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Abstract

Introduction: The effectiveness of temporary uterine artery ligation (TUAL) in reduc-
ing blood loss during laparoscopic myomectomy (LM) is uncertain, despite increased
use as an adjunct to improve surgical safety. This study aims to evaluate the safety and
efficacy of TUAL in LM for the management of uterine myomas.

Material and Methods: We conducted a systematic review and meta-analysis of
comparative studies evaluating LM with and without TUAL. Electronic databases
were searched up to October 7, 2024. Eligible studies were randomized controlled
trials or observational comparative studies published in English that reported at
least one primary outcome. The primary outcomes were intraoperative estimated
blood loss and perioperative change in hemoglobin. Secondary outcomes included
operative time, number and size of myomas removed, length of hospital stay, recur-
rence, and complication rates. Data extraction and analysis were performed using
a random-effects model. This review was registered prospectively with PROSPERO
(CRD42024595684).

Results: Seven studies met the inclusion criteria, comprising five randomized con-
trolled trials and two retrospective case-control studies, with a total of 857 women
(352 undergoing LM with TUAL and 505 undergoing LM alone). TUAL was associ-
ated with a reduction in intraoperative estimated blood loss (mean difference [MD]:
-84.7mL; 95% Cl: -89.0; -80.0) and postoperative reduction in hemoglobin level (MD:
-0.4g/dL; 95% Cl: -0.7; -0.2) compared with LM without TUAL. However, TUAL was
associated with increased operative time (MD: 16.5min; 95% Cl: 3.4; 29.6).
Conclusions: TUAL appears to be a possible adjunct to LM for selected patients in the

management of uterine myomas. Our study demonstrated that TUAL with LM could

Abbreviations: BMI, body mass index; LM, laparoscopic myomectomy; MD, mean difference; RCT, randomized controlled trial; TUAL, temporary uterine artery ligation; UAL, uterine

artery ligation.
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1 | INTRODUCTION

Uterine myomas, benign mesenchymal tumors, affect over 70%
of women worldwide.>? Their growth is associated with smooth

muscle proliferation and enhanced vascularization.®

Myoma
symptoms can include heavy menstrual bleeding, abdominal pain,
and infertility, though many patients remain asymptomatic. For in-
dividuals planning for pregnancy, uterine-sparing treatments such
as hormonal therapies are the first-line approach. Alternatives
include uterine artery embolization and MRI-guided therapies
with 20% and 30.5% recurrence rates, respectively, and surgical
intervention may be warranted for patients with disease refrac-
tory to medical management.“'6 Myomectomy remains the most
effective method to treat uterine myomas, achieving symptom
improvement in approximately 80% of cases.”® Nevertheless, the
existing literature demonstrated that myomectomy is associated
with risks, including intraoperative and postoperative bleeding as
well as adhesion formation.”°

Laparoscopic myomectomy (LM) has gained popularity over
recent decades for the management of selected uterine myomas,
largely due to concerns associated with open myomectomy, in-
cluding increased intraoperative blood loss, higher blood trans-
fusion requirements, and longer hospital stays. To further reduce
the bleeding risk, uterine artery ligation (UAL) has emerged as
an adjunct approach during myomectomy. UAL during LM can
be temporary or permanent and involves occluding the artery
with clamps, catheters, coagulation, sutures, or clips, with the
equipment choice based on resource availability and surgeon
preference.!! Temporary uterine artery ligation (TUAL) provides
a reversible blockage of the uterine artery to limit intraopera-
tive blood loss, with normal uterine perfusion restored once the
procedure is completed.® Some studies have reported additional
potential benefits of UAL including reduction in residual myoma
size and a lower risk of recurrence; however, the current evidence
is limited, and further research is needed to draw a unanimous
conclusion.?

