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KEYWORDS Abstract Background: Postpartum hemorrhage is the leading cause of severe maternal morbidity
Atony; and death. A prompt management of uterine atony is life saving. Surgery can be needed in many
Postpartum hemorrhage; cases. Uterine artery embolization (UAE) is a safe procedure and can be tried to be alternative
Uterine artery embolization; to surgical approach.

Stepwise devascularization Objective: To evaluate the clinical effectiveness and safety of uterine artery embolization (UAE) in
B-lynch. comparison with stepwise devascularization and compression sutures in the treatment of postpar-

tum hemorrhage (PPH).

Methods: Randomized controlled parallel-group trial included twenty-three women with postpar-

tum hemorrhage who were treated with either selective embolization of the uterine arteries or step-

wise devascularization and compression sutures after failure of conservative measures.

Results: Technical success was achieved in 9 patients (81.8%) of cases with complete cessation of

the bleeding, while 2 cases (18.2%) suffered DIC and needed hysterectomy in the UAE group, while

the other group (12 patients) had stepwise devascularization and compression sutures done after

failure of the conservative measures, with 3 cases who needed hysterectomy after failure of these

methods.

Conclusions: Uterine artery embolization is a safe, minimally invasive and effective method for

treatment of postpartum hemorrhage and is alternative to surgical management.

© 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

1. Introduction

Obstetric hemorrhage continues to be the single most impor-
tant cause of maternal mortality worldwide, accounting for
25-30% of all maternal deaths, and it represents the most com-
mon maternal morbidity in the developed world (1).

Abbreviations: PPH, postpartum hemorrhage; UAE, uterine artery
embolization.
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Postpartum hemorrhage (PPH), defined as blood loss
exceeding 500 ml, is a common entity that complicates as many
as 18% of all deliveries (2).

Uterine atony is the commonest cause of postpartum hem-
orrhage (3). Placenta accreta, lower genital tract tears, retained
placental products, rupture uterus and coagulopathy are less
common causes (4).

Conservative treatment consists of vaginal packing, intake
of uterotonic drugs, and surgical repair of genital tract tears.
If the bleeding persists despite conservative measures, surgical
ligation of uterine vessels or hysterectomy is done (5).

UAE has been shown to be associated with high technical
success rates and good clinical outcomes for the treatment of
primary and secondary PPH (6).

Uterine artery embolization has several advantages, includ-
ing easy identification of the bleeding site, preservation of the
uterus and fertility, and decreased recurrent bleeding from col-
laterals with more distal occlusion of the bleeding vessels (7).

The purpose of this study was to evaluate the efficacy and
safety of management of PPH by UAE versus selective devas-
cularization and compression sutures.

2. Patients and methods

This prospective randomized trial was conducted at Ain-
Shams University Maternity Hospital. Participants were
recruited from the labor suit who developed 1ry postpartum
in the Ist 2 h after birth and no satisfactory response to med-
ical management. Exclusion criteria were as follows: history of
coagulopathy, thrombocytopenia or anticoagulant therapy,
women with HELLP syndrome or eclampsia, impaired serum
creatinine and mental conditions rendering the patient unable
to understand the nature, scope and possible consequences of
the study.

Women participating in the study were recruited during the
period between may 2011 till may 2013. The patients were ran-
domized using computer generated list (MedCalc Version
13.2.2, Acacialaan 22, Ostend, Belgium) in a 1:1 ratio into 2
groups. The randomization protocol was also concealed using
closed envelops so that each envelope contained the name of
one of the 2 options.

Approval was obtained from the ethical committee of the
department of Obstetrics and Gynecology, Ain-Shams Univer-
sity. An oral consent was obtained from each participant
before proceeding to either of the options.

Twenty-four women with atonic postpartum hemorrhage
were included after failure to respond to uterotonics.

The age range of the women included was 26-35 years with
mean age 29.5 years.

