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ORIGINAL ARTICLE

The role of prophylactic internal iliac artery ligation in abnormally invasive
placenta undergoing caesarean hysterectomy: a randomized control trial

Ahmed M. Husseina, Dina Mohamed Refaat Dakhlya, Ayman N. Raslana, Ahmed Kamela, Ali Abdel Hafeeza,
Manal Moussaa, Ahmed Samir Hosnyb and Mohamed Momtaza

aDepartment of Obstetrics and Gynaecology, Cairo University, Cairo, Egypt; bDepartment of Vascular Surgery, Cairo University,
Cairo, Egypt

ABSTRACT
Objective: To identify the role of bilateral internal iliac artery (IIA) ligation on reducing blood
loss in abnormally invasive placenta (AIP) undergoing caesarean hysterectomy.
Methods: In this parallel-randomized control trial, 57 pregnant females with ultrasound features
suggestive of AIP were enrolled. They were randomized into two groups; IIA group (n¼ 29 cases)
performed bilateral IIA ligation followed by caesarean hysterectomies, while Control group
(n¼ 28 cases) underwent caesarean hysterectomy only. The main outcome was the difference in
the estimated intraoperative blood loss between the two groups.
Results: There was no significant difference between the two groups regarding the intraopera-
tive estimated blood loss (1632±804 versus 1698±1251, p value .83). The operative procedure
duration (minutes) (223±66 versus 171±41.4, p value .001) varied significantly between the
two groups.
Conclusions: Bilateral internal iliac artery ligation, in cases of AIP undergoing caesarean hysterec-
tomy, is not recommended for routine practice to minimize blood loss intraoperatively.
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Introduction

Abnormally invasive placenta (AIP) is a recent term
that describes cases with complete or partial failure in
the separation of the placenta from the uterine wall
following delivery of the fetus [1]. AIP has become a
recognized cause for the increase in maternal morbid-
ity and mortality in both low and high-income coun-
tries [2]. The associated maternal morbidity includes
surgical complications as urologic and bowel injuries,
infection, fistula formation, and systemic complications
associated with massive blood loss and transfusion. On
the other hand, there is a steep rise in maternal mor-
tality reaching 7% in cases associated with AIP [3].

Over the last three decades, the incidence of AIP
has significantly increased to one in 533 deliveries in
the USA [4] and one in 800 deliveries in UK [5]. The
most important risk factor associated with the inci-
dence of AIP is the previous caesarean section (CS)
delivery, which has recently increased all over the
world [4]. Another additional risk factors are the occur-
rence of placenta previa in a previous CS delivery,
as well as any procedure that results in uterine
scars: uterine curettage, manual delivery of the

placenta, postpartum endometritis and previous hys-
teroscopic surgery, endometrial resection, and uterine
artery embolization (UAE) [6–8].

According to the American College of Obstetricians
& Gynecologists (ACOG) preterm planned cesarean
hysterectomy (CH) without attempted placental deliv-
ery is the recommended technique for management
of AIP [9], in order to reduce the complications such
as massive bleeding, risks of disseminated intravascular
coagulation, infection, acute respiratory distress syn-
drome, renal failure, and death [10–12].

Cesarean hysterectomy (CH) for AIP is considered as
one of the most challenging surgeries: with an average
mortality rate of 4.8% for emergency peripartum hys-
terectomy. Although lower mortality rates may be
recorded in elective than emergency surgery, still CH
for AIP remains the most difficult obstetric sur-
gery [13].

Various attempts have been tailored to reduce
intraoperative bleeding, the major cause of mortality
from CH. The primary focus of the adopted techniques
was to reduce the pelvic circulation, supplied mainly
from the internal iliac arteries or their branches
[14,15]. This was based on the data from the studies
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performed by Burchell, which showed that internal
iliac arteries ligation (IIAL) decreased pelvic blood flow
by 49% and pulse pressure by 85%, resulting in con-
verting an arterial system into a venous one, thus facil-
itating clotting in the terminal branches [16].

The available techniques described include: pre-
operative catheterization with intraoperative balloon
occlusion, ligation or embolization of the internal iliac
arteries’ main trunk or their anterior division alone.
Although a number of studies have been conducted,
the results are still controversial [17].

