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that PAE is effective for the treatment of severe PPH. In view 
of the lack of complications and unwarranted effects, clini-
cal use of PAE in severe PPH seems justified, particularly 
in view of the life-threatening condition and the potential 
to preserve fertility in affected patients. Further evidence 
from well-designed prospective randomized-controlled trials 
would be nevertheless desirable in the future.
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Abbreviations
DIC  Disseminated intravascular coagulation
FFP  Fresh frozen plasma
PAE  Selective pelvic arterial embolisation
PLT  Platelets
PPH  Severe postpartum hemorrhage
RBCU  Red blood cell unit
RCOG  Royal College of Obstetricians and 

Gynaecologists
rhFVIIa  Recombinant human factor VIIa
SEM  Standard error of the mean
UBT  Uterine balloon tamponade
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Introduction

Severe postpartum hemorrhage is the most common cause of 
maternal death according to the World Health Organization 
(WHO): 10.5% of all live births are associated with severe 
bleeding and 25% of the maternal death cases are caused by 
postpartum hemorrhage [1].

Abstract 
Purpose The purpose of our study was to evaluate the 
outcome of selective pelvic arterial embolisation (PAE) in 
women with severe postpartum hemorrhage (PPH).
Methods We performed a retrospective, controlled, sin-
gle-center cohort study. A total of 16 consecutive women 
with PPH who underwent therapeutic PAE were included. 
As historical control group, we included 22 women with 
similar severity of PPH who were managed without PAE. 
Outcome measures included necessity of surgical interven-
tions such as postpartum hysterectomy and laparotomy after 
vaginal delivery, the amount of red blood cell transfusions, 
and hematologic findings after the procedure.
Results PAE was successful in stopping PPH and pre-
serving the uterus in all 16 women in the study group. No 
woman in the PAE group required a postpartum hysterec-
tomy, whereas postpartum hysterectomy was unavoidable in 
two women in the control group. Laparotomy after vaginal 
delivery was necessary in two women of the group without 
embolisation. Hematologic parameters after the treatment 
were better in the PAE group than in the control group, 
although these differences were only in part statistically sig-
nificant. There were no unwarranted effects of PAE identifi-
able in the study group.
Conclusion This is the first controlled study assessing the 
efficacy of PAE for the treatment of PPH. Our data suggest 
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The definition of postpartum hemorrhage (PPH) varies 
in the literature. Nevertheless, a blood loss of > 500 ml for 
vaginal delivery and > 1000 ml for a cesarean section are 
most widely accepted definitions [2].

The amount of blood loss in PPH based on visual exami-
nation is often underestimated by up to 50%. Therefore, PPH 
can also be defined as a 10% change in hematocrit between 
admission and the postpartum period, or if a transfusion was 
considered clinically necessary [3–5]. PPH is divided into 
primary hemorrhage, which indicates excessive bleeding 
from the genital tract of 500 ml or more in the first 24 h after 
a vaginal delivery, and secondary hemorrhage, which occurs 
after the first 24 h and until 6 weeks after the birth [2, 6].

Causes of primary postpartum blood loss include uter-
ine atony, isolated or combined with traumatic or placental 
causes of blood loss; placental causes such as retained pla-
cental tissue, incomplete placental abruption, or placental 
implantation abnormalities; genital tract injuries such as 
perineal or vaginal laceration, cervical tear, uterine rupture 
or paravaginal and pararectal hematomas; and coagulation 
disorders such as primary coagulation disorders, such as 
hereditary hemophilia or plasmatic coagulation disorders 
based on blood loss [7]. Uterine atony and lower genital 
tract laceration are the most common causes of PPH [8–10].

Recently, Ekin et al. described previous cesarean deliv-
ery, prolonged labor, oxytocin augmentation and emergency 
cesarean delivery as strongest predictors of severe blood loss 
in women with PPH. In addition, uterine atony and abnormal 
placentation are the causes of bleeding significantly associ-
ated with severe PPH [11]. Secondary PPH is mainly related 
to retained products of gestation or infection [12].