Despite TUAL appearing to be an effective approach for re-
ducing intraoperative blood loss in LM, debate continues over
bleeding risk in laparoscopic approaches with and without UAL.¢
Moreover, existing meta-analyses have primarily compared UAL
with pharmacologic treatments. Many have also combined open
and laparoscopic myomectomy or included permanent ligation,

be associated with a reduction in estimated blood loss, despite an increase in opera-
tive time. Nonetheless, further studies with a larger sample size and long-term follow-
up, as well as stratification of outcomes based on ligation technique, are warranted to
elucidate the benefits of TUAL.

intraoperative bleeding, laparoscopic myomectomy, meta-analysis, myomas, temporary uterine

Key message

Temporary uterine artery ligation is a possible adjunct to
laparoscopic myomectomy, reducing estimated intraop-
erative blood loss despite longer operative time. Further
studies with larger cohorts, extended follow-up, and
technique-based stratification are needed to better clarify

its benefits.

without performing subgroup analyses by surgical approach.®1314

Therefore, this study aims to evaluate the safety and efficacy of
LM with TUAL compared with no ligation control in the manage-
ment of uterine myomas and provide insights to guide clinical

decision-making.

2 | MATERIAL AND METHODS

2.1 | Search strategy and data sources

In compliance with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines, a comprehensive search
of several electronic databases from each database's inception to
7th of October 2024 was conducted. The databases included Ovid
MEDLINE, Embase, CINAHL, and The Cochrane Library. An ex-
perienced librarian developed and implemented the search strat-
egy with input from the study's principal investigator. Controlled
vocabulary supplemented with keywords was used to search for
studies investigating the use of TUAL in LM. The search strategy
is summarized in Appendix S1. The Preferred Reporting Items for
Systematic Reviews and Meta-analyses checklist can be found
in Appendix S2. This review was registered prospectively with
PROSPERO (CRD42024595684).

2.2 | Eligibility criteria and quality assessment

The following inclusion criteria had to be met by eligible randomized
controlled trials, retrospective or prospective studies: (1) be written
in the English language; (2) a comparative study evaluating the use
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of TUAL treatment against no ligation controls in women undergoing
LM; (3) report on at least one of the following outcomes: estimated
blood loss or change in hemoglobin perioperatively. Case reports,
case series, abstracts, conference abstracts, and studies with over-
lapping patient data were excluded. Three independent assessors
(M.MW., ZY.Z., O.M.) conducted article screening and data ex-
traction utilizing the Covidence software (Covidence.org, Software
Development, Melbourne, Victoria, Australia). Any disagreements
were adjudicated (N.E.B.) and discussed with co-authors as neces-
sary. The methodological quality of each study was assessed inde-
pendently by two authors (Z.Y.Z. and O.M.) using the Risk Of Bias
In Non-randomized Studies—of Interventions and the Risk of Bias
2 Tools.*>*¢ Differences were resolved by a third author (N.E.B.).
Results of the quality assessment of all included studies are shown
in Figure 2A,B.

2.3 | Data extraction

The following outcomes were extracted: estimated blood loss,
change in hemoglobin pre- and post-operatively, operative time,
length of hospital stay, number of myomas, size of myomas, recur-
rence rate, symptom resolution, and complications. Transvaginal/
transabdominal ultrasound and/or Magnetic Resonance Imaging
were utilized preoperatively for evaluation of the number and size

of myomas.

2.4 | Defining uterine artery ligation

In this study, TUAL is defined as a procedure that includes only
temporary uterine artery ligation, whereas UAL includes both tem-
porary and permanent uterine artery ligation. Our included studies
reduced the blood flow to the uterus by performing TUAL during the
LM; however, the tools used varied. Hiratsuka et al.® employed mul-
tifilament sutures to ligate the uterine arteries. Three studies used
titanium clips.r"*? Kwon et al.2® and Vercellino et al.?* both applied

vascular clips to the uterine arteries. Kim et al.??

used bulldog clamps
and occluded not only the uterine arteries but also the utero-ovarian
arterial anastomoses at the utero-ovarian pedicle. In all included
studies, the uterine artery was temporarily ligated near its origin
from the internal iliac artery.®Y”-22 Access to this site was achieved
via three distinct retroperitoneal approaches, chosen based on
anatomical considerations and surgeon preference. The posterior
approach, most commonly reported, involved a retroperitoneal inci-
sion above the ureter, followed by lateralization of the ureter and
TUAL.Y2122 The lateral approach involved identifying the infundib-
ulopelvic ligament and incising the pelvic parietal peritoneum.!?2°
The anterior approach entailed visualization of the bladder and an
incision in the peritoneum to trace the uterine artery to its origin.19
In two studies, the uterine arteries were isolated from the anterior
branch of the internal iliac artery by retrograde tracking of the um-

