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Blood level of adipokines and nutritional status variables
in adolescent pregnancy
Mirela Douradinho Fernandes, MSc, Silvia Daher, PhD, Luciana Moraes de Sousa, BSc, Indiomara Baratto, PhD,
Thalita Frutuoso Lobo, PhD, Edward Araujo Júnior, PhD, Cristina Aparecida Falbo Guazzelli, PhD
Department of Obstetrics, Paulista School of Medicine - Federal University of São Paulo (EPM-UNIFESP), São Paulo-SP, Brazil

Objective
To evaluate the serum levels of adiponectin and leptin and their relationship with nutritional variables during
pregnancy in adolescents.
Methods
This prospective cohort study evaluated eutrophic pregnant adolescents (body mass index [BMI], 18.5–24.9 kg/
m2) during the 3 gestational trimesters (first, 10–14 weeks; second, 24–28 weeks; and third, 30–34 weeks). Serum
adiponectin and leptin concentrations were measured using the enzyme-linked immunosorbent assay method. The
relationship of these adipokines with the pre-gestational BMI, gestational weight gain, weight at the time of sample
collection, and newborn weight were evaluated. Analysis of variance and the Kruskal-Wallis test were used for
statistical analysis.
Results
The study group comprised 62 pregnant adolescents. The serum concentration of adiponectin showed a significant
difference between the first and third trimesters (P=0.003), which decreased during pregnancy, but unrelated to
nutritional variables. Serum leptin levels increased throughout the pregnancy (P<0.0001) and showed a positive
correlation with pre-gestational BMI, total weight gain, pregnancy weight at the time of sample collection, and
newborns’ weight.
Conclusion
Serum levels of adiponectin and leptin vary inversely throughout pregnancy. This pattern in adolescents is similar to
that observed in adults. Moreover, leptin concentrations increased throughout pregnancy, and they were positively
correlated with all variables evaluated.
Keywords: Adiponectin; Leptin; Nutrition status; Pregnancy; Adolescents

Introduction
Adolescent pregnancy is highly prevalent in the world despite the development level of the country [1]. The annual
report published in 2013 by the United Nations Population
Fund (UNFPA) on the situation of the world population cited
that yearly, in developing countries, 7.3 million adolescent
old have children, of which about 2 million were less than 14
years old [2].
During the gestational period, an inflammatory response
develops in the maternal-fetal unit. Several mediators are
involved in this process, which includes adipokines. These
proteins’ participation in local and systemic inflammatory
www.ogscience.org
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reactions is recognized, but the influence of adipokines on
the evolution of pregnancy is not fully understood yet [3].
Adiponectin has the function of regulating metabolism interfering with insulin resistance (IR) in the liver and muscles [4]
besides presenting an anti-inflammatory, anti-hyperglycemic,
and anti-atherogenic action [5]. During a healthy pregnancy,
adiponectin levels progressively decrease, and IR develops,
which returns to pre-pregnancy values after delivery [6].
Leptin works by modulating appetite and controlling levels
of adipose tissue in eutrophic individuals. Blood leptin concentrations are high in women and even higher in pregnant
women [7]. The placenta secrets leptin, and it has been associated with adverse maternal and perinatal outcomes [8].
Adiponectin and leptin present physiological actions, thus
affecting patients’ health according to their concentrations in
the blood. However, few studies relate these two molecules
in the evolution of pregnancy, especially in adolescents. To
date, no studies have assessed the relationship between pregestational body mass index (BMI), maternal and newborn
weight gain with the concentrations of these adipokines
in adolescents. Therefore, this study aimed to assess serum
levels of adiponectin and leptin and their relationship with
nutritional variables throughout adolescent pregnancy. The
results of this study will be useful for future investigations of
the association between serum changes in adiponectin or
leptin levels and adverse perinatal outcomes, such as miscarriage, pre-eclampsia, diabetes mellitus, preterm birth, fetal
growth restriction, low birth weight, and inadequate gestational weight gain, among pregnant adolescents.

Materials and methods
A prospective cohort study was conducted among eutrophic
pregnant adolescents (BMI, 18.5–24.9 kg/m2) who attended
the Adolescent Prenatal Sector of the Federal University of
São Paulo (UNIFESP) from March 2015 to January 2017.
The Research Ethics Committee from UNIFESP approved this
study under the consubstantiated opinion No. 1514/11, and
all pregnant women who agreed to participate voluntarily
signed an informed consent form. The inclusion criterion was
a single pregnancy in adolescents aged <20 years. Exclusion
criteria were the use of medications (corticosteroids, antibiotics, immunosuppressants, and anti-inflammatories); maternal
obstetric or chronic diseases (pre-eclampsia, gestational dia684

betes mellitus, chronic arterial hypertension, systemic lupus
erythematosus, and asthma); and presence of obstetric complications (e.g., prematurity) at birth.
The BMI was calculated using the formula pre-gestational
maternal weight (kg)/height (m2), with the former referred by
the mother and the latter confirmed with measurement. The
nutritional diagnosis was determined as recommended by
the Institute of Medicine (IOM) [9].
Blood collection occurred during the 3 periods of pregnancy: first trimester (10 to 14 weeks), second trimester (24
to 28 weeks), and third trimester (30 to 34 weeks). An 8 mL
volume of peripheral blood was collected by venipuncture in
a dry tube. The samples were transported in thermal boxes,
refrigerated at a temperature between 2°C and 8°C and
processed within a maximum period of up to 4 hours after
collection. The blood samples were centrifuged after clot
retraction at 500 rpm for 15 minutes at room temperature.
The serum obtained was aliquoted in sterile and dry microtubes and then stored at −80°C for future quantification of
adiponectin and leptin serum concentrations.
Serum levels of adiponectin and leptin were assessed using
the enzyme-linked immunosorbent assay (ELISA) method using the commercial kit Quantikine®-Human total Adiponectin/Acrp30 DuoSet (R&D Systems®, Minneapolis, MN, USA)
and Quantikine® Human Leptin DuoSet (R&D Systems®).
These kits are immunoenzymatic ELISA tests, which were
performed according to the manufacturer’s instructions. The
test sensitivity was 0.0625 ng/mL for adiponectin and 32.25
pg/mL for leptin. The intra-assay and inter-assay CVs% for
adiponectin were 3.5% and 6.5% and for leptin 3.2% and
4.4%, respectively.
For adiponectin and leptin dosage curves in pregnant adolescents in the first, second, and third trimester, tables containing minimum, maximum, mean, or median values and
standard deviation (SD) or interquartile range were included.
Normality tests such as Skewness and Kurtosis, KolmogorovSmirnov, and Shapiro-Wilk, were applied to assess the distribution of quantitative variables. Thus, analysis of variance
(ANOVA) was applied for parametric distributions and the
Kruskal-Wallis test for nonparametric distributions, followed
by Tukey or Dunn post-tests, respectively. Pearson’s coefficient (r) was used to assess the correlation between variables. Descriptive statistics were performed with minimum
and maximum values, mean and SD for maternal age, BMI,
and race. The level of statistical significance was established
www.ogscience.org
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at P<0.05. Statistical analyzes were performed using the
GraphPad Prism software version 6.0 (GraphPad Software,
San Diego, CA, USA).

