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a b s t r a c t

Objective: We intended to identify the risk factors of intraoperative hemorrhage on occasions of a
combined operation of myomectomy with cesarean section for patients with uterine leiomyoma.
Materials and methods: A retrospective cohort study was done of all patients who underwent cesarean
myomectomy for intramural leiomyoma at a single university hospital. Cases identified with subserosal
leiomyoma, placental disorder, and comorbid conditions related to coagulopathy were excluded. All the
included cases were classified into intraoperative hemorrhage and non-hemorrhage group. Obstetric and
demographic factors and parameters of leiomyoma were compared between two groups.
Results: A total of 302 women underwent cesarean myomectomy during the study period. Among these
women, 212 pregnant women met the inclusion criteria. Intraoperative hemorrhage occurred in 43
women (20.3%). There was no significant intergroup difference in the number of removed leiomyomas.
Multiple logistic regression analysis demonstrated that lower segmental location (odds ratio [OR], 2.827;
95% confidence interval [CI], 1.033e7.734, P ¼ 0.043) and the diameter (OR, 1.167; 95% CI, 1.044e1.305,
P ¼ 0.006) were significant independent risk factors for hemorrhage during cesarean myomectomy. The
combination of � 8 cm diameter or lower segmental position of the leiomyoma yielded a specificity of
79.3% for operative hemorrhage during cesarean myomectomy. The negative predictive value of this
combination was 88.7% for operative hemorrhage with a prevalence of 20%.
Conclusion: The large size and lower segmental position of the leiomyoma are significantly risk factors
for intraoperative hemorrhage during cesarean myomectomy. If the leiomyoma is located in the uterine
fundus or body and its diameter is less than 8 cm, the removal of leiomyoma may be considered at the
time of cesarean section.
© 2021 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

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

Uterine leiomyoma is a benign tumor most frequently observed
in about 10e20% of fertile women [1]. It has been reported as
accompanying several complications, such as bleeding, pain, and
consequential subfertility [2]. For a uterine leiomyoma found dur-
ing pregnancy, the potential inducement of rapid growth in size
with pains and relevance to premature labor have been reported
[3,4]. The prevalence of uterine leiomyoma increases with
increasing age of women [5]. Recently, the frequency of observa-
tions of uterine leiomyoma during pregnancy has been increasing
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along with advancing age of pregnant women [3]; so leiomyomas
found in the course of antenatal care placed additional burdens on
obstetricians.

For patients planning cesarean section, obstetrician may
consider doing a simultaneous operation for myomectomy. Co-
execution of a cesarean section with simultaneous myomec-
tomy has an advantage of avoiding complications that might
result from re-operation for future leiomyoma removal. How-
ever, in terms of the safety of a combined execution of cesarean
section and myomectomy, further definite clarifications are yet
to be reported. In the past, a combined operation was not rec-
ommended for a leiomyoma found during pregnancy, because of
increased complications [6]. Recently, studies reported the
feasibility of a combined operation [7e10]. The reasons behind
the reluctance to do a combined operation in the past are based
on judgments about increasing postpartum complications, such
as increased hemorrhage, fever, and reduced bowel movements,
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Table 1
Demographics and operating outcomes of study population.

Variable N ¼ 212

Age (years) 34.7 ± 3.3
Gestational age (week) 36.6 ± 3.3
Baby weight (kg) 2.8 ± 0.7
Nullipara 186 (87.7)
Multifetal pregnancy 15 (7.1)
Previous cesarean delivery 17 (8.0)
Previous myomectomy 19 (9.0)
Preterm delivery (<37 weeks) 61 (28.8)
Emergent cesarean section 76 (35.8)
Removed leiomyoma
Diameter (cm) 5.8 ± 3.0
Number 1.5 ± 0.9