The aim of this study was to detect the role of
bilateral internal iliac artery ligation in minimizing
blood loss, prior to performing CH in cases with con-
firmed intraoperative diagnosis of AIP.

Materials and methods

This parallel-randomized control trial was conducted
in Kasr Al-Aini hospital, Cairo University, Egypt, from
April 2016 to April 2017. Kasr Al-Aini hospital is con-
sidered the main tertiary center where an average
of 18,000 deliveries are conducted yearly, including
an annual rate of CS delivery of about 39%. Prior
to the initial start of the trial, the approval of the
ethical committee “Institutional Review Board”
was obtained.

Cases, suspected to have AIP, were recruited from
the outpatient clinic, and subsequently transferred for
transabdominal and transvaginal ultrasonography, per-
formed by specialist sonographer (AMH) using GE
Voluson E10 ultrasound machine (GE Healthcare ultra-
sound, Milwaukee, WI). Cases showing evidence of AIP
in the form of: multiple lacunae, loss of the hypoe-
choic retroplacental zone, and abnormalities of the
uterine serosa–bladder interface [18,19], were included
in the study. Cases referred for ultrasonographic scan
and did not show signs of AIP were excluded from the
study. The exclusion criteria also included: (1) focal
accrete cases (focal accrete cases were diagnosed pre-
operatively based on detailed ultrasonographic assess-
ment showing a localized invasion of the placenta
with underlying myometrial invasion), in which conser-
vative management was tried as a primary approach,
(2) cases with high risk of intraoperative blood loss as
hemorrhagic disorders (hemoglobinopathies, thrombo-
cytopenia), cases on anticoagulant therapy, etc., (3)
cases of AIP requiring immediate termination as severe
bleeding in the emergency department, (4) those with
associated medical disorders as diabetes, hypertensive
disorders, cardiac disease, etc., and, (5) finally cases
who refused to get enrolled in the study.

The study was thoroughly explained to pregnant
females who fulfilled the inclusion criteria, and then a
verbal and written consent was obtained.

Sample size calculation

Our study planned to utilize a 1:1 independent case to
control ratio. We planned to measure a continuous
response which is estimated blood loss, and according
to the work done by Iwata et al. [20], the difference in
means between the two groups was 1270, with a
standard deviation of 1545. The power was set at 0.8
and type I error probability to reject the null hypoth-
esis was 0.05. This gave us 24 subjects in each study
arm and allowing for 5% dropouts, we increased the
enrollment in each arm to 25 volunteers. Sample size
was calculated using PS Power and Sample Size
Calculations software, version 2.1.30 for MS Windows
(Dupont and Vanderbilt, Nashville, TN).

The enrolled cases were randomly allocated into
two groups with the use of computer-generated ran-
dom number tables and opaque sealed unlabeled
envelopes, each containing a unique study number.
The vascular surgeon (ASH) was present in each case
as opening of the envelope was done on the day of
the surgery. Internal iliac artery (IIA) group included
cases that would undergo bilateral internal iliac
arteries ligation (IIAL) prior to CH, while Control group
underwent CH only.

Planned elective CH was performed between 34
and 36 weeks of gestation according to the gestational
age as calculated from the first day of last menstrual
period or the first trimesteric ultrasound scan.

Preoperative preparation

This included full history taking including detailed his-
tory of previous deliveries and gynecological proce-
dures. This was followed by general examination
including weight, height, body mass index (BMI) as
well as measuring the blood pressure. Obstetric exam-
ination and ultrasound imaging was then performed.

Full investigations in the form of complete blood
picture (CBC), complete urine analysis, and other spe-
cific investigations individualized. Prepared matched
fresh blood units [2–4] as well as packed blood [4–9],
frozen plasma and cryoprecipitate were also prepared
for each case.

Operative procedure

All cases underwent general anesthesia by a special-
ized team. The operation started with midline skin
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incision and careful dissection till exposing the uterus
(Figure 1).

The fetus was extracted through classic upper CS
incision. The umbilical cord was cut short and closed
by Kocher clamp, uterotonics (10 units of oxytocin)
were given and the placenta was left to separate for
20 minutes, If the placenta separated, the cases were
excluded from the final analysis, on the other hand, If
the placenta failed to separate, the incision was closed
by four towel clips, the uterus was then exteriorized.