Results
In this study, 62 eutrophic pregnant adolescents were included and evaluated in the three trimesters of pregnancy. Maternal age ranged from 12 to 19 years, with an average of
16.45±1.87 years. The mean of the pre-gestational BMI was
21.8±2.23 kg/m2. The average gestational age in the first,

second, and third trimesters was 12.38±1.35, 25.36±2.62,
and 32.90±2.42 weeks, respectively (Table 1).
We observed significant difference between the adiponectin values obtained in the first, second, and third trimesters.
As pregnancy progressed, serum adiponectin levels gradually
decreased (median 3,578 ng/mL, 2,774 ng/mL, 2,218 ng/
mL, respectively). In Dunn post-tests, a statistically significant
difference was observed when comparing the first and third
trimesters (P=0.003). However, no statistically significant difference was found comparing the first and second trimesters
and the second and third trimesters (P=0.09 and P=0.82,
respectively) (Table 2).

Table 1. Maternal and perinatal characteristics of pregnant adolescents
1st trimester (n=62)

Characteristic

2nd trimester (n=62)

3rd trimester (n=62)

Age (yr)
Minimum–Maximum

12–19

Mean±SD

16.45±1.87

2

BMI (kg/m )
Minimum–Maximum

18.5–24.9

Mean±SD

21.80±2.23

Race/ethnicity
White

36 (58.06%)

Mixed

26 (41.94%)

Total weight gain (kg)
Minimum–Maximum

6.50–30.00

Mean±SD

13.60±4.56

Newborn weight (g)
Minimum–Maximum

2,115–4,200

Mean±SD

3,064.80+484.43

Gestational age at sample collection (wk)
Minimum–Maximum

10.00–14.11

24.10–28.20

30.43–34.10

Mean±SD

12.38±1.35

25.36±2.62

32.90±2.42

BMI, body mass index; GA, gestational age; SD, standard deviation.
Table 2. Serum adiponectin and leptin concentrations in the three trimesters of adolescent pregnancies
Trimester
(n=62)

Adiponectin (ng/mL)

Leptin (pg/mL)
Min–Max

Mean±SD

Pb)

0.09

5,594–166,097

36,807±31,946

0.26

0.003

1,401–96,912

27,983±18,755

0.005

0.82

3,997–189,830

54,435±39,226

<0.0001

Min–Max

Median

Interquartile range

P

st

1

1,141–13,499

3,578

2,388–5,952

2nd

1,205–16,035

2,774

1,578–4,336

rd

1,428–13,857

2,218

1,727–3,615

3

a)

Kruskal-Wallis test, P=0.003

One-way ANOVA, P<0.0001

SD, standard deviation; ANOVA, analysis of variance.
a)
Trimestral comparison using Dunn’s test; b)Trimestral comparison using Tukey’s test

www.ogscience.org
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We did not observe any correlation between serum adiponectin levels and pre-pregnancy BMI, total pregnancy weight
gain, maternal weight at the time of blood collection, and
newborn weight (data not shown).
Serum leptin concentrations decreased in the second trimester; however, with the progression of pregnancy, there
was a significant increase in blood levels (P<0.0001). In
the third trimester, serum leptin levels were higher (mean,
54,435±39,226 pg/mL) when compared to the first (mean,
36,807±31,946 pg/mL) (P=0.005) and the second trimesters
(mean, 27,983±18,755 pg/mL) (P<0.0001), when the Turkey’s post-tests was performed (Table 2).
We observed a positive correlation between serum leptin
levels and pre-pregnancy BMI, total weight gain during pregnancy, maternal weight at the time of blood collection, and
newborn weight (Table 3).

Discussion
In general, the vast majority of studies on adipokines are
restricted to comparing the serum profile among pregnant

adults with and without obstetric complications or associated
diseases [10-12]. Adipokines have been the subject of studies
that seek to find and determine biomarkers to assist in prevention or prognosis of complications such as pre-eclampsia,
gestational diabetes mellitus, restriction of intrauterine
growth, and low birth weight [13,14].
In this study, serum adiponectin levels in pregnant adolescents decreased progressively throughout pregnancy. This
result was also observed in adult women during healthy
pregnancies [15,16]. A possible explanation would be due to
the installation and/or change of IR, which tends to increase
with the evolution of pregnancy and returns to pre-pregnancy values after

delivery [17,18]. Thus, we found a negative
correlation between gestational age and serum adiponectin
concentration, which is also described in the literatures including other age groups [19,20].
Fuglsang et al. [21] compared the first with the third trimester of pregnancy and observed that plasma levels of adiponectin in adult pregnant women significantly decreased.
This behavior was also observed in this study in pregnant
adolescents and confirmed by other studies in pregnant
women [22,23].

Table 3. Correlation between pre-gestational body mass index, total weight gain during pregnancy, weight at the time of blood collection and newborn weight, and serum leptin levels between the first, second, and third trimester of adolescent pregnancy
Leptin (pg/mL)

Variable

st

nd

1 Trimester (n=62)

2 Trimester (n=62)

3rd Trimester (n=62)

0.44

0.51

0.27

2

Pre-gestational BMI (kg/m )
Pearson r
Confidence interval
a)

P

0.21, 0.62
b)

0.29, 0.67
b)

0.02, 0.49

0.0003

<0.0001

0.03b)

0.22

0.26

0.32

−0.02, 0.44

0.01, 0.48

0.07, 0.52

0.08

0.04b)

0.01b)

Total weight gain (kg)
Pearson r
Confidence interval
Pa)
Weight at sample collection (kg)
Pearson r
Confidence interval
Pa)

0.40

0.42

0.39

0.17, 0.59

0.19, 0.61

0.15, 0.58

0.001b)

0.0007b)

0.001b)

0.25

0.32

0.09

0.003, 0.47

0.07, 0.53

−0.15, 0.33

Newborn weight (g)
Pearson r
Confidence interval
a)

P

b)

0.04

b)

0.01

0.44

a)