The patients were divided into two groups: Group I
included 11 patients (as one of the women refused to have
UAE) who underwent UAE while group II underwent emer-
gency laparotomy for stepwise devascularization and compres-
sion sutures after failure of conservative management. Group
one had 9 patients who delivered vaginally and 2 by cesarean
section, group 2 had 8 patients who delivered by the vaginal
route while 4 others delivered by cesarean section. The patients
were encountered in the delivery room where they were diag-
nosed as primary postpartum hemorrhage, with excessive
blood loss (more than 1000 ml) with affection of the general
condition of the patients. Vital data were recorded and

conservative measures were started in the following sequence,
giving ecbolics (10 units oxytocin IV bolus and 30 units oxy-
tocin on 500 ml saline infusion drip), uterine massage, and
bimanual compression of the uterus. If these measures failed
to control the bleeding after 15 min (blood loss still above
the average), the patients were allocated to one of the groups
(group I the UAE or group II the stepwise devascularization
and compression sutures).

If the patient was to perform a stepwise devascularization
and compression sutures, the obstetric team proceeded to a
laparotomy via a low transverse incision, and bilateral uterine
artery ligation was done using vicryl 1.0 sutures at a lower level
after downward dissection of the bladder, and if this did not
control the bleeding, compression of the uterus by B-lynch
sutures was done using vicryl 1.0 sutures. If these maneuvers
failed to control the bleeding, bilateral internal iliac artery liga-
tion was done. As a final resort if the bleeding did not stop a
hysterectomy was done. If the patient was to be randomized
to the UAE group the patient was transferred immediately
to the radiology department and the following procedure done.

2.1. Technique of uterine artery embolization

The procedures were done under fluoroscopic control using
monoplane cath-laboratory unit (Toshiba-Japan) with a 5F
sheath (TERUMO) and a 5F Cobra2 catheter (Cordis) with
a 0.35F hydrophilic guide wire (TERUMO).

In this technique the cobra catheter was advanced with the
guide wire toward the level of the aortic bifurcation then the
guide wire was withdrawn and contrast injection was done to
identify the contralateral internal iliac artery origin and then
through a road mapping; the origin of the left uterine artery
was identified and catheterized and embolization was com-
pleted by injection of gel foam pledges till stagnation of con-
trast in the main stem of the uterine artery was achieved.
After that the catheter was withdrawn after proper aspiration
and flushing was done and then the ipsilateral internal iliac and
uterine arteries were catheterized by formation of a Waltman
loop (which is a long reversed loop obtained with the cobra
catheter) and then withdrawal of the catheter to select the ipsi-
lateral (right) uterine artery and the process of embolization
started by gel foam pledges (Fig. 1) to obtain the same stagna-
tion of contrast along the right uterine artery and then control
aortogram was done to rule out any extra arterial supply and
to ensure proper embolization (Figs. 2 and 3).

The sheaths were left in place for 24 h and the patients were
transferred to the ICU.

3. Results

Among 30 women interviewed, 24 were enrolled in the study.
One patient was subsequently excluded as she withdrew her
approval to have UAE (Fig. 4).

So the two groups of women were as follows: group I
(n = 11), including women who underwent uterine artery
embolization (UAE); and group II (n = 12), including women
who underwent stepwise devascularization and compression
sutures. There were no significant differences between women
of both groups regarding initial characteristics (Table 1). Most
of the cases in both groups had primary atonic PPH (72.7%
and 75%, respectively); the remainder had either extensive
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Fig. 1  Gel foam sheet which is then cut into pledges.

Fig. 2 Thirty-two years old women presented with atonic postpartum hemorrhage after vaginal delivery. Selective right (a) and left (c)
uterine arteries catheterization with evidence of active extravasation of the contrast during the uterine artery angiogram. Angiogram of
right (b) and left (d) uterine arteries after the embolization showing disappearance of the extravasation.

lacerations or placental-site bleeding. The baseline maternal
pulse rate was slightly higher and the baseline hemoglobin con-
centration was slightly lower in women of group II; these dif-
ferences were, however, statistically insignificant. The rates of
overt DIC were comparable in both groups [2 (18.2%) vs. 3
(25%), p = 0.999] (Table 2).

