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Objective: Uterine artery occlusion (UAO) is a minimally invasive approach often used to 
treat symptomatic uterine myomas. This study aimed to compare the clinical effects of 
laparoscopic UAO (LUAO) in combination with laparoscopic myomectomy (LM) with 
LM alone to treat symptomatic multiple uterine myomas.
Methods: This was a prospective observational study. In total, 122 patients with sympto-
matic multiple uterine myomas underwent LUAO + LM or LM alone between April 2015 
and October 2017. The surgical procedure time, blood loss, highest postoperative tempera-
ture, hospital length of stay, number of removed myomas, surgical complications, and 
recurrence rate of the two groups were compared.
Results: Mean blood loss was significantly lower in the LUAO + LM group compared 
with the LM group (177.97 ± 104.09 mL vs 258.10 ± 119.55 mL, p < 0.05). No 
significant difference in surgical procedure time, hospital length of stay, highest post-
operative temperature, and surgical complications was found between the LUAO + LM 
group and LM group. The number of removed myomas was considerably higher in the 
LUAO + LM group than in the LM group (4[4–7] vs 3[3–5], p < 0.05). The recurrence 
rate in the LUAO + LM group was considerably lower than that in the LM group (6.2% 
vs 25.9%).
Conclusion: LUAO in combination with LM was associated with higher surgical quality and 
lower recurrence of myomas compared with LM alone. LUAO in combination with LM is 
recommended for women with symptomatic multiple uterine myomas who wish to retain their 
uteruses.
Keywords: laparoscopic myomectomy, uterine artery occlusion, uterine myomas

Introduction
Uterine myoma is the most common female reproductive system benign tumor, with 
an incidence of 20–40% in women of reproductive age.1 Patients with symptomatic 
myomas usually suffer from menorrhagia, pelvic pain, urinary tract and/or bowel 
pressure symptoms, and infertility. The surgical approach remains the mainstay of 
treatment for symptomatic myomas.2 Although hysterectomy, a conventional treat-
ment, provided definite therapeutic effectiveness for women who did not wish to 
preserve their fertility, there is currently a trend toward retaining the uterus and 
adopting a minimally invasive approach in the surgical treatment of uterine 
myomas.1 Furthermore, with the improvement in surgeons’ skills and the develop-
ment of laparoscopic instruments, laparoscopic myomectomy (LM) has been widely 
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adopted for patients who wish to preserve their uterus 
regardless of their desire to preserve fertility.

Although LM has more advantages, such as shorter 
hospital length of stay (LOS), quicker recovery after sur-
gery, and a better cosmetic result than laparotomy, the 
morbidity related to the surgery cannot be neglected. 
Factors such as intraoperative excessive blood loss, pro-
longed operating time, and increased likelihood of myoma 
recurrence were frequently encountered. Therefore, in 
recent years, the combination of LM and permanent or 
transient laparoscopic uterine artery occlusion (LUAO) 
has been advocated. A growing body of evidence has 
confirmed that the positive clinical outcomes after LM + 
LUAO are reduced intraoperative blood loss and recur-
rence risk.3,4 However, the majority of previous studies 
focused only on uncomplicated LM based on the concep-
tion that when faced with myomas with a diameter larger 
than 8 cm or with multiple leiomyomas (>3), 
a myomectomy by laparotomy may be more 
appropriate.5,6 A more recent study found that retaining 
the uterus and adopting the minimally invasive approach 
were the most important changes in the development of 
surgical treatment of uterine myomas. Endoscopic surgery 
has gradually replaced traditional laparotomy.1

This observational study aimed to evaluate the safety 
and efficacy of LM + LUAO in the treatment of women 
with symptomatic multiple uterine myomas compared with 
LM alone.