Pearson’s correlation coefficient; b)P<0.05.
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In the second trimester, we observed a significant decrease
in serum adiponectin concentrations, which may be related
to the installation of IR, which occurs mainly during this period. Some studies correlated the concentration of adiponectin
with IR indexes during pregnancy in adult women [24,25].
When assessing serum leptin levels, we observed significantly increased values from the first to the third trimester of
pregnancy in adolescents. This result can also be observed
in other studies involving pregnant women and adolescents
with a methodology similar to ours [26,27].
Duarte et al. [28] studied serum leptin levels in the second and third trimesters of pregnant adolescents with and
without pre-eclampsia, identifying a non-significant increase
in this hormone between 21 and 30 weeks in both groups.
They demonstrated that leptin concentrations tended to be
higher in the last trimester of pregnancy with the presence
of pre-eclampsia. Jones et al. [29] analyzed serum leptin concentrations between 28 and 32 weeks of pregnancy, dividing
the adolescents into early (14 and 15 years) and late (16 to
18 years), and reduced leptin concentrations was observed
only in the group of late teenagers.
We observed positive correlation between pre-pregnancy
BMI and serum leptin levels. Thus, these results confirm the
findings of a previous study that evaluated pregnant adolescents and young adults, in which those who had a higher
concentration of leptin also had a higher pre-pregnancy BMI
value and a lower level of adiponectin [30].
The higher concentrations of leptin that occur during
pregnancy are related to weight gain, as well as changes in
hormonal levels, which can stimulate leptin secretion [31].
We have identified a positive correlation between weight
gain during pregnancy and serum leptin concentration in all
trimesters of pregnancy.
In this study, the slight decline in serum leptin levels at second trimester was also attributed to the development of IR,
which occurs during this period, as observed in other studies
[11,27].
In a study conducted among 61 adult pregnant women,
the authors observed that high serum leptin levels were
found in those who gave birth to newborns with higher
weight [30]. Similarly, in this study, a positive correlation was
also observed between serum leptin concentration of pregnant adolescents and higher birth weight.
In summary, we observed that serum adiponectin levels
in pregnant adolescents decreased throughout pregnancy;
www.ogscience.org

however, pregnancy leptin levels increased, and they were
positively correlated with all variables evaluated. Additionally, one of the strengths of this study was its originality. Our
study had, as its main positive point, the prospective monitoring of serum concentrations of adiponectin and leptin
during the pregnancy of adolescents, evaluating the same
adolescent in all trimesters. Thus, this study was able to have
more precise view of the molecules’ behavior in the blood
during this period, which can be used in the future to manufacture new biomarkers in order to prevent adverse perinatal
outcomes, considering that this population is naturally classified as high risk.
In addition, we could not report some correlations of other
variables related to maternal, neonatal body composition
and leptin levels in the adolescent population, which is still
little known.
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Objective
To investigate the effect of gestational weight gain (GWG) on maternal and neonatal outcomes based on the Institute
of Medicine (IOM) guidelines for twin pregnancies.
Methods
This study included women with twin pregnancies who delivered at Seoul National University Bundang Hospital.
Based on the weight gain per gestational week according to the 2009 IOM guidelines, the subjects were divided
into the following 3 groups: inadequate, adequate, and excessive GWG. We compared the maternal and neonatal
outcomes of each group.
Results
A total of 1,738 twin pregnancies were included in our study. Of these cases, 881, 694, and 163 (50.7%, 39.9%, and
9.4%, respectively) twin pregnancies were categorized into the inadequate, adequate, and excessive GWG groups,
respectively. In the inadequate GWG group, the risks of preterm birth <34 weeks (aOR, 2.33, 95% confidence interval
[CI], 1.63–3.34) and delivering neonates who were small for gestational age (aOR, 1.92, 95% CI, 1.42–2.60) were
increased, and the risk of preeclampsia (aOR, 0.49, 95% CI, 0.32–0.76) was decreased. The excessive GWG group had
an increased risk of the neonates being large for gestational age (aOR, 1.79, 95% CI, 1.15–2.81).
Conclusion
The 2009 IOM recommendations for GWG can be applied to Korean women with twin pregnancies to help achieve
optimal maternal and neonatal outcomes. However, more than half of the women were categorized as having
inadequate weight gain according to the guidelines. Further studies should be performed to obtain Korean national
references for GWG in twin pregnancies.
Keywords: Gestational weight gain; Twin pregnancy; Institute of Medicine; Pregnancy outcome

Introduction
Appropriate gestational weight gain (GWG) is an important
indicator of maternal and fetal well-being during pregnancy
[1]. Excessive maternal weight gain leads to gestational hypertensive disorders and diabetes, increased risk of cesarean
section, large for gestational age (LGA) infants, and higher
postpartum weight retention, while inadequate weight
gain could be the cause of preterm birth and infants who
are small for gestational age (SGA) [2-5]. To highlight and
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suggest adequate weight gain goals during pregnancy, recommendations for GWG were published by the Institute
of Medicine (IOM), now renamed the National Academy of
Medicine, in 1990 [6]. According to the guidelines, a total
GWG of 11.5–16 kg is considered adequate for women of
normal weight with singleton pregnancies. Many studies
have revealed that weight gain outside of these guidelines in
singleton pregnancies is associated with adverse pregnancy
outcomes [7].
The IOM committee also provided a recommendation for
adequate GWG in twin pregnancies [6]. However, it is difficult to directly apply these guidelines to Korean women for
the following reasons. First, the guidelines published by the
IOM are solely based on the data of American women [8].
Since GWG may be influenced by various factors, which may
be social, environmental, or genetic, the values for appropriate GWG are different for each ethnic group [9-13]. Second,
the World Health Organization (WHO) has set the cutoff for
the overweight body mass index (BMI) category at 23 for the
Asian population, which is different from Western standards
[14]. Third, there is a lack of research addressing whether it is
appropriate to apply these guidelines to Korean women with
twin pregnancies.
To address these issues, the purpose of this study is to investigate the effect of GWG on maternal and neonatal outcomes based on the IOM guidelines for Korean women with
twin pregnancies and to determine whether these guidelines
can be applied to this group of women.

Materials and methods
1. Study population and study design
This retrospective study included women with twin pregnancies who delivered at Seoul National University Bundang
Hospital between January 2005 and June 2019. Among
them, cases with circumstances that may have affected the
GWG, such as single fetal demise, delivery before 24 weeks
of gestation, delayed interval delivery, major fetal anomalies,
and cases with an unknown pre-pregnancy BMI and GWG;
and cases with twin-specific complications, such as severely
weight discordant twins (>30%), twin-to-twin transfusion
syndrome (TTTS), and monochorionic monoamniotic (MCMA)
twins, were excluded from the analysis. Based on the weight
gain per gestational week according to the 2009 IOM guidewww.ogscience.org

lines, the cases were divided into the following 3 groups:
inadequate, adequate, and excessive GWG. We compared
the maternal and neonatal outcomes of each group and
calculated the adjusted odds ratios (aORs) for each outcome,
which were then compared to the reference group (adequate
GWG group) by multiple logistic regression analysis after adjusting for confounding factors.
2. Setting

of the inadequate, adequate, and excessive
gestational weight gain groups
The rate of weight gain (kg/week) in each mother was calculated by dividing the total gestational weight by the gestational age at delivery in weeks. According to the method
proposed by Fox et al. [15,16], an adequate GWG per gestational week was defined as the value obtained by dividing
the IOM recommended weight gain by 37 weeks. The value
was dependent on the pre-pregnancy BMI group, as specified in Supplementary Table 1. For example, if a woman
who delivered at 38 weeks had a 30 kg weight increase in
pregnancy, her rate of weight gain would be 30 kg/38 weeks
(i.e., 0.789 kg/week). If the mother’s pre-pregnancy BMI was
within the normal range, adequate GWG would be 0.454–
0.662 kg/week. If the calculated value was greater than
0.662 kg/week, the mother would be classified into the excessive GWG group.
3. Clinical

