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Therapeutic effect of Internal
iliac artery ligation and uterine
artery ligation techniques for
bleeding control in placenta
accreta spectrum patients: A
meta-analysis of 795 patients
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Placenta accreta spectrum (PAS) can cause complications like hysterectomy or
death due to massive pelvic bleeding. We aim to evaluate the efficacy of two
different arterial ligation techniques in controlling postpartum haemorrhage
and minimizing bleeding complications. We searched six databases. 11
studies were finally included into our review and analysis. We graded their
quality using the Cochrane tool for randomized trials and the NIH tool for
retrospective studies. Our analysis showed that internal iliac artery ligation
has no significant effect on bleeding control (MD =-248.60 [-1045.55,
548.35] P=0.54), while uterine artery ligation significantly reduced the
amount of blood loss and preserved the uterus (MD=-260.75 95% ClI
[-333.64, —187.86], P<0.00001). Uterine artery ligation also minimized the
need for blood transfusion. Bleeding was best controlled by combining both
uterine artery ligation with uterine tamponade (MD =1694.06 [1675.34,
1712.78], P<0.00001). This combination also showed a significant decrease
in hysterectomy compared to the uterine artery ligation technique alone.
Bilateral uterine artery ligation in women with placenta accreta spectrum can
effectively reduce the amount of bleeding and the risk of complications. The
best bleeding control tested is a combination of both, uterine artery ligation
and cervical tamponade. These techniques may offer an easy and applicable
way to preserve fertility in PAS patients. Larger randomized trials are needed
to define the best technique.
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1. Introduction

Placental abnormalities are a wide group of pathologies that
lead to pregnancy complications including postpartum
haemorrhage (PPH) and hysterectomy. Two of the most
commonly searched and encountered abnormalities are
placenta accreta and placenta previa. The estimated risk of
postpartum haemorrhage caused by the placenta accreta
spectrum (PAS) was 41% (1). PAS is considered the main
cause of postpartum hysterectomy (2). According to the latest
reports, 1 of every 400 pregnancies is diagnosed with placenta
accreta spectrum disorder and the incidence is increasing due
to the increased number of cesarean deliveries (CD) -its main
risk factor (3, 4). Other risk factors

maternal age, multiparity and placenta previa (3). Clark et al.

include advanced

established a significant association, which implies that the
risk of developing placenta accreta in patients with previous
placenta previa and one previous CD is 24% and the risk
increases to 67% in patients with previous placenta previa and
three or more CD (5). So far, the most generally accepted
management of PAS is cesarean hysterectomy (6).

Besides the maternal bleeding that requires immediate
blood transfusion and increases the risk of infections and
hypersensitivity reactions, the neonates may be born preterm
or of low birth weight, and their 5- minutes APGAR scores
may be reduced (7). ICU administration and longer hospital
stay are also reported (8). Prenatal diagnosis can help to
reduce both maternal morbidity and mortality (9).

In order to preserve fertility and improve maternal
outcomes, several methods were developed such as arterial
by
embolization. Uterine sutures and administration of either

occlusion  either ligation or balloon catheter or
uterotonic agents or methotrexate were also suggested (10-13).

Internal iliac artery ligation is a well-established procedure
that was first described by Kelly in 1894 (14) and since that
time, several studies investigated its effect. Multiple trials
aimed to increase its efficacy by combination with balloon
16). Evidence is

controversial about the efficacy and use of this procedure. In

catheterization or tranexamic acid (15,

this study, we aim to evaluate its efficacy by meta-analysis
and blood
transfusion, then compare it to other techniques demonstrated
in the literature. We also aim to check the safety of the
procedure by investigating its complications.

mainly in reducing maternal haemorrhage

2. Materials and methods

We followed the guidelines of Cochrane handbook of
systematic reviews (17) and the regulations of preferred
reporting items of systematic reviews and meta-analysis (The
PRISMA 2020 update) (18, 19) and MOOSE guidelines (20)
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during the conduction of this review. (A filled form of
PRISMA 2020 checklist was submitted)