bilical ligament.®8

2.5 | Statistical analysis

Pooled means and proportions of our data were analyzed using
an inverse variance method for continuous data, which assigns
the weight of each study based on its variance. For dichotomous
data, the pooled means and proportions of our data were analyzed
using the Mantel-Haenszel method, which assigns the weight of
each study based on its variance. A direct comparison between the
two techniques was conducted by assessing studies that reported
outcomes of both treatments (two-arm analysis). The heterogene-
ity of effect size estimates across the studies was quantified using
the Q statistic and I°. The random-effects model was used in ac-
cordance with Cochrane guidelines, and a leave-one-out sensitiv-
ity analysis was subsequently performed to assess the robustness
of the results. If mean and standard deviation were unavailable,
the median was converted to a mean using the formulas from the
Cochrane Handbook for Systematic Reviews of Interventions.
Data analysis was performed using RevMan© software version 5.4
(Review Manager (RevMan®©) [Computer program]). The Cochrane

Collaboration, 2020, Copenhagen, Denmark.

3 | RESULTS

3.1 | Study selection and patient characteristics

A comprehensive search of electronic databases initially yielded
405 studies. After removing duplicates, the abstracts were screened
according to predefined inclusion and exclusion criteria, resulting
in 23 full-text articles considered suitable for further assessment.
Ultimately, seven studies, encompassing 857 women, met the cri-
teria and were included in this meta-analysis.®'’-?2 Comprehensive
details of the study selection process can be found in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Flowchart (Figure 1). Out of the seven studies included, five were

),171921-22 and two were retro-

randomized controlled trials (RCTs
spective case-control studies.®?° Out of 857 women undergoing
laparoscopic myomectomy, 352 underwent TUAL, and 505 were
controls that did not receive Iigation.é’ﬂ'22 The age of the study par-
ticipants ranged from 20 to 49 years.®'’"?2 Additionally, five studies
reported on their patients' preoperative body mass index (BMI), with
amean of 22.4 +3.3kg/m2.%171%22 These demographics and patient

characteristics are reported in Table 1.

3.2 | Risk of bias

Figure 2A,B illustrates an overview of the quality of the included
studies. Five randomized controlled trials were evaluated using the
Risk of Bias 2 tool.r"1%21-22 Jin et al.’® and Vercellino et al.?! were
classified as having a low risk of bias, while Ji et aI.,17 Kim et aI.,22
and Moratalla-Bartolomé et al.X? had a moderate risk of bias. The
two non-randomized controlled trials were evaluated using the
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FIGURE 1 Preferred reporting items for systematic reviews and meta-analyses flow chart.

Non-randomized Studies—of Interventions Tool and were both de-
termined to have a moderate risk of bias.®?° The biases in the non-
RCTs were attributed to confounding, deviations from intended
interventions, bias in the measurement of outcomes, and bias in
the selection of the reported results.®?° Nonetheless, all the stud-
ies were retained as their cohorts appeared representative with
adequate exposure and outcome ascertainment, and the studies
provided clear reports of their intended interventions, outcome
measures, and had low levels of missing data. The GRADE assess-
ment was used to assess the certainty of evidence for the effect of
TUAL on intraoperative estimated blood loss. Given the study char-
acteristics, including risk of bias, heterogeneity, and imprecision, the
result was rated as moderate certainty, indicating that the true ef-
fect is likely close to the estimated effect. The GRADE assessment

can be found in Appendix S3.

3.3 | Primary outcomes

Change in hemoglobin level was measured in three studies. 1?2122
TUAL had a smaller reduction in hemoglobin level than no ligation
controls (MD: -0.4g/dL; 95% Cl: -0.7, -0.2; t>=0.01 1% 17%). Six
studies reported estimated blood loss.®*”2%22 TUAL had less esti-
mated blood loss than no ligation controls (MD: -84.7 mL; 95% Cl:
-89.0, -80.4; z2=0.00 I?: 0%). Subgroup analysis with only RCTs
has shown similar results (MD: -85.8mL; 95% Cl: -92.8, -78.7;
72=16.1 1% 30%).1771%22 All the primary outcomes are summarized
in Figure 3.