Among women of group I, UAE was successful in control
of bleeding in 9 (81.8%) women, and was a failure in 2
(18.2%) women, who needed hysterectomy. UAE, therefore,
was significantly associated with almost 5-fold reduction in
the rate of hysterectomy for intractable primary PPH
[RR = 0.18, 95% CI (0.05-0.64)]. Interestingly, 2 women
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Fig. 3 Twenty-eight years old woman presented with atonic PPH after cesarean section. Selective right (a) and left (c) uterine arteries
catheterization with evidence of active extravasation of the contrast during the uterine artery angiogram. Angiogram of right (b) and left
(d) uterine arteries after the embolization showing disappearance of the extravasation.

who failed to respond to UAE and needed hysterectomy had
overt DIC, while in group II the stepwise devascularization
and compression sutures were successful in 9 patients (75%)
with 3 patients needing hysterectomy who also suffered from
DIC (25%).

The rate of postpartum fever (> 38.5 °C) was slightly (but
not significantly) higher in women of group I. The rate of com-
plications was comparable in both groups (Table 3). In group
I, complications included 1 (9.1%) case of sepsis requiring sub-
sequent hysterectomy and 1 (9.1%) case of prolonged gluteal
pain. In group II, complications included 1 (8.4%) case of
acute renal failure requiring temporary hemodialysis and 1
(8.4%) case of inadvertent bladder injury that was immediately
repaired with no late sequelae.

4. Discussion

Postpartum hemorrhage is one of the most common causes of
maternal mortality (8) and occurs in approximately 5% of all
deliveries (9,10). Conservative treatment is based on control
uterine atony by administration of uterotonic drugs and vagi-
nal packing as well as surgical repair of lower genital tract lac-
erations (11). Surgical ligation of uterine arteries or internal
iliac arteries is frequently performed when the conventional
way cannot control the bleeding. In 50% of the patients with
severe postpartum hemorrhage, the ligation of internal-

iliac-artery may not be effective in controlling bleeding as pro-
posed by three groups of researchers (12—14). This is due to the
fact that blood flow in the distal vessel is only decreased by
48% due to the presence of multiple collateral vessels in the
distal internal iliac artery (15). Uterine artery ligation is more
effective especially in management of uterine atony; however,
it is less effective in the presence clotting disorders or placenta
accreta (16,17).

Hysterectomy is done if conservative measures have failed
to stop the bleeding. This procedure has high morbidity rates
and leads to loss of subsequent fertility (18).

The embolization of uterine arteries was initially performed
to control tumor (19.20) or traumatic (21) bleeding and
recently embolization has been used for treatment of uterine
myomas (22). The first case of percutaneous arterial emboliza-
tion for postpartum hemorrhage was reported by Brown et al.
in 1979 (23). These researchers catheterized and embolized a
pudendal artery. Embolization of uterine arteries, vaginal
arteries, pudendal arteries and ovarian arteries was reported
in the literature (24,25). When a surgical procedure was per-
formed before embolization, arteries such as lumbar, sacral,
medial circumflex, or pelvic arteries were also embolized
(26,27).

According to our study, the most common cause of
postpartum hemorrhage is uterine atony as reported in the lit-
erature (3).
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Assessed for eligibility

Excluded (n = 6)

Not meeting inclusion criteria

(n=4)

Refused to participate

Randomized (n = 24)

Allocated to UAE
(n=12)

Received allocated intervention
(n=11)

Did not receive allocated

Allocation

intervention (n = 1)

Withdrew her approval

Lost to follow up

(n=0)

Follow up

Discontinued intervention (n
=0)

Analyzed (n =11)

Excluded from analysis

(n=0)

Allocated to Surgery

(n=12)

Received allocated
intervention (n =12)

Lost to follow up
(n=0)

Discontinued intervention (n
=0)

Analyzed (n =12)
Excluded from analysis

(n=0))

Fig. 4 CONSORT diagram showing the flow of participants through each stage of a randomized trial.

In the current study, embolization was done using the gel
foam to ensure transient devascularization in order to preserve
the fertility of the patients. Moreover, clotting disorders gener-
ally improved rapidly after embolization.

All patients in the UAE group were treated by a symmetri-
cal bilateral embolization in one session. Vascular spasms were
encountered in our study in 20% of the patients and have
been reported in other studies (25). These make selective

catheterization more difficult and seem more frequent in
women who have been treated with adrenaline.