2.1. Search strategy

We used MeSH terms to form the following search strategy
[(“Placenta, Retained” OR “Placenta accreta” OR “placenta
percreta” OR “ placenta increta” OR “abnormally Invasive
placenta” OR “Morbidly adherent placenta”) AND (ligation)
AND (“lliac artery” OR “hypogastric artery” OR “uterine
artery”)] to search six databases: PubMed, SCOPUS (Title and
abstract search for terms), Cochrane Central, Web Of Science,
VHL and Open Grey during the period of May 2020 and
updated our search in September 2021, for a further check,
two authors performed a manual search by screening the
references of the included studies.

2.2. Study selection

Our inclusion criteria were: All the reports which compared
artery ligation technique either internal iliac or the uterine
artery to conservative therapy or any other intervention. Trials
which included only PAS patients were included in our final
analysis. The main outcome was blood loss reported in means
and standard deviation. The accepted study designs were:
Randomized control trials (RCTs) and Cohort studies. And
thus, PICO criteria for our review shall be:

Population: Pregnant women with placenta accreta spectrum
disorder.

Intervention: Internal iliac artery ligation or Uterine artery
ligation.

Comparison: control group or any other intervention.

Outcome: Amount of blood loss and blood transfusion and any
reported complication.

We excluded case reports, conference abstracts and studies
that didn’t report our desired outcomes. All the included
studies used standard methods for limiting blood loss such as
external compression and oxytocin before residing to either
artery ligation or control therapy they also excluded patients
with history of bleeding disorders and anticoagulants. Studies
that combined other approaches with artery ligation such as
tranexamic acid or balloon occlusion were excluded from our
analysis. We have gone through two steps to select the eligible
studies, (1) Title and abstract screening (2) full-text screening,
authors were grouped into two groups and each group
performed the screening and data collection separately. The
first author resolved the disputes and compared the results
from the two groups. The second and the last authors were
primarily responsible for data analysis and writing.
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2.3. Data extraction

We extracted the data from the included studies in two
Excel sheets, in the first one, two authors extracted baseline
characteristics of the eligible patients: Age, BMI, parity,
gravidity, number of previous cesarean sections etc. and the
other contained outcomes measurement, we divided the main
outcomes into (a) Primary outcomes: Blood loss (ml) and
haemoglobin change(g/dl) and (b) secondary outcomes: Blood
of
duration of hospital stay(days) and complications such as
bladder
admission and coagulopathy. And after finishing the task

products  transfusion(units), duration surgery(min),

injuries, hysterectomy, isaventensive care unit
every two authors revised the other two authors’ work,

A. Nabhan and Y. AbdelQadir revised the entire work.

2.4. Risk of bias assessment

We used the Cochrane tool to assess the risk of bias in
randomized trials, as described in chapter 8.5. Depending on
the following items: Random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
reporting and other bias (Missing protocol or funding issues
would be considered as a source of risk), each item was
graded as high risk, low risk or unclear risk of bias.

The quality of the included cohort studies (prospective and
retrospective) was assessed by a quality assessment tool of the
National Heart, Lung, and Blood Institute (NHLBI) (21). We
used the tool for observational cohort studies included in our
final screening. This tool is composed of 14 questions to
assess the risk of bias and confounders. These questions were
answered by “yes”, “no”, “cannot determine”, “not applicable”,
or “not reported” then each study was given a score to guide
the overall rating of the quality as “good”, “fair”, or “poor”
quality.

2.5. Data analysis

We used the Review Manager Software version 5.4 to
perform the meta-analysis; the continuous outcomes were
measured as mean difference (MD) and standard deviation
(SD), and the dichotomous outcomes as risk ratios (RR) with
95% confidence interval. In case of heterogeneity (Chi-square
P value < 0.1), a random effect model was adopted, otherwise,
a fixed-effect model was employed, and we used “take one
out” method to resolve the heterogeneity, in general; the
results were considered significant if the P-value was less than

0.05.
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3. Results
3.1. Literature search

The literature search retrieved 402 citations. After title and
abstract screening, 59 Articles were retrieved for further
evaluation (full-text screening). Four randomized trials and
ten cohort studies were included. Finally, 11 studies with 759
patients were included in data extraction. (Details about the
screening process is demonstrated in PRISMA flowchart
Figure 1).