Ligation of the bilateral internal iliac arteries

This occurs if the patient was found to belong to IIA
group. Before performing the ligation, bilateral check-
ing of the femoral pulsations was done. A specialized
single vascular surgeon (ASH) performed the proced-
ure in all the cases, which started by opening the pos-
terior peritoneum overlying the bifurcation of the
common iliac arteries. Then careful dissection of the
internal iliac artery was carried out on each side and
single ligation procedure using Vicryl 1.0 (Figure 2).
Any bleeding point was controlled either by hemo-
static sutures or diathermy. Re-checking of the femoral
pulsation of both sides was performed.

CH was then performed without any attempt to
remove the placenta. Before closure of the parietal
peritoneum, two intraperitoneal were inserted in all
cases. Our protocol was postoperative admission to
intermediate care unit for 24 hours with continuous
monitoring of the vital signs, full laboratory investiga-
tions and monitoring the output of the intraperitoneal
drains as well as the urinary catheters. Following the
completion of the CH procedure, the uterus was sent
for histopathological examination of the specimen to
confirm AIP. Postoperative follow up for cases was car-
ried out on scheduled weekly basis till the end
of purpureum.

The primary outcome was the estimated intraopera-
tive amount of blood loss, which was calculated,
according to Kamel et al. [21], by adding the net vol-
ume of blood in the suction apparatus (which is the
volume of blood collected in the suction apparatus,
excluding the volume of liquor collected, this was
done by meticulous recording of the blood volume in
the suction apparatus before opening the uterus and
then calculating the exactly added amount of liquor,
so that it becomes excluded from the calculation) to
the calculated volume of blood obtained from the pre-
and postoperative difference in weight of the towels
and drapes placed beneath the patients, using the

Figure 2. Showing bilateral internal iliac artery ligation.Figure 1. Shows the uterus exposed after performing midline
skin incision.
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following formula: (WET Item Gram Weight – DRY
Item Gram Weight¼milliliters of blood within the
item) [22].

The secondary outcomes included the operative
procedure duration; starting from the skin incision till
complete closure of the skin incision (minutes), the
intraoperative complications as urinary bladder or
ureteric injuries, postoperative complications as ICU
admission, need for transfusion of blood or blood
products, the incidence of DIC, or wound infections,
and the duration of hospital stay (days).

Statistical analysis

Data were statistically described in terms of
mean± SD, median and range, or frequencies (number
of cases) and percentages as appropriate. Comparison
of numerical variables between the study groups was
done using Student’s t-test for independent samples
in comparing two groups when normally distributed

and the Mann–Whitney U test for independent sam-
ples when not normally distributed. The v2 test was
used to compare categorical data. Fisher’s exact test
was used when the expected frequency was <5.
A p-value <.05 was considered statistically significant.
All statistical calculations were done using SPSS soft-
ware (SPSS, Chicago, IL, USA), version 15 for MS
Windows (2006).

Results

One hundred forty-six patients with ultrasound fea-
tures of placenta previa were referred to determine
the presence of AIP or not (Figure 3) and subsequently
were primarily assessed for eligibility. Thirty-seven
patients refused to participate in the study and
52 patients lacked the criteria of AIP. So, this left
57 patients, randomized into two groups; group A (IIA
group, n¼ 29), and group B (Control group, n¼ 28).
Furthermore, intraoperatively in cases where the

Assessed for eligibility (n= 146) 

Excluded (n= 89) 
♦ not meeting inclusion criteria (n=52) 
♦ declined to participate (n=37) 

Analysed (n=25)  
♦ Excluded from analysis (n=0)

Lost to follow-up (n= 0) 

(Internal iliac artery ligation group)(n= 29) 

♦ Received allocated intervention (n= 25) 
♦discovered not to be AIP intra-operatively 
 (n=4)

Lost to follow-up (n= 0) 

(Control group)(n=28) 

♦ Received allocated intervention (n=25)
♦ discovered not to be AIP intra-operatively 

(n= 3)

Analysed (n= 25)  
♦ Excluded from analysis (n=0)

Allocation

Analysis

Follow-Up

Randomized (n=57) 

Enrollment 

Figure 3. CONSORT 2010 Flow Diagram.
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placenta separated, were excluded from analysis (four
in IIA group, and three in Control group). Thus, 50
patients were finally analyzed, 25 patients in
each group.