factors, maternal outcomes, and neonatal
outcomes
The baseline characteristics in each pregnancy including the
maternal age, height, pre-pregnancy weight, parity, chorionicity, and presence of preexisting such as hypertension (HTN)
and diabetes mellitus (DM) were evaluated at the initial prenatal visit. Because it is common to visit the outpatient clinic
after the first trimester, we asked the mothers for their prepregnancy weight and recorded it. The pre-pregnancy BMI
was calculated as the maternal pre-pregnancy weight (kg)/
height (m2). We used the BMI classification for an Asian population according to the WHO [14]. The categories of underweight, normal weight, overweight, and obese were defined
as BMI <18.5 kg/m2, 18.5–23 kg/m2, 23–25 kg/m2, and ≥25
kg/m2, respectively.
When the mother was hospitalized for delivery, the predelivery weight was measured. The total gestational weight
was calculated by subtracting the self-reported pre-pregnancy weight from the pre-delivery weight. Each case’s medical
691
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charts were reviewed to obtain the delivery method and
complications during pregnancy, including preterm labor,
preterm premature rupture of membranes (PPROM), HTN,
preeclampsia (PE), and gestational DM (GDM). HTN during
pregnancy included gestational HTN, PE, eclampsia, and superimposed PE. The mode of delivery for women with twin
pregnancies was decided after consulting with the mothers.
Essentially, if both fetuses had vertex presentations, vaginal deliveries could be attempted. The neonatal outcomes
included the birth weight, whether the infant was SGA or
LGA, neonatal intensive care unit (NICU) admission, and low
Apgar scores (Apgar score <7 at 1 minute or 5 minutes). We
defined SGA as a weight lower than the 10th percentile for
the gestational age and LGA as a weight greater than the
90th percentile for the gestational age, based on the Korean
twin growth curves [17].
4. Statistical analysis
Continuous data are presented as mean±standard deviation,
and categorical data are presented as number (%). To compare the 3 groups, analysis of variance was used for continu-

ous variables and the χ2 test or Fisher’s exact test was used
for categorical variables. Using the adequate GWG group
as the reference group for comparison, the unadjusted OR
and aOR for each maternal outcome in the inadequate and
excessive GWG groups were calculated using univariate and
multivariate logistic regression analysis, respectively. For the
analysis of the neonatal outcomes, a generalized estimating
equation (GEE) was used to adjust for the familial correlation
between twins from a single mother. The Firth correction was
used to calculate the aOR for rare-event data [18]. A P-value
of <0.05 was considered statistically significant. IBM SPSS
Statistics version 23.0 software (IBM Inc., Armonk, NY, USA)
and SAS version 9.4 (SAS Institute, Cary, NC, USA) were used
for the analyses.

Results
A total of 2,088 women with twin pregnancies gave birth at
Seoul National University Bundang Hospital between 2005
and 2019. Among these women, 350 women (45 with a

2,088 twins deliveries
between 2005-2019
350 excluded
Single fetal demised, n=45
Delivery before GA 24 weeks, n=33
Delayed interval delivery, n=5
Major fetal anomaly, n=8
Unknown BMI, n=106
Unknown GWG, n=9
Twin specific complications, n=144
- MCMA, TTTS, severe discordant twin
1,738 twins deliveries
included for analysis
Inadequate GWG
n=881 (50.7%)
Underweight
Normal
Overweight
Obese

120
628
80
53

Adequate GWG
n=694 (39.9%)
(13.6%)
(71.3%)
(9.1%)
(4.0%)

Underweight
Normal
Overweight
Obese

90
439
96
69

Excessive GWG
n=163 (9.4%)
(13.0%)
(63.3%)
(13.8%)
(9.9%)

Underweight
Normal
Overweight
Obese

120
628
80
53

(13.6%)
(71.3%)
(9.1%)
4.0%)

Fig. 1. Study flow chart and population. GA, gestational age; BMI, body mass index; GWG, gestational weight gain; MCMA, monochorionic monoamniotic twin; TTTS, twin-to-twin transfusion syndrome.
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single fetal demise, 33 who delivered before 24 weeks of
gestation, 5 with delayed interval delivery, 8 with major fetal anomalies, 106 without pre-pregnancy BMI data, 9 who
could not calculate their GWG, 123 with severely discordant
twins, 21 with TTTS, and 2 with MCMA twins) were excluded from the final analysis. Of the 1,738 patients who met the
inclusion criteria, 881, 694, and 163 (50.7%, 39.9%, and

9.4%, respectively) were categorized into the inadequate,
adequate, and excessive GWG groups, respectively. The distribution of the GWG for each BMI category is detailed in
Fig. 1.
Table 1 presents the demographic characteristics, and maternal and neonatal outcomes for each group. The maternal
age, height, pre-pregnancy weight, and BMI were different

Table 1. The baseline characteristics, pregnancy and neonatal outcomes according to the gestational weight gain (GWG) groups
Inadequate GWG
(n=881)

Characteristics

Adequate GWG
(n=694)

Excessive GWG
(n=163)

P-value

Baseline characteristicsa)
Maternal age (yr)
Height (cm)
Prepregnancy weight (kg)
2

33.5±3.4

32.5±3.4

32.4±3.6

<0.001

161.5±4.8

162.2±5.3

162.9±5.0

<0.001

54.5±8.0

55.9±8.2

60.4±9.6

<0.001

Prepregnancy BMI (kg/m )

20.9±2.8

21.3±2.9

22.8±3.5

<0.001

Nulliparity

656 (74.5)

530 (76.4)

123 (75.5)

0.683

Dichorionicity

669 (80.6)

528 (80.7)

120 (76.4)

0.448

Preexisting HTN

6 (0.7)

6 (0.9)

4 (2.5)

0.092

Preexisting DM

5 (0.6)

4 (0.6)

4 (2.5)

0.029

Preterm labor

261 (29.6)

125 (18.0)

24 (14.7)

<0.001

PPROM

146 (16.6)

94 (13.5)

14 (8.6)

0.018

<37

607 (68.9)

429 (61.8)

102 (61.6)

0.010

<34

140 (15.9)

54 (7.8)

16 (9.8)

<0.001

<32

73 (8.3)

21 (3.0)

7 (4.3)

<0.001

<30

a)

Pregnancy outcomes

Preterm birth (wk)

46 (5.2)

9 (1.3)

5 (3.1)

<0.001

HTN during pregnancy

68 (7.7)

109 (15.7)

38 (23.3)

<0.001

Preeclampsia

45 (5.1)

65 (9.4)

24 (14.7)

<0.001

Gestational DM

115 (13.5)

34(4.9)

10 (6.1)

<0.001

Cesarean section

629 (71.4)