3.2. Characteristics of included studies

Baseline characteristics of the included studies including
diagnosis and history of pregnancy are shown in (Table 1).
Summary of the included studies and their results are shown
in (Table 2).

A summary of the quality assessment for the included
randomized trials (22, 23) is shown in Supplementary
appendix 1. Six cohort studies (24-28) were fair in quality
according to NIH quality assessment tool for Observational
Cohort and Cross-Sectional Studies. The other four cohort
studies (16, 29-31) and were of poor quality. For more details
and answers to all assessment questions in each study, (See
Supplementary appendix 1).

3.2.1. Internal iliac artery ligation vs. control
3.2.1.1. Blood loss

Blood loss (ml). The pooled effect estimate showed no significant
difference between ITAL and no ligation (MD = —200.07 [—-780.28,
380.14], P = 0.50). Pooled results were heterogeneous (P < 0.00001,
I’ =88%) and the detected heterogeneity was best resolved after
excluding Kostu et al. (P=0.43, ’=0%) and the effect estimate
remained non-significant (MD =15.09 [—169.81, 199.99], P=
0.87). [Figure 2(1)]

Change in HgB from baseline (g/dl). The pooled studies showed

a significant change in hemoglobin level from the baseline in
ITAL in comparison with No ligation (MD =0.37 [0.00, 0.74],
P=0.05). Pooled studies were homogenous (P=0.61, I’ = 0%)
[Figure 2(2)]

3.2.1.2. Blood products transfusion

Fresh frozen plasma transfusion (units). The pooled mean
difference showed that ITAL significantly reduced the need for
FFP transfusion in comparison with No ligation (MD = —0.81
[-1.55, —0.07], P=0.03) The studies
heterogeneous (P=0.43, I*=70%) the detected
heterogeneity was best resolved after excluding Kostu et al.
(P=0.52, I*’=0%) but the effect estimate became non-
significant (MD = —0.44 [—1.02, 0.14], P=0.13) [Figure 2(3)].

pooled were

and
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FIGURE 1
PRISMA flow chart.

Packed RBCs transfusion (units). The pooled mean difference
showed no statistically significant difference between the
two groups (MD=-0.54 [-1.98, 0.91], P=0.47).The
pooled studies were heterogeneous (P<0.0001, I*=87%)
and the detected heterogeneity couldn’t be resolved
[Figure 2(3)]

3.2.1.3. Complications

Bladder injury. The pooled risk ratio showed no statistically
significant difference in bladder injury (RR=1.07 [0.66, 1.71],
P=0.79). Pooled results were homogenous (P=0.88, I* = 0%)
[Figure 2(4)]

Frontiers in Surgery

04

3.2.2. Uterine artery ligation vs. no ligation
3.2.2.1. Blood loss

Blood loss (ml). The pooled mean difference showed that
uterine artery ligation significantly lowered the amount of
blood loss (MD =—-354.57, 95% CI [-513.59, —195.55], P<
0.0001). [Figure 3(1)] the pooled studies were homogeneous
(P=0.67, 2 =0%).