Patients and Methods
Patients
This was a prospective observational study of patients with 
symptomatic multiple myomas that necessitated conserva-
tive surgery, which was conducted in the Center of 
Minimally Invasive Gynecological Surgery of Beijing 
Obstetrics and Gynecology Hospital between April 2015 
and October 2017. The uterine myomas were diagnosed by 
transvaginal ultrasound. Myoma characteristics, such as 
the type, number, site (anterior, posterior, fundal), and 
diameter of dominant myomas, and three diameters of 
uterine were recorded. Uterine volumes were calculated 
by the formula: (upper and lower diameter × front and rear 
diameter × left and right diameter)×0.523.The symptoms 
attributed to myomas included menorrhagia, frequency of 
urination, and a bulge-like sensation. Inclusion criteria for 
the study were as follows: two or more symptomatic 
intramural myomas (FIGO type 3,4,5,6) regardless of 

simultaneous subserosal fibroids (FIGO type 7),7 absence 
of previous abdominal or pelvic surgery, and a strong 
desire to retain the uterus. Patients were excluded if they 
had submucosal myomas or malignant conditions con-
firmed by postoperative pathological results.

Finally, 112 patients were consecutively enrolled, and 
their general characteristics (age and body mass index 
[BMI]) and maternal history were recorded. 
Preoperatively, all patients underwent a diagnostic exam-
ination to exclude other diseases. Patients who did not 
wish to preserve their fertility underwent LM combined 
with UAO (LM + LUAO group, n = 64), whereas those 
wishing to preserve their fertility were treated with LM 
alone (LM group, n = 58). All operations were performed 
by one surgeon. Written informed consent was obtained 
from each patient, and all of the patients were followed 
regularly for two years postoperatively.

Operative Procedures
All patients were placed in a dorsolithotomy position with 
the bladder catheterized. General anesthesia was induced 
with endotracheal intubation. A uterine manipulator was 
used to allow uterine movement. After a laparoscopic 
surgical field was established, the intra-abdominal pressure 
was maintained between 12 and 14 mmHg with CO2.

For the patients in the LUAO + LM group, the first 
step of the surgical procedure was bilateral occlusion of 
the uterine artery. In most cases, an incision of approxi-
mately 3 cm was made on the posterior leaf of the broad 
ligament above the uterosacral ligaments approximately 
2 cm from the uterine isthmus. Two other approaches 
can be adopted for peritoneal incisions. In the first 
approach, the incision is made in the triangle area in the 
broad ligament (enclosed by the round ligament, the infun-
dibulopelvic ligament, and the external iliac vessels), and 
in the second approach, the incision is made in the anterior 
leaf of the broad ligament (Figure 1). The choice of inci-
sion approach depends on the volume of the uterus, posi-
tion and size of dominant myomas, pelvic space, and 
formation of pelvic adhesions. When enlarged volume of 
the uterus, dominant myomas located on posterior wall, or 
formation of pelvic adhesions induced difficult expose of 
posterior leaf in the broad ligament, the triangle area or 
anterior leaf approach was adopted. Whichever approach 
was chosen, the ureter and the uterine artery were identi-
fied and carefully separated by blunt dissection. 
Subsequently, the uterine artery was thoroughly occluded 
by being coagulated with bipolar forceps with power 
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between 40 and 45 W under direct laparoscopic vision. 
The coagulation bandwidth was 1.0–1.5 cm. The charac-
teristics of the uterine artery included the location 1–2 cm 
above the ureter, diameter of 2–6 mm, tortuous shape, and 
vascular pulsation.

The LM for the patients in both groups was carried out 
as follows. First, dilute vasopressin (3 U/100 mL) was 
injected into the myometrium with an injector under 
intense vital sign monitoring. Then, an incision through 
the superficial myometrium and the pseudocapsule was 
made with a monopolar electric hook until the myoma 
was visually exposed. A screw forceps was used to fix 
and distract the leiomyoma, which was then separated 
from the uterus. The myometrial defect was repaired 
using 1–0 continuous absorbable sutures. The excised 
leiomyoma was removed by an electromechanical morcel-
lator through the 15-mm trocar site located in the right 
lower abdomen.

Evaluation Parameters
Intraoperative parameters we considered for comparing the 
two groups included surgical procedure time, estimated 
blood loss, conversion to laparotomy, number of removed 
myomas, and blood transfusion. The surgical procedure 
time was calculated from the first abdomen wall incision 
to the closure of all laparoscopic incisions, which was 

recorded by the anesthetist. Blood loss was estimated 
based on the volume of fluids collected in the suction 
minus the volume of rinsing. Several postoperative out-
comes were evaluated, such as hospital LOS, hemoglobin 
drop (HgD) at postoperative day two, and highest post-
operative temperature. Perioperative complications 
included wound infection, deep vein thrombosis, intestinal 
injuries or obstruction, and urinary system injuries.