Selective pelvic arterial embolisation (PAE)

In 1979, Brown et al. described, for the first time, the use 
of angiographic arterial embolisation as a new approach to 
hemostasis in cases of uncontrollable PPH. The authors con-
sidered angiographic embolisation to be an effective alterna-
tive approach to the control of pelvic hemorrhage and rec-
ommend that the technique be considered prior to surgical 
intervention [13]. The first embolisation was performed in a 
woman with PPH after hysterectomy and vascular ligation.

Since their successful case report was published, the 
method of PAE as treatment for cases of severe PPH has 
gained increasing worldwide acceptance as a treatment 
option in the management of PPH in which conservative 
measures fail. The most common cause of PPH requiring 
embolisation is uterine atony [12].

However, PAE is also indicated in hemorrhage from geni-
tal tract laceration, due to abnormal placentation, pseudoa-
neurysms, arteriovenous malformations, and postsurgical 
complications, surgical complications, or uterine tears at the 

time of cesarean section. Furthermore, the RCOG has rec-
ommended interventional radiology also be considered for 
bleeding while in the recovery unit or in the postnatal ward 
after a normal delivery or a cesarean section and for bleed-
ing after hysterectomy [14]. Previous uncontrolled studies 
proposed a success rate of PAE of round 90% [8, 15].

PAE does not require general anesthesia, is not disturbed 
by coagulation disorders, and is reproducible [16]. Thus, if 
all medical measures are unsuccessful, uterine embolisation 
could be directly initiated if the woman is hemodynamically 
stable enough to be moved and the possibility of embolisa-
tion with interventional radiology is available nearby [17].

When performed by experienced interventional radiolo-
gists, complication rates after arterial embolisation are low, 
with the overall complication rate ranging between six per-
cent and nine percent [8, 12, 16, 18–22]. Most complica-
tions are minor and associated with the arterial puncture 
and angiography in general. Postembolisation syndrome, 
with transient abdominal pain, fever, nausea, and mild leu-
kocytosis, should be expected. Ischemic und neurological 
complications are rare [12].

After embolisation, most women do not report a change 
in the quality of menses or in the clinical symptoms of early 
menopause. Moreover, PAE does not appear to affect men-
struation or fertility [23].

There is wide variety of publications that have investi-
gated the effectiveness of PAE in retrospective case studies. 
However, none of these studies included a control group 
and, therefore, the efficacy of PAE might be overestimated.

The purpose of our study was, therefore, to evaluate the 
outcome of PAE in women with PPH by comparing the 
study group to a control group with similar severity of PPH, 
managed similarly but without PAE.

Methods

We performed a retrospective, controlled cohort study 
between 2004 and 2012. A total of 16 consecutive women 
with severe PPH underwent PAE as a rescue therapy after 
unsuccessful medical or surgical uterine-preserving man-
agement. As historical control group, we included 22 
women with severe PPH whose inclusion characteristics 
were comparable to those of the PAE group, but who were 
managed without embolisation before this treatment was 
established in our hospital. Importantly, the clinical man-
agement of both groups did not differ between the groups, 
except in the use of PAE. All patients were treated accord-
ing to the same clinical algorithm before PAE, which 
included fluid management, administration of tranexamic 
acid, uterotonic drugs, such as intravenous oxytocin, rectal 
misoprostol, and intravenous sulprostone, red blood cell 
units (RBCUs), fibrinogen, fresh frozen plasma (FFP), 
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platelets (PLT), and activated recombinant human Fac-
tor seven (rhFVIIa), as required. Surgical interventions 
included the repair of lower genital tract lesions, manual 
and instrumental uterine revision and curettage, uterine 
tamponade by a balloon catheter or by surgical towels, 
uterine compression sutures (mainly B-Lynch and Hayman 
sutures), and arterial vasoligation. PAE was performed 
as a last step before proceeding to a hysterectomy if the 
above-named treatments were ineffective. Prerequisite for 
PAE was hemodynamic stability.