Change in HgB from baseline (g/dl). The pooled mean
difference showed that uterine artery ligation significantly
lowered the change in hemoglobin (MD =0.24, 95% CI [0.11,
0.38], P=0.0005). [Figure 3(2)] The pooled studies were
homogeneous (P =0.25, I = 23%).
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3.2.2.2. Complications
Q;g s = Hysterectomy. The pooled risk ratio showed no significant
g § E 3: difference between the two groups (RR=0.19, 95% CI [0.01,
= . 3.32], P=0.25). Heterogeneity test was not applicable
w0 [Figure 3(3)].
$%595% =24
AT g~ EH = 3.2.3. Artery ligation vs. control
The pooled studies showed no statistically significant
E » difference between Artery ligation and ligation groups (MD =
E _gb.%.o g —252.67 [-592.39, 87.05], P=0.14).The pooled studies were
5 é E = .5 heterogeneous (P =0<0000.1, I>=83%) [Figure 3(4)] and the
& E» detected heterogeneity couldn’t be resolved by removing a
N g single study.
j§ 2 = ; e g 3.2.4._ ng_atlon vs. combined uterine tamponade
g §, 2 E.- i and ligation
& 3.2.4.1. Blood loss (ml)
R _ _ ; The pooled mean difference showed that combined temponade
E _5 g ‘5 4 s ; a and ligation cause significant reduction in the amount of blood
E $2% % = Q 5 loss (MD =1694.06 [1675.34, 1712.78], P<0.00001). The
z M° % & B g’ pooled studies were heterogeneous (P <0.00001, I*=100%)
= . _ g and the detected heterogeneity couldn’t be resolved because
! ;' a 2 < only 2 studies were included in the analysis [Figure 4(1)].
2 ia | & o5 %
S 8 R ) 3.2.4.2. Hysterectomy
- - 5 The pooled studies showed statistically significant higher risk
.g g s 3 E 2 % ratio of hysterectomy in ligation group (RR=4.04 [1.74, 9.39],
& %9: = § E 3 P=0.001). The pooled studies were homogeneous (P =0.46,
§ I’ =0%) [Figure 4(2)].
e 2 @ 2
S B A B
=2 I 4. Discussion
(O]
- “ 2 " g Our results showed that Internal iliac artery ligation has no
z,, § g a E n 5 significant advantage over the control group in neither blood
= = b bt g loss (ml), haemoglobin change from the baseline nor blood
- > elements transfusion. This corresponds with the results from
5 002 S § the individual included studies. On the other hand, Uterine
-E b E 3‘ 8 artery ligation in adherent placenta patients planned to
E g 2 S g preserve the uterus showed a significant decrease in blood loss
£ and change in haemoglobin from the baseline. While the best
- 2 blood controlling result was obtained by combining both
£ 8 uterine artery ligation and uterine tamponade.
§o - N Artery ligation is used in a wide variety of operations to
-§‘ E “ é minimize bleeding; internal iliac artery ligation has been
% E N pa primarily used in women undergoing hysterectomy whilst
5 - é uterine artery ligation has been used in women to help save
T @ g fertility. For better results, surgeons should always ligate the
g 2 2 2 £ internal iliac artery distal to its posterior division. In complete
S g placenta previa cases, the placental site receives a major