Hb at preoperative day (mg/dl) 12.0 ± 1.3
Hb at postoperative 24- hour (mg/dl) 10.8 ± 1.5
24- hour postoperative Hb drop (mg/dl) 1.2 ± 1.0
Estimated blood loss (ml) 594.5 ± 297.1
Operative time (min) 45.9 ± 17.8
Postoperative hospital stay (day) 3.4 ± 1.6
Need for transfusion 16 (7.5)
Postoperative ileus 3 (1.4)
Postoperative fever 3 (1.4)

All values are expressed as mean (±standard deviation) or number (%).
Hb, hemoglobin.
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including the ileus [11,12]. However, leaving the leiomyoma
diagnosed during a cesarean section to avoid perinatal compli-
cations would necessitate doing an operation under general
anesthesia a few months later; so the decision making about the
appropriate time for a combined operation of a cesarean section
with myomectomy seems necessary. In contrast, the possible
complications accompanying a combined operation, such as
hemorrhage or infection, need to be considered sufficiently
before doing a combined operation. For this reason, the
discernment of which complications such as a hemorrhage could
arise in which pregnant women seems necessary.

Thus, we participated in this study in order to examine the
cases of increasing risk of hemorrhage in the combined opera-
tion of cesarean section and myomectomy for pregnant women
found with leiomyoma in the course of prenatal diagnosis before
the cesarean section was performed; so we were searching for
the conditions supporting myomectomy at the time of cesarean
section.

Material and methods

A retrospective cohort study was done of all patients who had
undergone a myomectomy for intramural leiomyoma during a
cesarean section at a single university hospital from January
2015 to August 2016. Cases of subserosal leiomyomas in which >
50% of the leiomyoma protruded out of the serosal surface of the
uterus on antenatal sonography were excluded. In addition,
women who had a placental disorder or comorbid conditions
related to coagulopathy were excluded. All types of cesarean
section were included: scheduled or emergency and primary or
repeat. This study was approved by the institutional Review
Board (IRB) of the Catholic University of Korea. The patient re-
cords were accessed anonymously, and the IRB waived the need
for informed consent.

All patients diagnosed with leiomyoma during pregnancy and
scheduled for cesarean section because of maternal or fetal in-
dications had been preoperatively counseled about the possibility
of cesareanmyomectomy, whichwas undertaken for all thewomen
who consented to the operation. Main indications for cesarean
myomectomy were the patient's desire followed by symptomatic
leiomyoma. The operative technique followed usual practices,
including perioperative prophylactic antibiotics. Diluted vaso-
pressin (20 IU in 200 ml normal saline) was infused before incision
of the leiomyoma to minimize bleeding. For the operation tech-
nique, we exploited the cold-knife surgery employing a scalpel
solely without using the monopolar or bipolar electrocautery ma-
chine in order to avoid electronic burns on the uterus. During
operation, we inserted the hemovac into the abdominal cavity and
removed it if the amount of drainage fluid was below 50 cc in a day.

Data regarding patient's characteristics, such as age, previous
delivery history, gestational age at delivery, and birthweight, and
the parameters of the removed leiomyoma, including size, number,
pathology report, and location, were recorded. The size of leio-
myoma was defined as its largest diameter. For multiple leiomyo-
mas, the factors of the largest leiomyoma were recorded. In
addition, data about operative outcomes, including operation time,
duration of postoperative hospital stay, intraoperative blood loss,
hemoglobin concentration on the preoperative day and at 24 h
postoperative, need for transfusion, need for re-procedure for he-
mostasis, and postoperative fever or ileus were recorded from the
chart. Postoperative feverwas defined as a temperature above 38 �C
on 2 consecutive days. The definition of intraoperative hemorrhage
was modified based on the previous studies [10,13,14]: Estimated
blood loss exceeding 1000 ml or requiring a 24-h postoperative
hemoglobin drop greater than 3 g/dl.
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Statistical methods