After the decision to perform PAE was made, the woman 
was transported from the maternity unit to the radiology 
department, which was in immediate vicinity, accompanied 
by an anesthetist. Using a right-sided unifemoral approach, 
digital subtraction angiography was performed to deter-
mine anatomy and to locate possible extravasation of con-
trast agent. A contralateral internal iliac angiography was 
performed initially, and then a selective examination of 
the uterine artery was subsequently attempted in all cases. 
The ipsilateral internal iliac artery and uterine artery were 
also catheterized with the same catheter and via the same 
puncture site. Other anastomotic vessels, such as the vaginal 
branches, were assessed when necessary. The embolisation 
material consisted of mainly pledgets of absorbable gelatin 
sponge and embolisation microspheres; coils and n-butyl-
2-cyanoacrylate were also used in a few cases.

Hematologic parameters were monitored repetitively 
before, during, and after PPH treatment. The hemostatic 
efficiency of the procedure was evaluated clinically and was 
considered good when visible hemostasis was noticed. Post-
therapeutic transfusion rates of blood products were indirect 
parameters for significant bleeding and treatment failures. 
The success of the PAE was defined as a stopping of the 
hemorrhage, whatever the number of PAE procedures, with 
no subsequent surgical procedure due to persistent bleeding.

Outcome parameters included the success of PAE in 
stopping the bleeding, whether postpartum hysterectomy 
or laparotomy after vaginal birth was required, the amount 
of blood transfusions, and hematologic findings before and 
after the procedure.

Data were presented as mean ± standard error of the 
mean (SEM). All statistical calculations were performed 
with GraphPad Prism version 5.0 for Windows (GraphPad 
Software, San Diego CA, USA). Comparisons of the study 
groups were statistically analyzed by Student’s T test or 
Mann–Whitney test if the data were not normally distributed 
assessed by Shapiro–Wilk normality test. Fisher’s exact test 
was performed for categorical variables. A probability value 
(p) < 0.05 was considered to reach the level of significance.

The study was approved by the ethical committee of 
the canton of Bern, Switzerland. Date of ethics approval: 
13.06.2016. Reference number to the ethics approval state-
ment: 3037.

Results

Both groups were comparable in age, body weight, ges-
tational age at delivery, parity, and in the delivery mode. 
All patient characteristics and delivery modes are shown in 
Table 1, and were not significantly different.

Uterine atony was the most common cause of bleeding 
in both groups. In the control group, uterine atony was sig-
nificantly more often present than in the embolisation group 
(90.91 vs. 62.5%; p = 0.0498; Table 2). Injuries of the lower 
genital tract, abnormal placentation, and residual placental 
tissue were encountered more frequently in the embolisation 
group than in the control group, but these differences were 
not significant (Table 2). Disseminated intravascular coagu-
lation (DIC), as an acquired hemorrhagic diathesis charac-
terized by systemic activation of coagulation, did not occur 
significantly more frequently in the embolisation group (12.5 
vs. 0%; p = 0.171; Table 2).

PAE was successful in stopping the PPH and preserving 
the uterus in all patients. In one patient, a second embolisa-
tion was necessary within the 9 h subsequent to the pro-
cedure due to recurrent bleeding after an interval of sev-
eral hours of bleeding cessation. This second procedure, 
however, did stop the bleeding definitively. The duration of 
the entire procedure of an embolisation was approximately 
102 min (range 60–160 min).

Angiography showed an extravasation of contrast agent 
in five of the 16 women. A PAE of both uterine arteries was 
performed in the majority of the cases. Other embolized 
arteries were the vaginal artery, the pudenda artery, and the 
internal iliac artery. In one woman, a pseudoaneurysm of the 
right uterine artery was embolized successfully. There were 
no major complications due to the pelvic artery embolisa-
tion. One woman complained of pain in the groin, the leg, 
and the pelvis after the procedure. In the follow-up, Asher-
man syndrome developed in two women, but, it was not clear 

Table 1  Patient characteristics

SEM standard error of the mean, NS not significant

Characteristics PPH with 
embolisation, 
n = 16

PPH without 
embolisation, 
n = 22

Significance

Age (years, mean/
SEM)