: = S g %’ amount of blood from the descending cervical and vaginal
g 'g § E o g arteries. Even after ligation of the uterine artery, these arteries
s 3 g B2 8 still perfuse the lower segment which causes the haemorrhage
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1. Blood loss [ml].
AL No ligation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hussein 2018 1,632 804 25 1,698 1,251 25 19.9% -66.00 [-648.93,516.93)
Iwata 2010 37211 1932 15 4991 2980 8 51% -1270.00[-3554.76,1014.76) ¢ >
Kostu 2016 2,204 445 26 3,183 429 19 238% -979.00[1236.81,-721.19] #——
Martimucci 2018 1,266.67 941.2 11 816.66 353 26 201% 450.01 [-122.50,1022.52] »
Ono 2018 4175 1913 15 3,786.7 2,936.1 13  7.0% 388.30[-1480.59,2257.19) ¢ >
Sucu2020 993 49343 50 1,01957 549.29 46 24.2% -26.57 [1236.10, 182.96] —_—
Total (95% CI) 142 137 100.0%  -200.07 [-780.28, 380.14) —-q———
Heterogeneity: Tau®= 351344.82; Chi*= 41.53, df= 5 (P < 0.00001); F= 88% k + t {
Testfor overall effect Z= 0.68 (P = 0.50) 0 “ALbNo ,igaﬁof,bu 10
2. Change from baseline in HgB [g/dl].
AL No ligation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hussein 2018 01 109 25 -03 0675 25 54.4% 0.20(-0.30,0.70) i -
Martimucci 2018 -0.2 2 11 -08 15 26 79% 060[0.72,1.92) —
Sucu2020 -1.04 1339 50 -161 161 46 37.7% 0.57[0.03,1.17) — -
Total (95% CI) 86 97 100.0% 0.37 [0.00, 0.74] B
Heterogeneity: Chi*= 0.98, df= 2 (P = 0.61); F=0% 2 1 ) 1 i
Test for overall effect: Z=1.96 (P = 0.05) IIAL No ligation
3. Blood transfusion [Units].
AL No ligation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 FFP transfused units
Hussein 2018 08 15 25 11 19 25 269% -0.20[1.15,0.75) —e—
Kostu 2016 25 08 26 39 08 19 403% -1.40[-1.87,-0.93] -
Sucu2020 188 156 50 247 205 46 328% -0.59[1.32,0.14)] —
Subtotal (95% ClI) 101 90 100.0% -0.81[-1.55,-0.07] <>
Heterogeneity: Tau*= 0.29; Chi*= 6.67, df= 2 (P = 0.04); F=70%
Test for overall effect: Z=2.15 (P = 0.03)
2.3.2 Transfused RBCs units
Hussein 2018 086 16 25 09 19 25 265% -0.04[1.01,093] —
Kostu 2016 33 08 26 58 18 18 27.2% -250[3.37,-1.63] —
Martimucci 2018 416 313 11 233 235 26 187% 1.83[-0.23,3.89] T—
Sucu2020 214 179 50 282 218 46 276% -0.68(-1.48,012) —=
Subtotal (95% Cl) 112 116 100.0% -0.54 [-1.98,0.91] -
Heterogeneity: Tau*= 1.81; Chi*= 23.11, df= 3 (P < 0.0001), F= 87%
Test for overall effect: Z=0.73 (P = 0.47)
4 2 0 2 4
IAL No ligation
4 Bladder Injury.
HAL No ligation Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
2.4.1 Bladder injury
Hussein 2018 8 25 F§ 25 29.7% 1.14[0.49, 2.67)
Kostu 2016 10 26 8 19 39.3% 0.91[0.45,1.87)
Sucu2020 9 50 7 46 31.0% 1.18[0.48, 2.92)
Subtotal (95% CI) 101 90 100.0% 1.07 [0.66, 1.71]
Total events 27 22
Heterogeneity: Chi*= 0.25, df= 2 (P = 0.88); F= 0%
Test for overall effect: Z=0.26 (P = 0.79)
005 02 1 5 20
IIAL No ligation
FIGURE 2
Shows the result of IIAL vs. control group.
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. Blood loss [ml].