3.4 | Secondary outcomes

The duration of surgery was recorded in all studies.**” 2 TUAL had a
longer operative time than no ligation controls (MD: 16.5min; 95% Cl:
3.4, 29.6; *=267.0 1% 86%). Subgroup analysis carried out on stud-
ies only using clips for ligation has shown no difference in operative
time between groups (MD: 13.7 min; 95% Cl: -1.8, 29.3; :2=273.3 I*:
88%).17-21 Length of hospital stay was assessed in four studies,? 22
demonstrating no difference between groups (MD: -0.01days; 95%
Cl: -0.1, 0.1; 72=0.00 I?: 0%). Three studies reported on the number

6:20.22 \ith a mean of 2.8+2.6, and all studies®'”?

of myomas, re-
ported on myoma size, which ranged from 5.6 to 7.8cm in the TUAL
group and 5 to 7cm in the controls. Pooled analysis showed no sta-
tistically significant differences for myoma number (MD: 0.2; 95% Cl:
-0.1, 0.6; 2=0.00 1% 0%) and size (MD: 0.3cm; 95% Cl: -0.1, 0.6;

17,18,20

72=0.1 I?: 37%). Three studies evaluated recurrence rates and

symptom resolution,'”*822 which demonstrated similar outcomes be-
tween the groups (OR: 0.9; 95% Cl: 0.4, 1.7; z2=0.00 I?: 0%) and (OR:
1.0; 95% CI: 0.5, 1.7; 22=0.00 I*: 0%).

Perioperative complications were evaluated in the included stud-
jes.'72122 Three studies reported on intraoperative intestinal injury,
with one incidence (0.7%) in the TUAL group, whereas no incidents
were reported in the no ligation control. Incidence of infection was
assessed in three studies*”*82! reporting two cases (0.9%) in the TUAL

1718.22 \yas assessed

group and none in the control. Blood transfusion
in three studies, reporting one case in the intervention group (0.7%)
and three in the control group (1.9%). All the secondary outcomes and

subgroup analyses are summarized in Figures 4 and 5. All sensitivity



WITKOWIAK ET AL.

AN

N

0T F9'T :[0s3U0D
0TF8T IVNL
0T F L TIp12A0

0'ZF9°Z }|03u0d
zTFeE VL
T'ZFS6Z IIBI9A0

AN

AN

6'TFT g Jouol
€F9€IvNL
6TFTE IPIAO
(@s F u) sewoAw
Jo JaquinN

'sjuUn ‘N ‘uonesi| AJayle supain Atedodwal ‘TN L (UOITEIASP pJepue]s ‘JS ‘[ell} [0J3U0D paziwopued ‘] Dy {paliodal Jou ‘YN L4932WIIUID ‘WD Xapul Ssew Apoq ‘[N g SUOIIeIAIqaY

0'T+0°G :J043u0D
STF9°GIvNL
€ TFEG II2AO
0'CFG'L:|olu0)
GTFBLIVNL
€TF9L:IPI2AO
6'TF2°9 :Jolu0)
STF9°GIvNL
L'TF6°GIbI2AO

9'T+9°9 :j03u0)
9 TFTLIvVNL
9 TF6'9 :Ipi2A0

0'CF0L:101u0]
8 TFCLIVNL
6 TFTLIDISAO
9'T+6'9 }Jo43u0)
TTFL9IVNL
6'TF8°9 i[pIaA0

T'CF9 os3u0d
0CF59vNL
TCTFT1°9:Ip12A0

(@s+wo)
9IS BWOAN

AN

8'€F0'€C

AN

geFe6ce

8CcFeETC

y'z¥eee

GEF6TC

(;w/3%) INg
aAnesadoald

8'9+8'8¢

LEFGLE

09+FCey

L'GF+8'6E

L'9FE8E

9'9FG'TE

8v+TLE

(as F1eak)
a8e ||esdanO

98 :(043u0)
08 “T¥NL
99T :pjoL

v Joi3u0)
o 1IvNL
08 ‘D301

0P }|o13u0d
6v IVNL
68 10301

TE :Jo1u0)
TE TIVNL
29 :Ip1oL

§9 :j0u0)
£9 VN1
zZeT HpIoL
1€ 0u0D)
€€ IVNL
9 :IpjoL

1z :013u0)
S VNL
92 1030l

9z|s s|dwes

Auewuan

ujeds

©210)]

€210}

eulyd

eulyd

ueder

Anuno)

VN ON :[os3u0)
sdi|o Jejnasep :TvNL

VN ON :0i3u0)
sdijoopu3 :TvNL

VN ON :jo3u0)

sdi|2 JejnaseA vN.L

VN ON :jo4qu0)