30.94 ± 1.49 31.82 ± 1.06 0.6237 (ns)

Weight (kg, mean/
SEM)

67.24 ± 3.11 66.89 ± 2.15 0.9241 (ns)

Gestational age 
(weeks p.m., 
median/SEM)

38.8 ± 0.7 38.4 ± 0.8 0.6805 (ns)

Primiparity (%, n) 68.75 (11) 50 (11) 0.3262 (ns)
Cesarean section 

(%, n)
56.25 (9) 59.09 (13) 1.0 (ns)
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whether this was due to the PAE or due to other treatments 
(curettage). The first woman had two curettages after deliv-
ery and one uterine tamponade before a PAE was performed. 
Subsequently she suffered from persisting amenorrhea. The 
second woman had a cesarean section with uterine com-
pressive sutures before a PAE was performed. Subsequently 
she had a hysteroscopic resection of uterine synechiae and 
2 years later a normal pregnancy.

The mean total estimated blood loss of the embolisation 
group was 4920 ± 889 ml. This was slightly higher than in 
the control group (4767 ± 749 ml) (p = n. s.) (Table 2). In 
the embolisation group, there was almost no further blood 
loss after the therapy, whereas, in the control group, in 
half the women, the bleeding did not stop completely after 
therapy.

The treatment cascade followed the algorithm and was 
comparable in both groups: Conservative surgical treatment 
in both groups comprised PPH with PAE and without PAE 
with no significant differences between the groups: curettage 
in 50 vs. 73%; sutures for injuries of the lower genital tract 
in 38 vs. 32%; uterine tamponade with balloon catheters 
or surgical towels in 63 vs. 50%; and uterine compression 
sutures in 38 vs. 41%. There were no differences between the 
groups regarding the use of intravenous prostaglandins: All 
women received sulprostone i.v. No woman in the emboli-
sation group required a postpartum hysterectomy, whereas, 
all therapies were unsuccessful in stopping the bleeding in 
two women of the control group, so that a postpartum hys-
terectomy became inevitable. There was no difference in 
chorioamnionitis between groups, and there was no postpar-
tum endomyometritis present (all women studied received 
antibiotic prophylaxis during or after PPH).

A laparotomy after vaginal delivery for either uterine 
compression sutures or a postpartum hysterectomy was 
necessary in two women in the group without embolisation. 
In contrast, no woman in the embolisation group required a 
laparotomy after vaginal delivery. These differences, how-
ever, were not significant (Table 3).

All women in the control group received recombinant 
human factor VIIa, whereas, in the embolisation group, the 
application of factor VIIa occurred only in six of 16 women 

(31%). This difference was significant, with p < 0.0001 
(Table 3).

More RBC transfusions in total and before treatment were 
required in the embolisation group, but the difference was 
not significant (Table 3). This correlates well to the slightly 
higher blood loss before treatment in the PAE group (see 
above). On the contrary, significantly less units of FFP after 
treatment were administered in the embolisation group com-
pared to the control group, and significantly less women 
in the embolisation group required FFP substitutions after 
treatment (0 vs. 31.8%; p = 0.0144; Table 3). The PLT trans-
fusions before treatment were less in the control group, but 
PLT transfusions after treatment were less in the embolisa-
tion group. Overall, although not significant, there were less 
women who required PLT in the embolisation group (6.3%) 
than in the control group (13.6%) (Table 3).

The mean hemoglobin prior to the therapy was lower in 
the embolisation group and the mean hematocrit was lower 
in the group without embolisation. The mean platelet level 
before treatment was lower in the control group, whereas, 
the mean fibrinogen was lower in the embolisation group 
(Table 4). But, all these findings were not statistically sig-
nificant. Nevertheless they emphasize the previous findings 
that the extent of bleeding was comparable between the 
two groups. After the treatment, the hematologic param-
eters were higher in the embolisation group than in the con-
trol group, especially platelets were significantly higher. 
(Table 4). During the follow-up after PPH treatment until 
discharge or until 6 weeks postpartum, no patient devel-
oped a severe complication of PAE such as thromboembolic 
events or necrotic degeneration of bladder or uterus. One 
patient experienced pain in the groin, leg and pelvis after 
the PAE procedure, and two patients were diagnosed with 
intrauterine synechiae at a later stage.