Patients were followed up for at least two years and 
asked to return to the hospital every 3–6 months after 
surgery. The relieving of myoma-related symptoms was 
recorded, and transvaginal ultrasound was undertaken. 
Symptomatic myomas of ≥2 cm confirmed by ultrasound 
examination were regarded as myoma recurrence. The 
recurrence rate was determined at two years following 
the operation.

Statistical Analysis
SPSS Version 19.0 for Windows (SPSS Inc., Chicago, IL, 
USA) was used for the statistical analysis. All continuous 
variables were tested for normality with the Kolmogorov– 
Smirnov test. Normally distributed variables were 
expressed as mean ± standard deviation, while skewed 
variables were reported as median and interquartile 
range. The parametric independent samples t-test or the 
nonparametric Mann–Whitney U-test was used to compare 

Figure 1 Three different approaches of laparoscopic uterine artery occlusion(LUAO). (A) The anterior leaf of the broad ligament. (B) The posterior leaf of the broad 
ligament. (C) The triangle area in the broad ligament.
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the difference between the two groups. Categorical vari-
ables are presented as percentages and were compared 
using the Chi-square test or Fisher exact test, as appro-
priate. All calculated p-values were two-tailed. The level 
of statistical significance was set at a value of p<0.05.

Results
In total, 122 patients fulfilling the inclusion criteria with 
complete surgical and follow-up data were enrolled in the 
study. Of these, 64 underwent LUAO + LM, and 58 under-
went LM alone. The demographic and clinical character-
istics of patients and myoma parameters are shown in 
Table 1. There were no significant differences in gravidity, 
parity, BMI, main symptoms resulting from myomas, 
dominant myoma diameter and location, and preoperative 
hemoglobin level between the two groups.

No case required conversion to laparotomy due to 
technical difficulty or intraoperative complication. The 
surgical procedure time was not significantly different 
between the LUAO + LM group and the LM group. 
However, the amount of blood loss during the surgery in 
the LUAO + LM group was significantly less than that in 
the LM group (177.97 ± 104.09 mL vs 258.10 ± 
119.55 mL). The number of removed myomas in the 
LUAO + LM group was significantly higher compared 

with the LM group. During or immediately after surgery, 
two of the patients in the LM group required a blood 
transfusion, whereas none of the patients in the LUAO + 
LM group required one.

No major acute or delayed perioperative complications 
emerged in either group of patients. The HgD at 
postoperative day two was statistically significantly lower 
in the LM group than in the LUAO + LM group (1.33 ± 
0.98 mg/dL vs 1.75 ± 1.16 mg/dL). No differences were 
found in the average length of the postoperative hospital 
stay, the median of which was six days (range: 2–7) for the 
LUAO + LM group and six days (range: 4–9) for the LM 
group. There was a statistically significant difference 
between the two groups in the recurrence rate of myomas. 
Four patients (6.2%) in the LUAO + LM group and 15 
patients (25.9%) in the LM group had recurrent myomas 
(see Table 2).

Discussion
Although non-surgical management strategies for sympto-
matic uterine myomas, such as uterine artery embolization 
(UAE), high-frequency magnetic resonance-guided 
focused ultrasound surgery, and medical therapy, have 
been established in recent years,2,6,8 LM still is the main 
minimally invasive treatment of choice for patients who 
wish to preserve their fertility or uterine organ. However, 

Table 1 Baseline Demographic and Clinical Characteristics of 
Patients

Characteristics LUAO+LM 
(n=64)

LM (n=58) P value

Age(years) 41.20±3.93 38.89±4.40 0.030

BMI(kg/m2) 23.73(21.09–28.58) 24.21(22.86–28.32) 0.474

Gravidity 3 (1–3) 2 (1–4) 0.510

Parity 1 (1–2) 1 (1–1) 0.094

Preoperative Hg (g/dL) 11.52±1.71 11.91±1.76 0.233

Main Symptom(n.%)

Menorrhagia 32 (50.0) 24(41.4) 0.340

Frequency 20(31.2) 25(43.1) 0.175

Bulge sensation 12(18.8) 9(15.5) 0.637

Uterine volume (cm3) 236.67±116.97 197.84±90.81 0.043

Max.diameter(cm) 5.72±1.49 5.42±1.55 0.314

Dominant tumor 

location(n.%)