(sa14914€ UBLIBAO

-0J91N pue auLIAIN [eJ31e|iq)
sdwejo Sop||ng :TvNL
wnl3awWoAw ayj ojul
pajoaful uissaudosen N9 :yjog
VN ON :jo43u0)

sdijp wnuel | “TyNL

VN ON :j043u0)

sdi|p wniuey] yNL
wnl3awoAw ayj ojul
pa3oaful uissasdosen :yjog
VN ON :j043u0)

$24N3NSs JusWe|IHNIA TVNL

Jojesedwod
pue uoinjesi| A19ye auldin

|0J3U0d-3sed

|0J3U0d-3sed

124 (41014
124 ¥¢0¢

Apnis
9A1309ds0439Yy €10¢
12d 610¢
124 610¢C
10 £10¢C

Apnis
dAI302dsou)ay ¢ecoe
adA} Apnis ELDN

NEREXUITERIEYN

‘|e 32 swojoyieg

-e||e3eloln

‘|e 30 uomy|

‘e 30 Wiy

leja uir

eyr

‘e 3o eynsjediy

Joyjny

'sof3siia3oeIEYd Bulldseg T 379dV.L



WITKOWIAK ET AL.

(A)

Study

Risk of bias domains

0 6 0 e
© 00 00

© 00
AL ]

Domains: Judgement

D1: Bias due to confounding.

D2: Bias due to selection of participants. = Moderate
D3: Bias in classification of interventions.

D4:
D5:
D6:
D7:

Domains:

Bias due to deviations from intended interventions.
Bias due to missing data.

Bias in measurement of outcomes.

Bias in selection of the reported result.

. Low

Risk of bias domains

©
@
©
©
@

Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
Da3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.

- Some concerns

. Low

D5: Bias in selection of the reported result.

FIGURE 2 (A)Non-randomized studies—of interventions tool for non-RCT traffic light plot. (B) Risk of Bias 2 tool for RCT traffic light
plot.
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FIGURE 3 Primary outcomes. (A) Reduction in hemoglobin level (g/dL). (B) Estimated blood loss (mL).

analyses of the included results are summarized in Figures S1-S7,

which show no differences from the reported outcomes.

4 | DISCUSSION

TUAL is increasingly used as an adjunct during LM for the manage-
ment of uterine myomas to reduce intraoperative bleeding. This
meta-analysis, to our knowledge, is the first to examine TUAL in LM,
focusing solely on its effects on blood loss, hemoglobin changes,
and other perioperative outcomes without comparing it with the
pharmacological occlusion approach. Our analysis demonstrated
that TUAL reduces estimated intraoperative blood loss, with a mean
difference of 84.7mL compared with controls. Subgroup analysis
of four RCTs supported this effect, showing a mean reduction of
85.8mL in the intervention group. In addition to limiting hemor-
rhage, TUAL was associated with an increase in operative time of

16.5min, while no differences were observed in length of hospital
stay or perioperative complications.

Mechanical occlusion techniques are widely used to control in-
traoperative bleeding during LM, with their success largely depen-
dent on the surgeon's expertise.20 Laparoscopic permanent uterine
artery ligation can be performed using bipolar coagulation with su-
ture ligation, or permanent placement of titanium surgical clips.t?
Conversely, temporary clipping is a non-invasive method that en-
hances visualization and efficiency, without compromising ovarian
function and reducing the need for extensive coagulation, poten-
tially lowering the risk of adhesions.'>'*? Other transient mechan-
ical techniques include clamps, temporary sutures, or endoscopic
vascular clips made of other metals, which provide a transient ar-
terial blockage and a clearer surgical field to minimize thermal dam-
age to the myometrium.?° A potential risk of TUAL could be delayed
hemorrhage, where initial arterial closure reduces bleeding but may
lead to secondary bleeding upon reversal of TUAL. A recent study
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FIGURE 5 Subgroup analysis. (A) Blood loss (mL) excluding non-RCTs. (B) Duration of surgery (min) in UAL using clips.

investigated different surgical techniques, including TUAL for hys-
terectomy, concluding that the posterior approach to UAL was faster
than both the anterior and lateral approaches, demonstrating greater
efficiency, with no reported cases of vascular injury or vaginal bleed-
ing.23 Another has shown that the retroperitoneal UAL approach
improves efficiency and safety by allowing near-perpendicular ac-
cess, reducing estimated blood loss, and minimizing ureteral injury.
Major complications were rare (1.8%), and failure occurred in 29%,
mainly due to enlarged or distorted uteri and higher BMI.2* Despite
reassuring findings in the literature, wide confidence intervals in our
analysis and limited reporting highlight uncertainty, and the true risk
of hemorrhage, transfusion, infection, or visceral injury remains un-
clear. Taken together, these data suggest that TUAL shows promise
and warrants further prospective evaluation to clarify complication
rates across different techniques and patient populations.