UAL No kgation Mean Diference Mean Difference
_Studyor Subgroup _ Mean SO Total _Mean SO Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C1
Elgelary 2019,A 2580 1030 48 2840 1,020 38 119% -26000}72012,200.12) o
Lin 2019 12 UTE 29 10016 4427 49 8B1% .36740536.86,19704) -~
Total (95% C1) n 87 100.0% 3545751359, 19555 e
Heterogenedy. Ch?=0.18, df=1 (P= 067), "= 0% T AT

Testfor overall efect Z= 437 (P «0.0001) UAL NoBgasen

2. Change from baseline in HgB [g\dl].
UAL No ligation Mean Difference Mean Difference
Studyor Subgroup  Mean SO Totsl Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Eigelay2019,A 17 08 48 18 05 38 190% 0104019,039
Lin2019 0263 0185 20 -0541 0238 &9 610%  0281018,037 [ |
Total (95% C1) n 87 1000%  024[0.11,038] &
Heteropeneny, Tau'= 0,00, Chi*=1.30,df=1 (P=0.25); = 23% 5 " § { 5
Yestfor overall effect 2= 350 (P 0.0009) UL Nolgaton
3. Complications.
UAL  Noligation Risk Ratio Risk Ratlo
Studyor Subgroup  Events Total Events Total Weight M.H,Random,95% CI M.H, Random, 95% CI
3.3.2 Hysterectomy
Elgelany 2019,A 0 8 0 B8 Notestmable
Lin2019 0 28 4 491000%  019(001,332 i:—
Sublotal (95% CI) n 87 1000%  0.19(001,3.32)
Total events 0 4

Haterogeneity: Not applicable
Testfor overall effect Z=1.15(P=029)

L L 1 ]
0.001 01 10 1000
UAL Noligation
4. Blood loss [ml] in ligation group vs no ligation
Ligation Na ligation Mean Difference Mean Difference
Study of Subgroup  Mean SD Totdl  Mean SD Total Weight I, Random, 95% CI IV, Randam, 95% C1
Eoelany 20104 2500 1000 48 2640 120 38 146%  -26000£72012,20002] -
Hussoin 2018 169 604 5 169 1290 25 126%  G600[BBONE60Y 2 ————t——
Mat 2010 A8 15 4991 2980 6 20% -120000}355476, 101476 # '
Koshy 2016 200 WS 2% 318 40 10 179% -OT900H123681.-T2119 —
Lin 2019 TH2 NTS 29 11006 427 49 180%  -367A0}536.86,-197.94) —
Wifmic 2018 12666 9412 11 SIGEST 363 26 127%  44093}12298.102244 i}
Ono 2018 G5 190 15 37867 203 1) 28% 268301148046, 225708 ¢ '
U020 903 40043 S0 101957 S92 4 185%  -2657F21610,18208) ——
Total (5% C) 2 2410008 25267(:592.39,87.05) —
Heterogeneit Tau?= 150920.84; ChP= 41,79, f= 7 (P « 0.00001),P= 63% TR T

Testior overal effect 2= 146 (P=0.14) Ugaton Nodgaton

FIGURE 3
Shows the result of UAL vs. control group.
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L. Blood loss [ml].

Tostfor overall effect 2=177.34 (P < 0.00001)

Ligation Uetine Mean Difference Mean Difference
Study or Subgroup  Mean SO Total  Mean  SD  Total Weight IV, Fixed, 95% C1I IV, Fixed, 95% CI
Barinov 2017 1684 177 47 1367 376 20 12% 317.00(144.62, 489.38] —
Elpetany 2019,B 4560 482 40 28685 3838 43 988% 1710.50(1691.67,1720.33) ’
Total (95% CI) 87 63 100.0% 1694.06 [1675.34, 1712.78) ’
Helerogenelly Ch= 248,07, df=1 (P <0.00001), P= 100% 21000 .53)0 s 530 moi

Ligatien Utéring temponade

Heterogenelty, Chi*= 054, df=1 (P = 0.46); I*= 0%
Test for overall effect Z= 3.25 (P=0.001)

FIGURE 4
Shows the result of ligation vs. Combined uterine tamponade and ligation.

. Complications.
Ligation Uterine temponade Risk Ratlo Risk Ratio

Study of Subgroup  Events Total  Ewvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.2.1 Hysterectomy
Barinov 2017 2% 47 2 20 421% 553(1.45,21.12) .
Elgelary 2019,8 1M 40 i 43 579%  296(1.02,854) ——
Subtotal (95% CI) 87 63 100.0%  4.04[1.74,9.39] -
Total events an 6

001 01 10 100
ngauon Utérine temponade

to continue. In this case, IIAL is favoured because it stops the
blood flow in the uterine, cervical and vaginal vessels (32).