521 (75.1)

125 (76.7)

0.157

30 (3.4)

20 (2.9)

2 (1.2)

0.317

Operative delivery
b)

(n=1,762)

(n=1,388)

(n=326)

Mean birth weight >2,500 g

554 (31.4)

662 (47.7)

186 (57.1)

<0.001

SGA

204 (11.6)

86 (6.2)

13 (4.0)

<0.001

Neonatal outcomes

LGA

56 (3.2)

89 (6.4)

42 (12.9)

<0.001

NICU admission

509 (30.0)

249 (18.4)

67 (21.1)

<0.001

Apgar score 1 min <7

295 (16.7)

155 (11.2)

35 (10.7)

0.003

Apgar score 5 min <7

77 (4.4)

29 (2.1)

12 (3.7)

0.004

Data are presented as mean±standard deviation or number (%) for variables, unless otherwise indicated.
BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; PPROM, preterm premature rupture of membranes; SGA, small for gestational age; LGA, large for gestational age; NICU, neonatal intensive care unit.
a)
P-value from analysis of variance, χ2 test or Fisher’s exact test; b)P-value from generalized estimating equation.
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rate (18.4% vs. 30.0% in the inadequate GWG group and
21.1% in the excessive GWG group).
We performed multivariate logistic regression analysis using variables that showed significant differences between
the 3 groups. The results of the maternal and neonatal outcomes are summarized in Tables 2 and 3, respectively. The
patients in the inadequate GWG group were more likely to
have preterm labor (aOR, 1.96, 95% confidence interval
[CI], 1.52–2.53), preterm birth (<37 weeks, aOR, 1.39, 95%
CI, 1.11–1.73; <34 weeks, aOR, 2.33, 95% CI, 1.63–3.34;
<32 weeks, aOR, 2.95, 95% CI, 1.74–5.01; and <30 weeks,
aOR, 4.47, 95% CI, 2.06–9.67), and GDM (aOR, 3.38, 95%
CI, 2.17–5.27), even after adjusting for all confounders. In
contrast, the likelihoods of developing HTN during pregnancy and PE (aOR, 0.43 and 0.49, 95% CI, 0.30–0.60 and
0.32–0.76, respectively) were lower in the inadequate GWG
group. There were no significant associations between each
maternal outcome and excessive GWG (Table 2).
The neonates of mothers in the inadequate GWG group
were more likely to be SGA and require admission to the
NICU (aOR, 1.92 and 1.44, 95% CI, 1.42–2.60 and 1.01–
1.95, respectively). Twins of mothers with excessive GWG
tended to be LGA (aOR, 1.79, 95% CI, 1.15–2.81). The odds
of lower Apgar scores were higher in the inadequate GWG
group; however, they were not significant after considering
other confounders (Table 3).

between the 3 groups. The maternal age was highest in
the inadequate GWG group; and the height, pre-pregnancy
weight, and BMI were highest in the excessive GWG group
(P<0.001). The excessive GWG group had a higher prevalence of preexisting DM than the other 2 groups (P=0.029).
There were no significant differences in the prevalence of
nulliparity, dichorionicity, and preexisting HTN between the 3
groups.
There were significantly higher incidences of preterm labor,
PPROM, preterm birth, and GDM in the inadequate GWG
group than in the other 2 groups (all P<0.001 except for
PPROM [P=0.018]). However, the prevalences of HTN during
pregnancy and PE were highest in the excessive GWG group
(all P<0.001). The mode of birth differed slightly between the
3 groups; for example, cesarean section was more prevalent
in the excessive GWG group and operative deliveries were
more common in the inadequate GWG group; however, the
results were statistically insignificant.
Regarding neonatal outcomes, the incidences of infants
who were SGA, required NICU admission, or had Apgar
scores <7 at 1 minute and 5 minutes were highest in the inadequate GWG group; the proportions of infants who had a
mean birth weight >2,500 g and were LGA were highest in
the excessive GWG group (all P<0.001 except Apgar scores
<7 at 1 minute [P=0.003] and 5 minutes [P=0.004]). The
adequate GWG group showed the lowest NICU admission

Table 2. The risks for the maternal outcomes in the inadequate and excessive gestational weight gain (GWG) groups compared to the
adequate GWG group (reference group)
Characteristics

Inadequate GWG

Excessive GWG

Unadjusted

Adjusted

Unadjusted

Adjusted

Preterm labor

1.92 (1.51–2.44)

1.96 (1.52–2.53)

0.79 (0.49–1.26)

0.78 (0.47–1.28)

PPROM

1.27 (0.96–1.68)

1.34 (0.99–1.81)

0.60 (0.33–1.08)

0.62 (0.34–1.13)

<37

1.37 (1.11–1.69)

1.39 (1.11–1.73)

1.03 (0.73–1.47)

0.88 (0.61–1.28)

<34

2.24 (1.61–3.12)

2.33 (1.63–3.34)

1.29 (0.72–2.32)

1.13 (0.60–2.12)

<32

2.90 (1.76–4.75)

2.95 (1.74–5.01)

1.44 (0.60–3.44)

1.03 (0.39–2.69)

Preterm birth (wk)

4.30 (2.01–9.23)

4.47 (2.06–9.67)

2.11 (0.63–7.10)

1.55 (0.44–5.41)

HTN during pregnancy

<30

0.45 (0.33–0.62)

0.43 (0.30–0.60)

1.63 (1.08–2.48)

1.26 (0.80–1.99)

Preeclampsia

0.52 (0.35–0.70)

0.49 (0.32–0.76)

1.67 (1.01–2.76)

1.32 (0.76–2.31)

Gestational DM

2.91 (1.96–4.33)

3.38 (2.17–5.27)

1.27 (0.61–2.62)

1.23 (0.57–2.66)

Data are presented as odds ratio (95% confidence interval), calculated using univariate and multivariate logistic regression analysis. Adjusted
for age, nulliparity, prepregnancy body mass index, preexisting HTN, preexisting DM, and dichorionicity.
PPROM, preterm premature rupture of membranes; HTN, hypertension; DM, diabetes mellitus.
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cessive GWG and BMIs under 23 kg/m2 (aOR, 9.11, 95% CI,
1.49–55.76), which was different from the original results
showing no association between preterm birth and excessive
GWG. Women with excessive GWG and BMIs over 23 kg/m2
showed an increased risk of the infants being LGA and a decreased risk of the infants being of SGA.
Sub-group analysis was conducted to evaluate the etiologies of preterm birth according to the GWG groups of the

Table 4 presents the aORs for the major maternal and neonatal outcomes according to the BMI and GWG categories.
The risks of major outcomes in women who had inadequate
GWG and BMIs under 23 kg/m2 were similar to those in the
total population. In women with BMIs over 23 kg/m2, only
preterm labor and HTN during pregnancy were associated
with inadequate GWG. In particular, there was a higher risk
of preterm birth before 30 weeks in women with both ex-