We injected vasodilator agent through the catheter into the
spastic artery to relieve the spasm and permit selective catheter-
ization, as we reported in one patient. Also we stopped vasopres-
sor infusion at the beginning of embolization to limit spasms.

Our 81.8% success rate can be compared with the 85-95%
success rates reported in previous series (25,27,28).
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Table 1 Difference between Groups regarding Initial Characteristics.

Group I
[UAE Group]

Group II P
[Stepwise devascularization and
compression sutures group]

(n=11) (n = 12)
Age (years) 29.54 + 4.41 29.92 + 3.60 0.827°
BMI (kg/m?) 26.21 + 2.60 27.42 + 4.75 0.463”“
Parity 2 (2-3) 3 (2-3) 0.081"
Mode of delivery o
Vaginal delivery 9 (81.8%) 8 (66.7%) 0.725"
Cesarean delivery 2 (18.2%) 4 (33.3%)
BMI, body mass index [calculated as weight (kg) divided by squared height (m?)].
UAE, uterine artery embolization.
Data presented as mean + SD; median (interquartile range); or number (percentage).
* Analysis using independent Student’s ¢-test.
™ Analysis using Mann—Whitney U-test.
™ Analysis using chi-squared test.
Table 2 Difference between Groups regarding Baseline Pulse Rate and Hb Concentration.
Group I Group II P
[UAE group] [Stepwise devascularization and
compression sutures group]
(n = 11) n=12)
Pulse rate (bmp) 120 (100-125) 125 (110-135) 0.1 13
Hb concentration (g/dl) 7 (6-7) 6 (5-7) 0.152"
Overt DIC 2 (18.2%) 3 (25%) 0.999"
Hb, hemoglobin.
DIC, disseminated intravascular coagulopathy.
Data presented as median (interquartile range).
* Analysis using Mann—Whitney U-test.
™ Analysis using chi-squared test.
Table 3 Difference between groups regarding complications and postpartum fever.
Group I Group II P
[UAE group] [Stepwise devascularization and
compression sutures group]
(n=11) (n=12)
Complications 2 (18.2%) 2 (16.7%) 0.9997?:
Fever (>38.5°) 3 (27.3%) 2 (16.7%) 0.912"
Hysterectomy 2 (18.2%) 3 (25%)

Data presented as number (percentage).
* Analysis using chi-squared test.

In our study, clotting disorders improved rapidly after
embolization, as mentioned in other reports. Pelage et al. in
their study hypothesized that embolization of the uterine arter-
ies initiates uterine contractions which lead to liberation of
procoagulant factors into circulation. Embolization could be
considered as a site-specific treatment to break the vicious cir-
cle of acute hemostatic and vascular disorders (25).

No major complications were observed in our series, but
only minor complications including fever which was found in

3 patients. One patient suffered from sepsis requiring hysterec-
tomy 2 months later and one patient suffered gluteal pain.
Local hematomas and pelvic pain are minor complications
reported in the literature (29). The major complications
reported in other series included perforation of the
external iliac artery small-bowel infarct (27) and vaginal
abscess (29).

In our study, menstruation resumed in all patients as men-
tioned in the literature (28,30) and one patient got pregnant
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which confirms the preservation of maternal fertility after uter-
ine embolization as reported in the literature (25,30).

Our study confirms that embolization is a safe and effective
technique for treatment of severe postpartum hemorrhage and
that this measure of treatment should be proposed before sur-
gery. The most important advantage of uterine embolization is
the preservation of the uterus particularly in women desiring
another pregnancy. Transient occlusion of uterine arteries by
temporary occluding material as gel foam can be considered
as an advantage to definitive surgical ligation. Furthermore,
the improvement of clotting disorders after embolization is
another advantage. The improvement of multidisciplinary
treatment for postpartum hemorrhage is necessary to allow a
rapid decision to perform embolization; this change would
probably increase the number of patients that could benefit
from this minimally invasive treatment.

5. Conclusion

We concluded that uterine artery embolization is an effective
tool in the management of post-partum hemorrhage.
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