Discussion

Our study suggests that PAE is an effective treatment modal-
ity for severe PPH. It represents the first study on this issue 
published to date comparing PAE with a control group, 

Table 2  PPH characteristics

SEM standard error of the mean, NS not significant

PPH characteristics PPH with emboli-
sation, n = 16

PPH without embo-
lisation, n = 22

Significance

Uterine atony (%, n) 62.50 (10) 90.91 (20) 0.0498
Injuries of the lower genital tract (%, n) 43.75 (7) 31.82 (7) 0.5105 (ns)
Abnormal placentation (%, n) 25 (4) 18.18 (4) 0.6984 (ns)
Residual placental tissue (%, n) 12.5 (2) 9.09 (2) 1.0 (ns)
DIC (%, n) 12.5 (2) 0 (0) 0.1707 (ns)
Blood loss, totally, estimated (ml, mean/SEM) 4920 ± 889.2 4767 ± 749.2 0.8842 (ns)
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as previously published studies to date included only case 
series. Our data show that PAE was successful in all patients 
in stopping the bleeding, and no patient in the PAE group 
needed laparotomy after vaginal delivery or had postpartum 
hysterectomy, while there was no statistically significant dif-
ference evident in the PAE group compared to the control 
group with regard to blood loss and number of packed red 
blood cell transfusions.

In high-income countries, there appears to be an increas-
ing rate of PPH, as reported in several studies [24–32]. The 
factors underlying the increase have been unknown, until 
now, but increasing cesarean section rates may contribute 
[31]. PPH can lead to death and serious complications that 

follow an extreme drop in blood volume and related organ 
failure, including acute renal failure, adult respiratory dis-
tress syndrome, coagulopathy, and shock [31, 33, 34]. As 
described extensively in the literature previously, and, as 
we can confirm, uterine atony is the most common cause for 
PPH, and thus for therapy [9, 10]. In our group with PAE, 
the distribution of causes for PPH was different from that 
in the control group. There were significantly less uterine 
atonies compared to the control group. This is a significant 
advantage of PAE, as has also been described by Tourné 
et al. [16].

The mean total estimated blood loss of the embolisa-
tion group was similar in both groups. However, as these 

Table 3  Treatment

RBC red blood cell, FFP fresh frozen plasma, PLT platelet transfusion, SEM standard error of the mean, 
NS not significant, pp postpartum

Treatment PPH with embo-
lisation, n = 16

PPH without 
embolisation, 
n = 22

Significance

Curettage (%, n) 50 (8) 72.73 (16) 0.3387 (ns)
Suture of injuries of lower genital tract (%, n) 37.5 (6) 31.82 (7) 0.7421 (ns)
Uterine tamponade/balloon tamponade (%, n) 62.5 (10) 50 (11) 0.5205 (ns)
Uterine compression sutures (%, n) 37.5 (6) 40.91 (9) 1.0 (ns)
Hysterectomy pp (%, n) 0 9.09 (2) 0.4993 (ns)
Laparotomy after vaginal delivery (%, n) 0 (0/7) 22.22 (2/9) 0.4967 (ns)
Recombinant human factor VIIa application (%, n) 31.25 (6) 100 (22) < 0.0001
Transfusion RBC before treatment (mean/SEM) 10.94 ± 2.11 8.86 ± 1.05 0.6995 (ns)
Transfusion RBC after treatment (mean/SEM) 0.69 ± 0.35 0.86 ± 0.29 0.4403 (ns)
Transfusion RBC total (mean/SEM) 11.63 ± 2.11 9.95 ± 1.05 0.8587 (ns)
Transfusion FFP before treatment (mean/SEM) 6.00 ± 1.63 6.77 ± 0.83 0.2786 (ns)
Transfusion FFP after treatment (mean/SEM) 0.00 ± 0.00 0.86 ± 0.30 < 0.05
Transfusion FFP total (mean/SEM) 6.00 ± 1.63 7.64 ± 0.85 0.1415 (ns)
Transfusion PLT before treatment (mean/SEM) 1.56 ± 0.51 1.23 ± 0.24 0.8897 (ns)
Transfusion PLT after treatment (mean/SEM) 0.06 ± 0.06 0.18 ± 0.11 0.4703 (ns)
Transfusion PLT total (mean/SEM) 1.63 ± 0.52 1.48 ± 0.29 0.7012 (ns)
Patients with RBC after treatment (%, n) 25.00 (4) 40.90 (9) 0.4898 (ns)
Patients with FFP after treatment (%, n) 0.00 (0) 31.80 (7) 0.0144
Patients with PLT after treatment (%, n) 6.25 (1) 13.60 (3) 0.6245 (ns)