Table 3. The risks for the neonatal outcomes in the inadequate and excessive gestational weight gain (GWG) groups compared to the
adequate GWG group (reference group)
Inadequate GWG

Characteristics

Excessive GWG

Unadjusted

Adjusted

Unadjusted

Adjusted

Mean birth weight >2,500 g

0.50 (0.41–0.62)

0.56 (0.43–0.72)

1.46 (1.03–2.06)

1.94 (1.22–3.07)

SGA

1.99 (1.50–2.63)

1.92 (1.42–2.60)

0.63 (0.35–1.14)

0.54 (0.29–1.03)

LGA

0.48 (0.34–0.69)

0.51 (0.35–0.74)

2.16 (1.41–3.30)

1.79 (1.15–2.81)

NICU

1.90 (1.52–2.39)

1.44 (1.01–1.95)

1.19 (0.80–1.77)

1.02 (0.64–1.63)

Apgar score 1 min <7

1.60 (1.25–2.05)

1.12 (0.84–1.48)

0.96 (0.60–1.54)

0.65 (0.38–1.13)

Apgar score 5 min <7

2.14 (1.32–3.48)

1.52 (0.88–2.62)

1.79 (0.82–3.90)

1.47 (0.66–3.24)

Data are presented as odds ratio (95% confidence interval), calculated using a generalized estimating equation. Adjusted for age, nulliparity,
pre-pregnancy body mass index, gestational age at birth, preeclampsia, gestational diabetes mellitus, dichorionicity, and fetal sex.
SGA, small for gestational age; LGA, large for gestational age; NICU, neonatal intensive care unit.

Table 4. The risks for the maternal and neonatal outcomes in the inadequate and excessive gestational weight gain (GWG) groups compared to the adequate GWG group (reference group): subgroup analysis according to the body mass index (BMI) categorization (cut-off:
23 kg/m2)
BMI <23 kg/m2 (UW, NW)

Characteristics

BMI ≥23 kg/m2 (OW, OB)

Inadequate GWG

Excessive GWG

Inadequate GWG

Excessive GWG

1.99 (1.49–2.64)

0.93 (0.50–1.71)

1.79 (1.00–3.18)

0.60 (0.26–1.37)

1.51 (1.06–2.16)

0.80 (0.36–1.78)

1.13 (0.62–2.08)

0.46 (0.19–1.11)

<37

1.56 (1.23–1.99)

0.86 (0.54–1.37)

0.85 (0.49–1.47)

0.76 (0.40–1.45)

<34

2.59 (1.23–1.99)

0.98 (0.39–2.50)

2.00 (0.98–3.93)

1.26 (0.53–3.02)

<32

4.69 (2.26–9.71)

2.42 (0.70–8.36)

1.49 (0.63–3.56)

0.48 (0.12–1.86)

12.41 (2.95–52.22)

9.11 (1.49–55.76)

1.59 (0.57–4.45)

0.33 (0.06–2.05)

a)

Preterm labor
a)

PPROM

Preterm birth (wk)a)

<30
a)

HTN during pregnancy

0.39 (0.26–0.59)

1.32 (0.72–2.42)

0.49 (0.24–0.99)

1.24 (0.61–2.52)

Gestational DMa)

5.55 (2.89–10.66)

1.97 (0.59–6.61)

1.94 (0.98–3.81)

0.75 (0.28–2.02)

SGAb)

2.36 (1.65–3.36)

1.06 (0.54–2.08)

1.10 (0.56–2.15)

0.06 (0.01–0.45)

b)

0.44 (0.28–0.68)

1.63 (0.90–2.94)

0.79 (0.35–1.76)

2.32 (1.12–4.78)

LGA

UW, underweight; NW, normal weight; OW, overweight; OB, obese; PPROM, preterm premature rupture of membranes; HTN, hypertension;
DM, diabetes mellitus; SGA, small for gestational age; LGA, large for gestational age.
a)
Data are presented as odds ratio (95% confidence interval), calculated using univariate and multivariate logistic regression analysis. Adjusted
for age, nulliparity, pre-pregnancy BMI, preexisting HTN, preexisting DM, and dichorionicity; b)Data are presented as odds ratio (95% confidence interval), calculated using a generalized estimating equation. Adjusted for age, nulliparity, pre-pregnancy BMI, gestational age at birth,
preeclampsia, gestational DM, dichorionicity, and fetal sex.
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women who gave birth before 34 weeks (Table 5). According
to the GWG groups, the frequency of spontaneous preterm
birth (due to preterm labor or PPROM) showed a linear association, which was the highest in the inadequate GWG
group (80% vs. 75.9% vs. 46.7% for inadequate vs. adequate vs. excessive GWG, P<0.05).

Discussion
According to the results of this study, in terms of the maternal outcomes, women with inadequate GWG had a higher
risk of preterm birth and preterm labor, and a lower risk of
HTN during pregnancy, including PE, than women with adequate GWG.
Preterm birth is the most important obstetric outcome.
Many previous studies have investigated this subject and
have found an association between GWG and preterm birth
[15,19-22]. However, the results are conflicting. A strong
association between GWG and preterm birth was first demonstrated by Fox et al. [15]. According to their study, women
with inadequate GWG had an incidence of preterm birth
that was 3 times higher than women with normal weight
gain. Subsequent studies have also shown an increased risk
of preterm birth in women with low GWG [15,19,23]. However, some studies have reported that there is no association
between GWG and preterm birth [20,21]. These conflicting
results might have stemmed from differences in the research
populations and methods. In our study, most of the study
population comprised Korean women who had delivered in
the past 14 years. Such a large monoethnic population can
provide more accurate results about the relationship between
GWG and preterm birth in modern Korean mothers with
twin pregnancies. According to our results, after subgroup
analysis according to the BMI categorization, the risk of preterm birth was increased in women with inadequate GW, in
those who had normal weights (BMI under 23 kg/m2), and

in those with excessive GWG. These results were consistent
with those in large studies conducted for singleton pregnancies in Korea and China [12,24]. Taken together, both inadequate and excessive GWG might be risk factors for preterm
birth.
According to the subgroup analysis of women with preterm births, the rate of spontaneous preterm birth (preterm
labor and PPROM) was increased, but that of medically
indicated preterm birth (HTN, SGA, etc.) was decreased in
the inadequate GWG group. In addition, the etiologies of
preterm birth showed a linear association according to the
GWG group. Fox et al. [15] and Kosinska-Kaczynska et al.
[21] reported similar results to those in our study. Based on
these results, the increase in preterm birth in women with
inadequate GWG was attributed more to preterm labor than
to SGA.
Many studies have reported that excess GWG can increase
the risk of GDM [25-27]. However, our study showed that
the proportion of women with GDM was higher in the inadequate GWG group. Women who were diagnosed with
GDM tended to control their weight more than others; thus,
women with GDM were likely to have been assigned to the
inadequate GWG group. Similar findings were reported by
Lee et al. [28]. As lower GWG is a crucial factor for optimal
outcomes in mothers with GDM [29,30], these women strive
to reduce their GWG. According to a study by Katon et al.
[31], women with GDM gained weight at an average of
9.1 kg before being diagnosed with GDM, but after diagnosis the average weight gain was 2.02 kg. These findings support our results. However, we have considered that further
analysis and investigations are required to evaluate these
contradictory results.
Regarding the neonatal outcomes, when compared to the
normal reference population, neonates who were born to
women with inadequate GWG had a higher risk of being
SGA, and those born to women with excessive GWG had
a higher risk of being LGA. Previous studies have already