LM offers advantages over other surgical approaches, including
shorter recovery, less postoperative pain, a lower risk of anemia,

adhesions, and heavy postoperative bleeding.!%'”?° TUAL can help
control intraoperative blood loss during LM, particularly in patients
with larger or multiple myomas, by providing short-term vascular
occlusion while preserving uterine and ovarian perfusion. Our meta-
analysis observed areductionin estimated blood loss, which was con-
sistent with the existing meta-analysis.?’ Its effectiveness depends
on factors such as myoma size, number, and location.” This tech-
nique can be performed using methods similar to those employed in
total laparoscopic hysterectomy without requiring additional equip-
ment.'° Rapid restoration of blood flow after the procedure helps
prevent ischemic damage and supports tissue healing.26 Uterine
artery occlusion, permanent or temporary, has long been used to
control bleeding. Tranoulis et al.?” (permanent UAL) and Sanders
et al.* (laparoscopic and abdominal myomectomy) demonstrated its
effectiveness. Mechanical occlusion techniques are widely used to
control intraoperative bleeding during LM, providing a reversible ap-
proach that improves visualization, reduces the need for coagulation,
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and minimizes thermal injury as well as adhesion formation.1%1%:19-20

In the literature, complications of TUAL are described as occasional,
including ureteric or bladder injury, which may occur when managing
difficult vascular pedicles. However, these risks can be minimized by
ligating the uterine artery at its vascular origin.28 Additionally, post-
operative bleeding and broad ligament hematoma remain potential
concerns, particularly with temporary occlusion, which may predis-

14

pose to delayed hemorrhage after reperfusion.” In this analysis,

only three included studies reported hemorrhagic outcomes, and no
significant differences were observed in the pooled analysis.'>?122
Therefore, the limited reporting restricts definitive conclusions re-
garding the true impact of TUAL on hemorrhagic risk.

Achieving hemostasis during laparoscopy remains challenging,
especially when myomas are large (>8cm) or multiple, as uterine re-
construction becomes technically demanding.17 While some experts
recommend laparotomy for myomas larger than 8-10cm or when re-
moving more than three, many minimally invasive surgeons continue
to perform laparoscopy, emphasizing the need for improved hemo-
static control. The decision ultimately depends on the surgeon's
expertise and individual factors.?>?2 However, even small differ-
ences in myoma size could still contribute to variability in blood loss,
representing potential residual confounding. Other key predictors,
such as BMI or preoperative hormonal therapy (e.g., Gonadotropin-
Releasing Hormone agonists), were inconsistently reported across
studies, limiting fully adjusted comparisons. Future investigations
should account for these factors to better evaluate the impact of
TUAL on estimated blood loss and recurrence. Although differences
in myoma size and number were not considerable in this study, they
could have affected blood loss, providing a rationale for future in-
vestigations into LM with TUAL based on these factors. Therefore,
paying closer attention to myoma sizes and numbers in future stud-
ies would help avoid confounding and enable more accurate compar-
isons between techniques.

One concern with TUAL is its potential impact on operative
time. Across studies, TUAL was associated with a mean increase of
16.5min compared with the controls. Despite the substantial het-
erogeneity among included studies, likely reflecting differences in
surgical technique and surgeon experience, this finding cannot be
overlooked. Five of the seven studies used endoscopic clips, with
four reporting titanium clips. In a subgroup analysis of the clip
studies, the mean operative time was 13.7 min, but heterogeneity
increased slightly from 86% to 88%. This suggests that variations
in surgeon experience, rather than the method of temporary occlu-
sion itself, may have contributed to longer operative times. Overall,
six of the seven studies reported longer surgery with TUAL, likely
due to the additional steps required for laparoscopic control of the
uterine artery. However, this increase was generally modest and
may be similar to the time required for hemostatic control using
other techniques, given the highly vascularized nature of myomas
and the need for meticulous bleeding management. Literature on
the subject seems to be divided, and while some reports suggest an
increased operation time of approximately 40 min,*® others indicate
no difference between groups.!”?? Moreover, a study reported that