Anterior 23(35.9) 30(51.7) 0.079

Posterior 33(51.6) 22(37.9) 0.131

Fundal 8(12.5) 6 (10.3) 0.709

Table 2 Surgical and Postoperative Outcomes

Variables LUAO+LM 
(n=64)

LM (n=58) P value

Surgical time (min) 108.89±28.80 107.84±37.63 0.864

Blood loss (mL) 177.97±104.09 258.10±119.55 0.000

Number of removed 

myomas(n.)

4(4–7) 3(3–5) 0.000

Conversion to 

laparotomy(n.)

0 0 –

Blood transfusion(n.) 0 2 0.224

Hospital length of stay (d) 6(4–7) 6(5–6) 0.717

Perioperative 

complications(n.)

0 0 –

Highest postoperative 

temperature (°C)

37.73±0.48 37.78±0.47 0.553

Postoperative 

haemoglobin drop(mg/dL)

1.33±0.98 1.75±1.16 0.034

Recurrence rate (n.%) 4(6.2) 15(25.9) 0.003
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LM is associated with an increased risk of morbidity due 
to intraoperative excessive bleeding and post-surgery 
recurrence of symptomatic uterine myomas due to techni-
cal difficulty, especially in cases of multiple uterine 
myomas.6,9 UAO, a hemostatic technique, was introduced 
in 1999. Although some evidence has shown advantages 
of performing LUAO at the time of myomectomy, such as 
a reduction in blood loss and a lower recurrence rate,10–12 

there are conflicting results.4 Moreover, few studies have 
focused on its effect on patients with multiple uterine 
myomas. Our study aimed to explore the effect of com-
bined LUAO and LM on the management of multiple 
uterine myomas.

Although several previous studies showed conflicting 
results regarding the efficacy of LUAO in reducing intrao-
perative blood loss in LM, a more recent direct- 
comparison meta-analysis of short- and long-term out-
comes in women with symptomatic leiomyomas of 
LUAO combined with LM and LM alone has demon-
strated a significant difference in intraoperative blood 
loss, suggesting that LUAO may have a positive impact 
on minimizing blood loss.3 Our study assessed the hemo-
static effect of LUAO on LM in patients with multiple 
uterine myomas. Results showed significantly less intrao-
perative blood loss in the LUAO + LM group than in the 
LM group. Correspondingly, HgD at postoperative day 
two was significantly lower in the LUAO + LM group 
than in the LM group. Therefore, LUAO would be an 
effective hemostatic technique, especially in patients with 
multiple myomas who received more than one uterine 
incision during the operation.

The hemostatic effect of LUAO could provide many 
benefits in facilitating the surgical procedure and reducing 
morbidity associated with surgery. First, the absence of 
excessive bleeding contributed to a clearer surgical field, 
making the removal of uterine fibroids more feasible and 
thorough. This was confirmed by our study, which 
revealed that the number of removed myomas in the 
LUAO + LM group was higher than that in the LM 
group. Second, the potential electronic damage to the 
myometrium was minimized due to the reduced need for 
bipolar coagulation hemostasis, which could be conducive 
to more rapid postoperative recovery, as reported by 
Yang.11 Third, less intraoperative blood loss contributed 
to lower blood transfusion rates and related risks. 
Therefore, as an effective hemostatic technique, LUAO 
can be applied in other gynecological laparoscopic sur-
gery, such as adenomyomectomy, ectopic pregnancies in 

the cesarean scar, and complicated hysterectomy, which 
may lead to excessive bleeding.13,14