Table 5. Etiologies of preterm birth <34 weeks of gestation according to the gestational weight gain (GWG) group
Inadequate GWG
(n=140)

Adequate GWG
(n=54)

Excessive GWG
(n=15)

P-value

Spontaneous preterm birth

112 (80.0)

39 (75.9)

7 (46.7)

0.014

Medically indicated preterm birth

28 (20.0)

13 (24.1)

8 (53.3)

Characteristics

Data are presented as number (%) for variable. The P-value from χ2 test was used for the trend.
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reported an association between inadequate GWG and neonates who are SGA, and excessive GWG and neonates who
are LGA [32-35]. Li et al. [32] analyzed the data from 33,973
pregnancies in the Chinese population and reported that the
aORs for LGA infants with excessive GWG and SGA infants
with inadequate GWG were 2.32 and 1.41, respectively (95%
CI, 2.12–2.53 and 1.26–1.57, respectively). Another study of
1,482 twins indicated that the inadequate GWG group had
a higher risk of being SGA (aOR, 1.44; 95% CI, 1.01–2.06)
[35]. Our results were consistent with previous study findings. These findings are meaningful for Korean women with
twin pregnancies as they indicate that the IOM guidelines
may be used appropriately for counseling about the weight
of newborn babies.
There are several risk factors for adverse maternal and
infant outcomes. Some of these risk factors, such as GWG,
are modifiable, meaning they can be changed to help reduce
risk. Several studies reported that having a weight gain goal
played an important part in gaining an appropriate amount
of gestational weight. Therefore, physicians should suggest
lifestyle interventions to patients for optimal GWG.
To our knowledge, this study included the largest study
population in a recent period to evaluate whether the IOM
guidelines can be applied to Korean women with twin
pregnancies. In addition, our study provided reliable results
through multivariate analysis of factors such as maternal
outcomes through binary logistic regression and neonatal
outcomes by the GEE. Although the gestational age at birth,
chorionicity, and fetal sex are important variables that can
lead to adverse outcomes, many previous studies did not correct for them [34,36-39]. In addition, GEE analysis, which is
a method used to adjust for the correlation between twins,
was not performed in previous studies despite its necessity
[22,34,36,39].
However, there are some limitations to this study. Due to
the retrospective nature of our study, we calculated GWG/
week using the methods proposed by Fox et al. [15]. It is a
simple method, but it cannot provide the exact GWG/week
because the increase in the rate of weight gain in the 1st
trimester is different from that in 2nd and 3rd trimesters [40].
Therefore, it is necessary to identify the relationship between
weight gain and outcomes by separating the weight gain
in the 1st trimester from that after the 2nd trimester. When
we addressed weight gain issues, we did not consider caloric
excess and fluid overload. To do this, the maternal diet and
www.ogscience.org

amount of generalized edema need to be assessed, but data
on these factors could not be obtained due to the retrospective nature of the study. In addition, there were not enough
women in the excessive GWG group to obtain significant
findings. Moreover, a large number of the women were
classified into the inadequate GWG group. Furthermore, although an association between GWG and adverse outcomes
was identified, a cause-and-effect association was not clear.
This means that it was unclear if the baby was small because
of low GWG or if the GWG was low because the baby was
small. Further prospective studies are necessary to analyze
this association and set a clear standard for GWG while considering this point, as well as to set an appropriate standard
for weight gain specifically for Korean women with twin
pregnancies.
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Distribution of lymphocele following lymphadenectomy
in patients with gynecological malignancies
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Objective
This study identified the distribution of lymphocele, as well as the factors associated with lymphocele formation,
in patients undergoing pelvic and/or para-aortic lymph node dissection (PLND and/or PALND) for gynecologic
malignancies.
Methods
This study was retrospective, and data were collected from patients who underwent surgical procedures including
lymphadenectomy due to gynecologic malignancies from March 2013 to May 2016. Lymphocele was defined by
postoperative computer tomography within 2 weeks after surgery.
Results
A total of 116 patients underwent lymphadenectomy, of whom, 47 (42.0%) developed lymphocele and 14 (12.1%)
had symptomatic lymphocele formation. The affecting factors of lymphocele formation were PLND concomitant with
PALND and a large amount of blood loss ≥600 mL (P=0.030 and P=0.006, respectively). All clinical factors were not
significantly different between patients with symptomatic and asymptomatic lymphocele. Lymphocele developed
more frequently in the left side (67.1%) of the body compared to the right side (48.7%), and in the pelvic area (75.9%)
compared to the para-aortic area (24.1%, P<0.001, both).
Conclusion
Lymphocele formation is more prevalent in the left and pelvic area of the body compared to the right and paraaortic side. PLND concurrent with PALND and large amounts of blood loss were significant risk factors for lymphocele
formation.
Keywords: Lymphocele; Lymph node excision; Genital neoplasms, female

Introduction
Lymphadenectomy is the removal of one or more groups of
lymph nodes by surgery, and is a crucial part of diagnosis and
treatment of gynecological malignancies such as cervical, endometrial or ovarian cancer [1]. However, lymphadenectomy
can induce complications such as lymphocele, lymphedema
and bleeding [2]. Lymphocele formation is the most common
complication following injury to lymphatic vessels following lymphadenectomy [3]. Although most lymphocele are
asymptomatic and are usually detected incidentally, symptomatic lymphocele occur in about 5–34.5% of cases [4].
Symptomatic lymphocele can seriously affect patients’ quality
700
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of life and interfere with adjuvant treatment [4].
A variety of clinical and surgical factors might be correlated
with the occurrence of lymphocele: body mass index (BMI);
cancer type; postoperative radiation therapy; the number of
lymph nodes obtained; the number of tumor-positive lymph
nodes; surgical methods; radical surgery; and the degree of
lymphadenectomy [5]. However, the correlation between
these factors and lymphocele formation showed conflicting results [4,6-8]. Until now, most studies have focused on
the causes underlying lymphocele. There is a paucity of data
discussing the distribution of lymphocele after pelvic and/or
para-aortic lymph node dissection (PLND and/or PALND) in
gynecological malignancies. The purpose of this study was to
identify the distribution of lymphocele and factors associated
with lymphocele formation in patients undergoing PLND
and/or PALND in gynecological cancer.