All maternal characteristics and operative outcomes were
summarized using descriptive statistics. The demographic charac-
teristics, parameters of the leiomyoma, operative outcomes be-
tween the operative hemorrhage and non-hemorrhage groups
were compared using aManneWhitney U-test, a chi-square test, or
Fisher's exact test, as appropriate. We then entered factors found to
be significantly associated with intraoperative hemorrhage into
multivariate logistic regression analysis to identify risk factors for
hemorrhage. For significant continuous variables, the optimized
cut-off values were assessed by means of receiver operating char-
acteristic (ROC) analysis. We calculated the screening performance
for the combination of significant variables. A P < 0.05 was
considered statistically significant. We used SPSS (version 12.0;
SPSS Inc., Chicago, IL, USA) for statistical analysis.
Results

A total of 302 women underwent cesarean myomectomy during
the study period. Among these women, 212 pregnant women met
the inclusion criteria. Table 1 shows the demographic characteris-
tics and operative outcomes of the study population. The propor-
tion of women without any history of uterine surgery was 84.5%.
Removal of a single leiomyoma was done in 68.2% of included
women. Mean size of the leiomyoma was 5.8 ± 3.0 cm. There was
no case of re-laparotomy or uterine embolization. The proportion of
women requiring transfusion was 6.6%. Postoperative ileus or fever
occurred in 6 women (2.8%).

Operative hemorrhage occurred in 43 women (20.3%). Other
operative outcomes in cases with and without hemorrhage are
shown in Table 2. Women in the hemorrhage group had signifi-
cantly more estimated blood loss, more hemoglobin drop, longer
operative time, and longer postoperative stay in hospital than
women in the non-hemorrhage group (P < 0.001, < 0.001, 0.007,
and 0.011, respectively). There was no significant difference in the
occurrence of postoperative fever and ileus.

Patient characteristics, including parity, multifetal pregnancy,
gestational age, previous uterine operation, or emergency opera-
tion showed no significant differences between the operative



Table 2
Comparison of operative outcomes in the hemorrhage and non-hemorrhage group.

Parameters Hemorrhage (N ¼ 43) Non-hemorrhage (N ¼ 169) P value

Hb at preoperative day (mg/dl) 12.3 (11.2e13.0) 12.0 (11.1e12.6) 0.359
Hb at postoperative 24- hour (mg/dl) 9.9 (8.6e11.1) 11.2 (10.2e12.1) <0.001
24- hour postoperative Hb drop (mg/dl) 2.0 (1.2e3.2) 0.8 (0.2e1.5) <0.001
Estimated blood loss (ml) 1000 (800e1200) 500 (300e600) <0.001
Operative time (min) 48 (38e57) 42 (33e51) 0.007
Postoperative hospitalization (�4 days) 21 (48.8) 47 (27.8) 0.011
Amount of PRC transfusion (apack) 2 (0e2) 0 (0e0) <0.001
Postoperative ileus 1 (2.3) 2 (1.2) 0.571
Postoperative fever 1 (2.3) 2 (1.2) 0.571

All values are expressed as median (interquartile range) or number (%).
ManneWhitney U-test or Fisher's exact test was used as appropriate.
Hb, hemoglobin; PRC, packed red blood cell.

a 1pack ¼ 400 ml.

Table 4
Multiple logistic regression analysis for the prediction of operative hemorrhage.

Parameter of leiomyoma OR (95% CI) P value

Lower segmental location 2.827 (1.033e7.734) 0.043
Diameter (cm) 1.167 (1.044e1.305) 0.001

OR, Odds ratio; 95% CI, 95% confidence interval.
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hemorrhage and non-hemorrhage groups (Table 3). Removed
leiomyomas in the operative hemorrhage group showed signifi-
cantly larger diameters (P ¼ 0.002) and lower segmental location
than those in the control group (P ¼ 0.001). There was no signifi-
cant intergroup difference in the number of removed leiomyomas
(Table 3). Multiple logistic regression analysis demonstrated that
the parameters of leiomyomas, including low segmental location
(odds ratio [OR], 2.827; 95% confidence interval [CI], 1.033e7.734,
P ¼ 0.043) and the diameter (OR, 1.167; 95% CI, 1.044e1.305,
P ¼ 0.006) were significant independent predictors of hemorrhage
after cesarean myomectomy (Table 4).