In order to improve the efficacy of arterial ligation, several
methods were proposed. Abbas et al. investigated the addition
of Tranexamic acid to bilateral uterine artery ligation (BUAL)
in placenta previa patients and it greatly reduced the amount
of blood loss, but the risk of thromboembolism hinders its
use as prophylaxis for PPH (15). Another technique was
introduced by El Gelany et al., in which he used the cervix as
a natural tamponade through inverting the cervix into the
uterine cavity and suturing its lips to the lower uterine
segments (26). The combination of this technique with BUAL
proved to be more effective than BUAL only. In another
study by Elgelany et al,, he advised the use of the previous
technique only in patients with focal placenta accreta wishing
to preserve fertility. He also offered to leave the placenta in
place for patients with diffuse placenta accreta hoping to
preserve fertility. Further elective laparotomy to remove the
placenta is necessary, and patients may later require
embolization of the uterine artery or delayed hysterectomy
(16). The results of our study -result of artery ligation
techniques- support the recently published article by icen
et al. which discussed the experience of a tertiary hospital in
turkey which revealed that ITAL use successfully preserved
fertility in 65.9% of patients of women included. Of the 70
included placenta accreta patients, the uterus could be
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preserved in 47 patients (33). A promising approach was
suggested by Barinov et al. to preserve fertility, which reduced
blood transfusion rate by 2.4 folds. He used a combination of
BUAL and external supra placental pleated sutures with either
excision of a small area of placenta accreta or full metroplasty
and simultaneous use of intrauterine and vaginal balloon
Zhukovsky catheters. This induced greater occlusion of the
collateral circulation (29). Another novel technique is the use
of the LigaSure instruments, which uses high frequency and
low voltage electric current to occlude blood vessels, showed a
significant reduction in blood loss (34).

BAKRI balloon catheter is a very simple, easily applicable
and safe technique that helps reduce PPH (35). However,
results published by El Gelany et al. show that it offers a
nearly similar effect to the artery ligation (16). On the other
hand, our results showed that a combination of uterine
tamponade and ligation is more effective than ligation only
(P <0.00001).

Arterial balloon occlusion is another proposed technique to
decrease PPH. Its main complications are lower limb ischemia
and radiation exposure effect on the fetus. It’s commonly
done in the ILA, but results showed no significant decrease in
blood loss (36). Ono et al. suggested that common iliac artery
balloon occlusion (CIABO) decreases blood loss more
significantly than ITA occlusion because it blocks the collateral
circulation that arises from the external iliac artery during
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ischemia (31). He also found that CIABO decreases blood loss
even more than ILAL. Wei et al. tried to improve its effect by
occluding the abdominal aorta, but results showed no
significant difference from internal iliac artery occlusion (37).
The choice of a wide range of diseases for testing the
intervention was based on the available data. Many of the
included articles didn’t specify the level of placental adhesion
and future research should target the effect of the intervention
on each of the causes of postpartum haemorrhage. The
methods of blood loss estimation differed between the
included studies and some retrospective studies didn’t specify
exactly the method for estimation. In order to investigate the
effect of such differences on our results, we performed a
subgroup analysis based on the study design and the results
were similar to the primary results reported in the manuscript
which showed that such differences were unlikely to affect the
final  results and
(Supplementary Appendix 2).

interpretation  of our  analysis

Limitations of our review include 1- the limited number of
randomized trials and low sample size in some included studies.
2- Patient’s settings and baseline characteristics including the
type of PAS differed among studies and the unknown history
of bleeding disorders in some of the retrospective studies that
may have contributed to the detected heterogeneity.
3- Inclusion of retrospective cohort studies alongside RCTs.
4- No protocol registration was done for this review but the
steps for each stage are provided in details in the methods
section under supervision of experienced and published
authors.

In conclusion, uterine artery ligation can significantly
reduce the amount of blood loss and hence, preserve the
fertility of women with the adherent placenta. Combined ITAL
and tamponade is an effective way to minimize bleeding in
patients undergoing hysterectomy and might serve as an
option to preserve fertility. Larger multi-centre randomized
trials are needed to improve this combination and generalize
the fertility saving methods.
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