table 2). The significant characteristics identified for 
the cases that required hysterectomy included cesarean 
section (P = 0.019915), severe PPH (>1000 ml bleeding, 
P = 0.02604), and embolization of non-uterine arteries (P 
= 0.0203) (Table 3). 

4. Discussion 

PPH has been defined by the World Health Organization 
as moderate (blood loss > 500 ml) and severe (blood loss 
> 1000 ml) [16]. Severe PPH is the single most important 
cause of maternal mortality worldwide [17]. PPH is also 
classified into primary and secondary PPH subtypes.  
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Table 1. Comparison of associated factors between primary 
and secondary PPH. 

 
Primary  
(n = 31) 

Secondary 
(n = 9) 

P value 

Extravasation 15 4 P = 0.8645

Beyond UAE* 6 2 P = 0.7764

Delivery methods   P = 0.3952

Caesarian section 14 2  

Vaginal 17 7  

Time to PPH (hours)    

Median(range ) 3 (2 - 24) 
408  

(24 - 1560) 
P < 0.0001

Blood infusion (unit)    

before UAE 4 (0 - 45) 4 (0 - 17) P = 0.5819

Blood infusion (units)    

after UAE 3 (0 - 37) 0 (0 - 4) P = 0.0181

Hospital stay (days) 6(2 - 60) 7(3 - 19) P = 0.7831

Bleeding stop? 28(90%) 9 (100%) P = 0.8014

Clinical success    

(avoidance of Hysterectomy) 29 7 P = 0.4489

Note) *Beyond UAE mean that additional extra-uterine arterial embolization 
for PPH. 

 
Table 2. Comparison of associated factors between caesar-
ian and vaginal delivery. 

 
Caesarian 
(n = 16) 

Vaginal 
(n = 21) 

P value 

Extravasation 10 9 P = 0.2195

Beyond UAE* 5 3 P = 0.2942

Time to PPH (hours)    

Median (range) 
4 

(0 - 48) 
3.375 

(0 - 1560) 
P = 0.5254

Blood infusion (units)    

before UAE 
8.5 

(0 - 45) 
2 (0 - 16) P = 0.0053

Blood infusion (units)    

after UAE 3 (0 - 37) 2 (0 - 10) P = 0.087

Hospital stay (days) 8 (4 - 60) 5 (2 - 19) P = 0.0034

Bleeding stop? 14 23 P = 0.7132

Clinical success    

(avoidance of Hysterectomy) 12 29 P = 0.0409

 
Primary PPH is defined as excessive bleeding from the 
genital tract (500 ml or more during the first 24 hours  

Table 3. Factors associated with clinical failure (hyterec-
tomy). 

 
Clinical Failure 
(Hysterectomy) 

P value 

Caesarian section (n = 16) 4 (25%) P = 0.0199 

Severe PPH* (n = 17) 4 (24%) P = 0.026 

Beyond UAE** (n = 8) 3 (37.5%) P = 0.020 

Note)* >1000 ml bleeding; **Beyond UAE mean that additional extra-uter- 
ine arterial embolization for PPH. 

 
after delivery) [6,7]. Secondary PPH is defined as exces-
sive bleeding from the genital tract, with a blood loss of 
1000 ml or more, that occurs after the first 24 hours fol-
lowing delivery until the 6th postpartum week [6,7]. Pri-
mary and secondary PPH typically have different clinical 
presentations, causes, and maternal mortality rates [18,19]; 
thus, the clinical success rate was higher for primary 
PPH (93%) than for secondary PPH (77%) in the present 
study. Uterine atony is the most common cause of pri- 
mary PPH [20,21]. Meanwhile, secondary PPH is caused 
by placental fragments and subsequent inflammation or 
hematoma [7]. The difference in the clinical success rate 
between primary and secondary PPH appears to depend 
on prolonged inflammation (endometritis) or hematoma, 
despite vaginal bleeding having stopped. 

Among other differences between primary and secon-
dary PPH, time to PPH and blood transfusion after UAE 
were significantly different factors. The first result was 
predictable, but the latter result was unexpected. A 
smaller amount of blood infusion after UAE suggests 
that patients with secondary PPH may recover from hy- 
povolemia sooner than patients with primary PPH. 

The present results showed that the significant factors 
associated with hysterectomy were cesarean section (P = 
0.019915), severe PPH (>1000 ml bleeding, P = 0.02604), 
and embolization of non-uterine arteries (P = 0.0203). 

Previous reports suggested that iatrogenic pseudo-
aneurysm after cesarean section is an increasingly recog-
nized cause for secondary PPH [11,22,23]. However, the 
present results did not show a significant difference for 
pseudoaneurysm or type of PPH (primary or secondary: 
P = 0.73). 

Referring to the embolic agents, gelatin sponge is 
widely used for UAE of PPH [8,10,12,13] because of its 
highly hemostatic effect and low risk of ischemic com-
plications. So far, gelatin sponge has been a useful em-
bolic agent and considered a temporary occlusion. How-
ever, both coils and NBCA are useful embolic agents 
when a pseudoaneurysm is visualized on arteriography, 
because gelatin sponge embolization alone may not 
achieve prolonged hemostasis. 

In general, the overall complication rate was 10%, and 
most complications were mild, including abdominal pain 
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or fever that could be treated conservatively. Severe 
complications were noted in one patient (ischemic sciatic 
neuropathy and skin necrosis). In this patient, extravasa-
tion from the uterine artery was recognized, and UAE 
was attempted with NBCA following gelatin sponge 
embolization. The additional NBCA may have increased 
the risk of ischemic complications in this patient. 

This study has several limitations, because it includes 
only a small group of patients, diverse indications, multi-
ple operators, and different techniques of UAE. There-
fore, we think it is necessary to launch a prospective 
clinical study of UAE study for PPH in order to avoid the 
bias as described above. 

In conclusion, the overall clinical success rate was 
90% (93% of primary PPH, 77% of secondary PPH, and 
87.5% of PPH with cesarean section), and the overall 
complication rate was 10%. Cesarean section (P = 
0.019915), severe PPH (>1000 ml bleeding, P = 0.02604), 
and embolization of non-uterine arteries (P = 0.0203) 
were highly associated with the need for hysterectomy. 
However, UAE for PPH has a high clinical success rate 
and a low complication rate. Therefore, uterine artery 
embolization should be considered as the first treatment 
of choice for PPH. 
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