The ROC curves analysis showed that the area under the curve
for the prediction of operative hemorrhage by diameter of leio-
myoma was 0.635 (95% CI, 0.566e0.700, P ¼ 0.008). The optimal
cut-off valuewas 8 cmwith a sensitivity of 46.5% and a specificity of
79.3%. The combination of � 8 cm diameter or low segmental po-
sition of the leiomyoma yielded a specificity of 88.7% for hemor-
rhage after cesarean myomectomy. The positive and negative
predictive value of this combination was 41.8% and 84.0% for
operative hemorrhage with a prevalence of 20%.
Discussion

The removal of leiomyoma at the time of cesarean section is still
considered as a controversial issue. Traditionally, cesarean myo-
mectomy has not been supported due to the risk of hemorrhage.
Table 3
Comparison of demographic characteristics and parameters of leiomyoma in the hemorr

Parameters Hemorrhage (N ¼ 43)

Age (years) 34 (32e37)
Newborn weight (kg) 2.91 (2.45e3.32)
Nullipara 41 (95.3)
Multifetal pregnancy 1 (2.3)
Previous cesarean delivery 2 (4.7)
Previous myomectomy 3 (7.0)
Preterm delivery 11 (25.6)
Emergent cesarean section 10 (33.3)
Removed leiomyoma
Multiple (�2) 9 (30.0)
Diameter (cm) 7 (4e10)
Degenerative changes and/or necrosis 20 (46.5)
Location (I)
Anterior 36 (83.7)
Posterior 7 (16.3)

Location (II)
Fundus 4 (9.3)
Body 30 (69.8)
Lower segment 9 (20.9)

All values are expressed as median (interquartile range) or number (%).
ManneWhitney U- test, Chi-squared test or Fisher's exact test was used as appropriate.

43
However, this procedure has its own advantages for both pregnant
women and surgeons. For patients, myomectomy during cesarean
delivery could eliminate the symptoms related with leiomyoma
and prevent repeated anesthesia and surgery [15]. Further fertility
after cesarean myomectomy seems not to be impaired [16]. For
surgeons, leiomyoma could be easily removed because the psue-
docapsule of leiomyoma is likely to be larger during pregnancy
compared to that during non-pregnancy [17].

The major concern about cesarean myomectomy is that it may
give rise to heavy hemorrhage the risk of massive hemorrhage
which could result in postoperative morbidity and obstetric hys-
terectomy. However, to date the evidences to support this concern
seems to be sparse. Previous several studies demonstrated that
cesarean myomectomy were not associated with significant
hemorrhage or other postoperative morbidity, although there
were increased operative time and hemoglobin drop [7e10].
Therefore, cesarean myomectomy can be considered in selected
cases.
hage and non-hemorrhage group.

Non-hemorrhage (N ¼ 169) P value

34 (32e37) 0.349
2.96 (2.59e3.32) 0.652
145 (85.8) 0.088
14 (8.3) 0.315
15 (8.9) 0.534
16 (9.5) 0.610
50 (29.6) 0.605
66 (36.3) 0.839

54 (29.7) 0.971
5 (3e7) 0.006
91 (54.2) 0.370

0.578
147 (87.0)
22 (13.0)

0.006
28 (16.6)
131 (77.5)
10 (5.9)
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The present study revealed that the diameter of leiomyoma and
low segmental location were significant risk factors for intra-
operative hemorrhage of cesarean myomectomy. In terms of post-
operative ileus and fever exhibited no significant differences
according to operative hemorrhage.