The high recurrence rate after LM remains a clinically 
challenging problem to address, particularly that of multi-
ple uterine myomas, which carry an increased risk of 
recurrence.15 Several previous studies found that LUAO 
+ LM may be more effective than LM alone to reduce the 
likelihood of recurrence.11,16,17 Our study’s findings are 
consistent with this since the LUAO + LM group had 
a significantly lower recurrence rate than the LM group 
(6.2% vs 25.9%, p = 0.003) at the two-year follow-up. It is 
currently known there are two reasons for postoperative 
recurrence of myomas. One is the growth of residual small 
fibroids that were undetectable during the operation. 
LUAO results in ischemia and hypoxia, which cause resi-
dual fibroids to become necrotic and unable to grow. 
Several research studies have revealed differences in the 
coagulation-fibrinolysis system and compensatory blood 
supply between myomas and the uterus myometrium, 
which lead to the duration of hypoxia in myomas but 
restoration of blood supply in the uterus.10,11 This may 
be the therapeutic mechanism of LUAO on myomas, 
which would account for the lower recurrence after LM. 
In addition, as shown in our study, due to the homeostatic 
effect of LUAO, a clearer surgical field facilitated a more 
thorough removal of myomas, reducing the likelihood of 
recurrence. Notably, however, the transient LUAO techni-
que was not beneficial in reducing the recurrence of myo-
mas, as reported by Jin.18 This implied that only persistent 
hypoxia-ischemia could cause necrosis of myomas.

Given that LUAO has a similar effect on ischemia of 
the uterus to UAE, which, as has been proven, may cause 
impaired ovarian function and insufficient endometrium, 
concerns regarding the negative impacts of LUAO on 
ovary reserve and fertility outcome have always existed. 
Although there is evidence supporting no impaired ovarian 
function after temporary occlusion, including normal post-
operative Doppler values of uterine arteries and anti- 
mullerian hormone and follicle-stimulating hormone 
levels,17,18 few studies have focused on permanent occlu-
sion. Some scholars suggest that whether it impacts ovar-
ian function appears to depend on the site of uterine vessel 
blockage. As reported by Lee,19 UAO combined with 
simultaneous blockage of anastomosis between the uterine 
and ovarian vessels was associated with a greater risk of 
a significant increase in follicle-stimulating hormone level 
in the first month after the operation than UAO alone, 
which may reflect diminished ovarian function.
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The true fertility consequences of undergoing LUAO 
remain inconclusive due to the lack of prospective rando-
mized controlled studies, although a few comparative studies 
have revealed no marked differences in the percentage of 
pregnancies and children born alive in the occlusion + myo-
mectomy group compared with myomectomy only.4,20,21 

However, Michal et al, who conducted a prospective non-
randomized clinical trial comparing clinical outcomes of 
women with fibroid(s) treated with UAE and LUAO,22 

found that the mean birth weight of neonates was lower 
(3270 g vs 2768 g, p = 0.013), and the incidence of intrau-
terine growth restriction was higher (13% vs 38%, p = 0.046) 
in patients who underwent LUAO despite similar results 
regarding pregnancy (69% after UAE vs 67% after 
LUAO), delivery (50% vs 46%), or abortion (34% vs 33%) 
rates. This indicated that complete closure of the main branch 
of uterine arteries in surgical occlusion might present 
a greater risk of decreased perfusion of the uterus and pla-
centa in pregnancy than more selective UAE. Therefore, it is 
currently not recommended to use this technique routinely 
outside clinical trials in patients who wish to become 
pregnant.

The main strength is the first study focusing on the effect of 
LM combined with LUAO on multiple myomas, and the 
thorough assessment of the intra- and postoperative outcomes. 
Before reaching conclusions in this study, several limitations 
should be discussed. First, this study is not prospective rando-
mized, resulting in patient selection bias. There were differ-
ences in baseline characteristics between the two groups. 
Second, we treated patients according to their future fertility 
desire, which may expose the study to a few expected biases. 
This may have induced the difference in age of patients and the 
willingness of the operator to resect more fibroids when endo-
metrial damage and uterine structure is not such a substantial 
concern. Third, the operation was performed by a single opera-
tor. Therefore, the data may not be applicable to all operators. 
In view of the aforementioned limitations, the results of our 
study should be interpreted with caution.

In conclusion, LM combined with LUAO was an effec-
tive and safe treatment for patients with multiple intra-
mural symptomatic myomas who wished to retain their 
uteruses. The procedure’s main benefits included less 
intraoperative bleeding and more thorough removal of 
myomas, which may be an important factor contributing 
to lower recurrence risks compared with LM alone. Based 
on the advantages of LUAO in myomectomy for patients 
with multiple myomas, further large multicenter prospec-
tive randomized controlled studies should be conducted.
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