experienced surgeons could manage the TUAL procedure with only
a 10-20min extension.’’ Despite these discrepancies, it remains
pertinent to highlight that temporary vascular occlusion does not
compromise ovarian blood supply or function.'® Unlike permanent
uterine artery occlusion, which may be associated with increased
risks of postpartum hemorrhage, preterm delivery, caesarean sec-
tion, and malpresentation,’? Our findings highlight the need to con-
sider variables such as surgeon experience and UAL complexity,
especially near the bladder and ureter. While longer surgical times
may occur initially due to the learning curve, this gap likely decreases
with experience.

Beyond its impact on blood loss, this meta-analysis found no
difference in myoma recurrence rates between TUAL and con-
trol groups.'”*82% Some studies have reported lower recurrence
with UAL, which may be due to ischemic changes restricting the
growth of smaller myomas.??”3! However, the short duration of
temporary occlusion may be insufficient to induce apoptosis or
affect regrowth, as evidenced by Ji et al., who reported no sig-
nificant difference in recurrence at 2-year follow-up (p=0.83).7
Furthermore, some authors argue that symptoms may return be-
cause very small or hidden myomas are sometimes missed during
laparoscopy. They suggest that this, rather than a failure of UAL
itself, may explain the recurrence.’”3°-3! permanent UAL reduces
blood supply to the myoma capsule, promoting necrosis and po-
tentially lowering recurrence rates, while temporary methods
allow reperfusion, which may lessen this benefit.!? Additional fac-
tors, such as age (<40years), hormonal exposure, BMI, insulin re-
sistance, and preoperative hormone therapy, may also contribute
to recurrence risk, regardless of the surgical technique.®? Further
studies are needed to examine the relationship between these
factors and myoma recurrence.

A key strength of this study is its comprehensive analysis of
TUAL in LM, providing new insights into its role in reducing intraop-
erative blood loss. The findings align with previous literature, rein-
forcing evidence for the benefits of vascular occlusion in achieving
effective hemostasis during myomectomy. According to the GRADE
assessment, the certainty of evidence for reduced blood loss with
TUAL was rated as moderate, reflecting generally consistent find-
ings tempered by heterogeneity, risk of bias, and imprecision.

Several limitations should be noted. Heterogeneity across the
included studies may introduce selection and information biases.
While five of the studies were RCTs, two were retrospective, in-
creasing the risk of confounding. Heterogeneity remained high even
in RCT-only analysis, likely reflecting differences in surgical proto-
cols and techniques.

Methodological variability further complicated direct compar-
isons. Although all studies followed similar steps for UAL, differ-
ences in ligation duration, materials (clips, clamps, or sutures), and
definitions of successful ligation varied across studies, potentially
introducing observer bias. Additionally, there was considerable
heterogeneity among the included studies regarding opera-
tive time, likely attributable to variability in ligation technique
and surgeons' expertise. Due to the small number of included
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studies (<10), assessment of publication bias using funnel plots
was not performed.

Reporting secondary outcomes was also limited. Hemorrhage, a
key measure of hemostatic effectiveness, was reported in only three
studies, and fewer than half provided detailed information on com-
plications such as vessel injuries. Other outcomes, including infec-
tion, bladder and intestinal injuries, fertility, and recurrence, were
inconsistently reported, restricting interpretation. Residual con-
founding related to myoma size, BMI, and inconsistent stratification
by myoma number may further influence both operative time and
blood loss, limiting generalizability.

5 | CONCLUSION

TUAL appears to be a possible adjunct to LM for selected patients in
the management of uterine myomas. Our study demonstrated that
TUAL with LM could be associated with a reduction in estimated
blood loss, despite an increase in operative time. However, the pro-
cedure can be technically challenging. Its safety and effectiveness
could depend on experience and may not be generalizable to all
operators. Further studies with a larger sample size and long-term
follow-up, as well as stratification of outcomes based on ligation
technique, are warranted to elucidate the benefits of TUAL.
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