The demographic criteria of the two groups were
presented in Table 1, showing no significant differ-
ence. While Table 2 showed the difference between
the two groups regarding the intraoperative details.
There was significant difference in the duration of
the operative procedure (minutes) between the IIA
group and the Control group (223 ± 66 versus

171 ± 41.4, p¼ .001). No other significant difference
was detected between the two groups. Regarding
the postoperative follow up of the patients, Table 3
showed no significant difference between the two
studied groups.

In the seven cases, where the placenta completely
separated, no internal iliac artery ligation was per-
formed. In those seven cases, following placental deliv-
ery, the underlying myometrium was very thin.
Consequently, three underwent CH for postpartum
hemorrhage, after failure to control the bleeding. On
the other hand, the four other cases underwent trim-
ming of the myometrium, followed by closure of the
uterine incision.

There were no cases of DIC, ureteric injuries or
postoperative ICU admission. In the internal iliac liga-
tion group, there was two cases of internal iliac vein
injury, that were immediately corrected, a case of para-
lytic ileus, as well as a case which was explored on the
same day postoperative due to increase in the fluid
collected in the drain reaching 1000 cc in 6 hours, dia-
thermy coagulation of the bleeding points and

Table 1. The demographic criteria of the two com-
pared groups.

Characteristics
IIA group
(n¼ 25)

Control group
(n¼ 25) p value

Age (years) 33.7 ± 3.8 31.4 ± 4.6 .06
Gravidity 4.5 ± 1.05 4.7 ± 1.2 .38
Parity 3.4 ± 1.1 3.5 ± 1.06 .75
Previous abortions 1.08 ± 0.9 1.3 ± 0.8 .41
Gestational age by dates (weeks) 36 ± 0.9 36.1 ± 0.7 .65
Previous caesarean incision 3.2 ± 1.2 3.24 ± 1.2 .96
Preoperative Hb (g/dl) 10.9 ± 0.8 10.6 ± 0.6 .22

g/dl: gram/decilitre; Hb: hemoglobin; IIA: internal iliac artery; n: number.
Values are expressed in mean ± SD; or in n (percentage).

Table 2. Intraoperative criteria of the two compared groups.
Characteristics IIA group (n¼ 25) Control group (n¼ 25) p value

Duration (minutes) 223 ± 66 171 ± 41.4 .001�
Total number of patients requiring transfusion: 22, 88% 21, 84% 1.00
Number of patients receiving packed RBCs 10, 40% 8, 32% .77
Units of transfused packed RBCs 0.68 ± 1.6 (0–7) 0.9 ± 1.9 (0–8) .96
Number of patients receiving fresh blood 21, 84% 21, 84% 1.00
Units of transfused fresh blood 1.2 ± 0.9 (0–4) 1.3 ± 0.8 (0–3) .74
Number of patients receiving plasma 8, 32% 9, 36% 1.00
Units of transfused plasma 0.9 ± 1.5 (0–5) 1.1 ± 1.9 (0–7) .69

Estimated blood loss (cc) 1632 ± 804 1698 ± 1251 .83
Bladder injuries 8, 32% 7, 28% 1.00

IIA: internal iliac artery; n: number; RBCs: red blood cells.
Values are expressed in mean ± SD (range); or in n (percentage).�p value is significant if <.05.

Table 3. Postoperative criteria of the two compared groups.
Characteristics IIA group (n¼ 25) Control group (n¼ 25) p value

Hb postoperative 12 hours (g/dl) 10.13 ± 0.81 10.24 ± 0.32 .57
Hb postoperative 24 hours (g/dl) 10.08 ± 0.75 10.09 ± 0.31 .94
Hb postoperative 48 hours (g/dl) 9.94 ± 0.66 10 ± 0.24 .54
Total number of patients requiring transfusion 4, 16% 3, 12% 1.00

Number of patients requiring transfusion of packed RBCs 4, 16% 2, 8% .66
Number of transfused packed RBCs units 0.28 ± 0.68 (0–2) 0.32 ± 1.41 (0–7) .89

Number of patients requiring transfusion of fresh blood 2, 8% 3, 12% .17
Number of transfused fresh blood units 0.48 ± 0.92 (0–4) 0.2 ± 0.58 (0–2) .2