The combination of � 8 cm diameter or low segmental position
of the leiomyoma yielded a specificity of 79.4% for significant
hemorrhage during cesarean myomectomy. In particular, the
negative predictive value of this combination was 84.0% for oper-
ative hemorrhage. If the leiomyoma is located in the uterine fundus
or body and its diameter is less than 8 cm, the removal of leio-
myoma may be considered at the time of cesarean section.

The distinct decrease in the level of hemoglobin accompanied
the relatively large sized leiomyoma, probably because of the
hemorrhage resulting from the large uterine incision needed to
perform the myomectomy. Dedes et al. [18] reported the significant
increase in hemorrhage for removal of leiomyoma exceeding 5 cm
during cesarean section. In this study, leiomyoma exceeding 8 cm
was significantly associated with intraoperative hemorrhage. In
addition, Intraoperative hemorrhage was more significantly
occurred in cases of removal of leiomyomas located in low segment
of the uterus compared with leiomyoma located in uterine fundus
or body, probably because there was less postpartum uterine
contraction in a uterine low segment than in the uterine fundus.

The average age of the subjects was 34.7 ± 3.3 years and mean
gestational age at the time of delivery was 36.6 ± 3.3 weeks. High
proportion of women with advanced maternal age and preterm de-
livery might be due to characteristic of high-risk pregnancy unit in
university hospital. The incidence of leiomyoma increases with age
with an incidence of 40e60% by age 35 [1]. Women with advanced
maternal agemaybemore likely tohave leiomyomaduringpregnancy.
Leiomyomawas known to be associatedwith preterm labor [2]. As this
study was conducted for cases of cesarean myomectomy, it is not
possible to determine whether a high rate of advanced maternal age
and preterm birth are characteristics of pregnant women with
leiomyoma.

We did not include cases of removal of pedunculated or sub-
serosal leiomyoma at the time of cesarean section. Such cases
revealed postoperative complications, such as hemorrhage, similar to
those in cases of general cesarean section [15]. According to Rong
Zhao et al. [19], the cesareanmyomectomy provided to patients with
pedunculated or subserosal leiomyoma and the cases that were
solely provided with cesarean section were reported as bearing no
significant differences in hemorrhage to each other [19]. Thus, our
scope was limited to cases of intramural leiomyoma wherein esti-
mating the safety of cesarean myomectomy was not established.

The cases of leiomyoma located at the anterior side of the uterus
appeared dominantly in this study, which might be attributable to
the difficulty in follow-up of leiomyoma located at the posterior
side of the uterus along with the progression of pregnancy
embracing cases of found leiomyoma during pregnancy, thereby
resulted in incomplete counseling with pregnant women about
having the myomectomy before taking the cesarean section.

In terms of surgical technique, the reason for selecting cold-
knife surgery is associated with the increasing possibility of uter-
ine rupture at the next pregnancy caused by an electronic burn on
the uterus [16,20]. In the group of subjects participating in the
present study, none of the subjects underwent uterine artery
embolization, re-operation, or hysterectomy except for cases of
blood transfusion because of a relatively large hemorrhage upon
completion of the cesarean myomectomy. The dosage of utero-
tonics was identical to that of the same kind of drug used for usual
cesarean section.

The group of subjects who had relatively large hemorrhages also
had a longer time of operation and extended postoperative stays in
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hospital as well, probably because the discharge of subjects
belonging to the group exhibited large hemorrhage after stabili-
zation of the level of hemoglobin and vital sign. For the generation
of postoperative fever and postoperative ileus, the subjects in the
two groups showed no significant differences.

In conclusion, this study suggested that removal of leiomyoma
exceeding 8 cm or leiomyomas located in a uterine low segment at
the time of cesarean section was significantly associated with
intraoperative hemorrhage. This finding will provide useful infor-
mation for the assessment and counseling of pregnant womenwho
had leiomyoma and plan to get cesarean delivery. It appeared that
cases with leiomyoma less than 8 cm and located elsewhere than in
a uterine low segment during pregnancy would be relatively safe if
provided with a cesarean myomectomy, given the results of our
analysis of risk.
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