Table 4  Hematologic findings 
before and after treatment

SEM standard error of the mean, NS not significant

Hematologic characteristics (mean/SEM) PPH with embolisa-
tion, n = 16

PPH without emboli-
sation, n = 22

Significance

Hemoglobin before treatment (g/l) 64.63 ± 3.57 70.05 ± 3.281 0.3004 (ns)
Hemoglobin after treatment (g/l) 96.73 ± 2.78 90.77 ± 3.22 0.1967 (ns)
Hematocrit before treatment (%) 21.47 ± 1.03 20.77 ± 0.92 0.3549 (ns)
Hematocrit after treatment (%) 28.47 ± 0.93 26.23 ± 0.96 0.0848 (ns)
Platelets before treatment (× 109/l) 120.60 ± 24.75 106.91 ± 11.79 1.0000 (ns)
Platelets after treatment (× 109/l) 149.67 ± 17.23 109.00 ± 11.84 0.0127
Fibrinogen before treatment (g/l) 1.87 ± 0.25 3.82 ± 2.15 0.9052 (ns)
Fibrinogen after treatment (g/l) 4.67 ± 0.42 4.04 ± 0.40 0.3180 (ns)
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values were estimated and, therefore, imprecise, but this 
was one parameter that accentuated the comparability of 
both groups with regard to the magnitude of the PPH. 
After the therapy, there was almost no further blood loss 
in the embolisation group compared to the control group. 
In the control group, the blood loss did not stop in half 
the women, so more blood substitutes were required in the 
group without embolisation after treatment. Women in the 
embolisation group required significantly less applications 
of factor VIIa and less applications of FFP after therapy 
[35].

Recently, with advances in radiologic intervention, the 
chances of effective bleeding control have significantly 
increased due to PAE. In addition, uterine-sparing tech-
niques do not carry significant advantageous over PAE, as 
described in a recent meta-analysis of conservative manage-
ment for PPH [36, 37]. The success rate of the procedure 
performed by experienced interventional radiologists has 
been reported to be around 90% or more in the literature [8, 
15]. In our study, the overall success rate of PAE for stop-
ping the bleeding was 100%, while one patient had bleeding 
recurrence after several hours, which could be definitively 
stopped after a second PAE. There have been some studies 
describing predictive factors for the failure of PAE for intrac-
table PPH. Sentilhes et al. reported that failure of PAE was 
associated with a higher rate of estimated blood loss (more 
than 1500 ml) and transfusion of more than 5 RBCUs [38]. 
In contrast to these studies, we reached our success rate in a 
group of women with severe PPH and with an estimated total 
blood loss of more than 4900 ml and a median transfusion 
of more than 11 RBCUs. Considering that visual assessment 
underestimates the amount of blood loss in approximately 
45% of cases [16], we agree with the findings of Ji Yoon 
Cheong, that these two predictors could not be considered 
true or useful predictive factors [37]. Recently, Kim et al. 
found that DIC was the only independent predictor of PAE 
failure [39]. In our embolisation group, we found a very low 
DIC rate, but the DIC rate in the control group was lower (0 
vs. 12.5%). These findings support the importance of triage 
in hemodynamically stable women to ensure the success of 
PAE.