Number of patients requiring plasma 2, 8% 2, 8% 1.00
Number of transfused plasma units 0.2 ± 0.82 (0–4) 0.56 ± 2.12 (0–10) .43

Platelets transfusion (units) 0 0.24 ± 1.2 .32
Others 0 0.16 ± 0.8 .32
Drain 1 output (cc) 171.2 ± 1.33 126 ± 64.87 .13
Drain 2 output (cc) 138 ± 139.82 85.2 ± 83.37 .11
Urine output (cc/h) 115.4 ± 23.5 140 ± 42.82 .01�
Wound infection 1, 4% 3, 12% .61
Hospital stay (days) 9.84 ± 4.15 8.24 ± 3.24 .13

g/dl: gram/decilitre; Hb: hemoglobin; IIA: internal iliac artery; n: number; RBCs: red blood cells.
Values are expressed in mean ± SD (range); or in n (percentage).�p value is significant if <.05.
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hemostatic sutures were applied on the stump to
secure the bleeding.

Discussion

This study showed that bilateral internal iliac artery
ligation, as an intervention to decrease the blood loss
during CH for AIP, is not beneficial. In fact, it increased
the operative duration time significantly when com-
pared with the control group, with no significant
impact on intraoperative or postoperative blood loss.
To the best of our knowledge, this is the first parallel
randomized control trial to study the impact of bilat-
eral IIAL on the amount of blood loss during CH
for AIP.

In agreement with the results of this study, a study
conducted by Levine et al., showed that performing
preoperative balloon occlusion of the pelvic artery
(either internal iliac artery, its anterior division, or the
uterine artery) in cases diagnosed with placenta
accrete, before undergoing cesarean hysterectomy did
not improve the outcome in the five included cases
[22]. Another previous performed case control trials
showed that IIAL did not reduce morbidity, estimated
blood loss or the need for large volume blood transfu-
sion among antenatally diagnosed cases of AIP and
concluded that prophylactic ligation in cases of AIP is
not recommended [23,24]. This can be attributed to
the fact that branches of external iliac artery can still
supply the paravesical and vaginal areas after IIAL,
which would explain the failure of IIAL in controlling
the bleeding in AIP [25].

This was also confirmed by the another trial which
performed bilateral occlusion of the common iliac
arteries by balloon catheter inserted through bilateral
femoral artery approach and proved that this proced-
ure helped to reduce blood loss to an average of
800 cc intraoperatively [26], which proves that external
iliac artery branches can play a major role in pel-
vic hemorrhage.

In a review of the possible management of AIP,
they concluded that IIAL is not only not successful in
controlling placental site bleeding in cases AIP, but
also it delays the definitive treatment required in these
cases [27]. This was demonstrated in this trial, as there
was a significant difference in the operative procedure
time in comparison with the control group (223± 66
versus 171± 41.4, p¼ .001), with no significant impact
on the blood loss intraoperatively. The strength of the
study lies in being the first randomized control trial to
compare between the ligation and non-ligation of
internal iliac artery in cases of AIP undergoing CH.

On the other hand, the study has a number of limi-
tations: (1) the technique of IIAL itself could have been
replaced by balloon occlusion, unfortunately this tech-
nique is not available in our radiological department
and consequently could not be elicited, (2) adopting
CH as a primary line for managing cases of AIP,
although different trials have been discussing the role
of conservative and extirpative methods as available
measures that can be utilized to preserve the future
fertility of the patients. This can be thoroughly
explained, in our community, cases presenting with
AIP are those with previous three or more CS, so they
have already completed their families and no need to
be exposed to the risk of sepsis and bleeding from
conservative or extirpative method. Furthermore, extir-
pative method of management entails either long hos-
pital stays (which is actually not feasible, due to the
high number of patients and limited number of avail-
able beds), or the patients actually living or staying
near the hospital through-out the follow up period
(which is too, not applicable) as the study was carried
out in a tertiary center, with cases coming for manage-
ment from all-over Egypt.

We recommend future studies on larger number of
patients and using the balloon occlusion procedures
for the common iliac vessels, to demonstrate its
impact on controlling the pelvic hemorrhage dur-
ing CH.

This study concluded that prophylactic ligation of
IIA, prior to CH, in cases diagnosed with AIP, is not
recommended for routine practice.
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