During the past 20 years, the frequency of emergency per-
ipartum hysterectomy has decreased from 1/1000 to 1/2000 
deliveries in developed countries. This substantial drop 
might be due to marked improvements in medical resuscita-
tion and an increased use of conservative treatments, includ-
ing pelvic artery ligation, uterine compression techniques, 
uterine balloon tamponade (UBT), and, not least, of pelvic 
arterial embolisation [37, 40, 41].

Two postpartum hysterectomies were necessary in our 
control group, in contrast to the embolisation group, where 
no hysterectomy was required. These findings are also unani-
mously in agreement with other publications [12].

A laparotomy after vaginal delivery for either uterine 
compression sutures or a postpartum hysterectomy was nec-
essary in two women of the group without embolisation. 
On the contrary, no women in the embolisation group had a 
laparotomy after vaginal delivery.

Both procedures are associated with an increased risk of 
complications when performed as an emergency, and the 
possibility to avoid them represents a significant advantage 
for PAE [42, 43]. Moreover, the necessity of a hysterectomy 
means the loss of fertility at the same time [23, 37].

There were no major complications due to PAE. Three 
women had minor problems, one with pain in the groin, leg, 
and pelvis after the procedure and two with intrauterine syn-
echiae. The endometrial ischemia responsible for the appear-
ance of diffuse synechiae can be related to the PAE, as in the 
literature ischemic complications are described after PAE, 
most likely in cases of PAE with small sized particles [44, 
45]. However, before PAE both women received postpartum 
curettage and uterine compressive sutures, which might also 
be the cause of intrauterine synechiae in these women. In 
the literature the risk for Asherman syndrome after PAE is 
12% [46], after uterine compressive sutures 18.5% [47] and 
after postpartum Curettage even 21.5% [48, 49]. It, there-
fore, remains open what the main cause for the intrauterine 
synechiae in the two women has been.

This study has limitations, which need to be acknowl-
edged. First, the number of patients per group is limited. 
Second, and probably more important, the study design is 
retrospective and the control group is historical. Neverthe-
less, the groups are comparable regarding the most impor-
tant characteristics of PPH severity, mode of delivery and 
cause of PPH, except somewhat more uterine atony in the 
control group, which should not have a general impact on 
our results due to the small difference. A further concern 
to be raised in our study design is potential differences in 
the PPH management cascade between the groups. While 
we cannot fully exclude this potential bias, we believe it to 
be unlikely because in both groups the same algorithm as 
defined by an in-house guideline according to the recom-
mendations of the Swiss Society of Gynecology and Obstet-
rics was followed. Furthermore, the major interventions 
(prostaglandins, uterine tamponade, uterine compression 
sutures) were comparable between the groups. Third, we 
did not systematically assess unwarranted long-term effects 
of PAE on menstruation, fertility, or future pregnancy. We, 
therefore, cannot exclude long-term effects of PAE on these 
important outcomes.

Despite these limitations, which we fully acknowledge, 
our study adds important informations for the clinician on 
the effectiveness of PAE in PPH treatment as it represents 
the first controlled study of its kind. While appropriately 
powered, prospective randomized trials of PAE as a treat-
ment for PPH are of utmost need, these studies are very 
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difficult to perform, in particular in patients with severe PPH 
like those included in our study. Until results of such studies 
are available, we consider PAE as an important and prob-
ably safe treatment modality in the armamentarium of PPH 
management.

Conclusion

In summary, our study suggests that PAE offers a minimally 
invasive, fertility-preserving alternative to conventional 
surgical treatment in the management of obstetric hemor-
rhage [12]. Our results support the view that PAE should 
have a prominent place in any management algorithm of 
severe PPH. PAE in PPH seems very effective and has low 
complication rates. We, therefore, recommend PAE for the 
treatment of severe postpartum bleeding, provided that the 
woman is hemodynamically stable and interventional radiol-
ogy is readily available nearby [12].
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