Materials and methods
1. Patients
Data were collected from patients who underwent surgical
procedures including PLND and/or PALND due to cervical,
ovarian, or endometrial cancers in Chungnam National University Hospital from March 2013 to May 2016. Patients with
gynecological malignancy who failed to undergo lymphadenectomy and those with inoperable medical conditions and
failure to undergo postoperative imaging evaluation were
excluded from this study. Patients’ data such as basic demographics, cancer stage and histology, and detailed surgical
information including the extent of surgery, type of lymphadenectomy, number of removed and positive lymph nodes,
neoadjuvant or adjuvant treatments, duration of hospital
stay, size of lymphocele and complications associated with
lymphoceles were collected by reviewing the medical records.
All the patients’ records of postoperative symptoms were
collected, and the lymphocele was defined as symptomatic if
the symptoms were possibly related to the lymphocele such
as flank pain due to hydronephrosis, urinary urgency, venous
thrombosis and lymphedema, infection, or pain of the lower
extremities.
2. Pre and postoperative work-up
Preoperative work-up to evaluate the extent of the disease
included imaging studies (computed tomography [CT], magwww.ogscience.org

netic resonance imaging, and positron emission tomographyCT), endoscopic work-up (esophagogastroduodenoscopy,
colonoscopy, proctoscopy, and cystoscopy), and tumor markers (carcinoembryonic antigen, squamous cell carcinoma,
cancer antigen [CA] 125, and CA 19-9), as needed within
1 month. Postoperative CT follow-up was carried out in all
patients within 2 weeks after surgery. All patients were followed with a CT scan every 6 months for 2 years. A lymphocele was defined as a low-attenuated fluid-filled cyst without
an epithelial lining. The largest diameter and the location of
lymphoceles were recorded. All of the patients were followed
up for at least 6 months after surgery.
3. Surgical procedures
All patients underwent primary surgery to remove tumors
either primarily or after neoadjuvant treatment. PLND and/
or PALND were performed as part of staging and treatment
in patients with endometrial, cervical and ovarian cancers
using bipolar energy by one of 2 experienced gynecological
oncologists. Lymphadenectomy was defined as the excision
of all fibro-fatty tissues along the surrounding blood vessel. The procedure was carried out using either laparotomy
or laparoscopy; however, the extent and the performance

Right para-aortic area

Left para-aortic area

Right pelvic area

Left pelvic area

Fig. 1. Area of lymphadenectomy. Lymphadenectomy was divided
into 4 sections based on aortic bifurcation and aorta center; left
pelvic area, right pelvic area, left para-aortic area, right para-aortic
area.
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were identical in both approaches. In PLND, lymphatic tissue
was obtained from the external iliac, common iliac, obturator and internal iliac regions from the vena circumflexa ilium
profunda up to aortic bifurcation. In PALND, lymphatic tissue
was obtained from the paracaval, interaortocaval, and paraaortic regions from the aortic bifurcation up to the level of

both renal veins. In this study, the area in which lymphadenectomy was performed was divided into 4 sections based
on aortic bifurcation and the center of aorta; the left pelvic
area, right pelvic area, left para-aortic area, right para-aortic
area (Fig. 1). A Jackson-Pratt drain was inserted in all patients
and removed when the amount of fluid drained was less

Table 1. Comparison of patients with lymphocele and patients without lymphocele
Patients with lymphocele
(n=47)

Patients without lymphocele
(n=69)

P-value

Age

52.9±11.4 (31–76)

52.9±11.4 (13–75)

0.713

BMI

23.7±3.5 (18–32)

24.9±4.0 (18–41)

0.103

Characteristics

DM

4 (8.5)

5 (7.2)

0.533

Hypertension

9 (19.1)

16 (23.2)

0.389

13 (27.7)

24 (34.8)

0.274

Cervical cancer

8 (17.0)

25 (36.2)

Ovarian cancer

24 (51.1)

22 (31.9)

Endometrial cancer

15 (31.9)

22 (31.9)

Prior abdominal surgery
Type of cancer

0.045

Stage
I

0.516
29 (63.0)

48 (67.2)

II

3 (6.5)

5 (7.5)

III

10 (21.7)

8 (11.9)

IV

4 (8.7)

9 (13.4)

Neoadjuvant CTx

5 (10.6)

8 (11.6)

0.697

Postoperative CTx

28 (59.6)

34 (49.3)

0.424

Postoperative RTx

10 (21.3)

19 (27.5)

0.511

Laparoscopy

9 (19.1)

28 (40.6)

Laparotomy

38 (80.9)

41 (59.4)

PLND

46 (97.9)

68 (98.6)

0.648

PLND with PALND

40 (85.1)

33 (47.8)

<0.001

67 (97.1)

0.352

Approach method

0.016

Operation type

Surgical glue apply

47 (100.0)

Operation time (min)

329.64±129.40 (132–635)

Estimated blood loss (mL)

814.9±1,100.7 (100–6,000)

No. of removed lymph nodes
No. of positive lymph nodes
Lymphorrhea (mL)
Duration of hospital stay (day)

306.61±142.30 (91–702)
458.8±543.2 (20–3,000)

0.377
0.044

37.3±19.8 (3–92)

29.5±16.0 (7–73)

0.020

1.9±4.4 (0–23)

0.9±2.1 (0–12)

0.161

5,272±9,557 (0–60,926)

0.350

15.8±8.2 (3–44)

0.044

6,774±6,527 (402–26,995)
20.7±8.4 (9–44)

Data are presented as mean±standard deviation (range) or number (%).
BMI, body mass index; DM, diabetes mellitus; CTx, chemotherapy; RTx, radiotherapy; PLND, pelvic lymph node dissection; PALND, para-aortic
lymph node dissection.
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than 100 mL per day for 2 consecutive days. A few patients
with a large amount of lymphorrhea were discharged from
the hospital without removing the Jackson-Pratt drain and
were asked to maintain records of the amount of drainage
at home. Adjuvant therapies such as chemotherapy or radiotherapy were performed in patients depending on malignancies 3 to 4 weeks postoperatively.
4. Statistical analysis
The characteristics of patients with and without lymphocele

were compared using t -test for continuous variables and
χ2 test (or Fisher’s exact test when the expected frequency
within any cell was less than 5) for categorical variables.
The incidence of lymphocele formation in each section after lymphadenectomy, and the number of harvested lymph
nodes was compared among different sites using 2 sample
t- test and chi-squared test. A P -value of <0.05 was considered statistically significant. All analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

Table 2. Univariate and multivariate analysis of lymphocele formation
Predictors

Univariate
OR (95% CI)

BMI

Multivariate
P-value

OR (95% CI)

P-value

0.848

<25

1.000

≥25

1.059 (0.671–1.670)

Age

0.611

<55

1.000

≥55

1.214 (0.576–2.560)

DM

0.533

No

1.000

Yes

1.191 (0.302–4.688)

Surgical hemostatic glue application

0.352

No

1.000

Yes

0.971 (0.932–1.011)

Surgical approach

0.016

Laparoscopy

1.000

Laparotomy

1.458 (1.102–1.929)

Lymphadenectomy

0.871
1.000
1.091 (0.381–3.120)

<0.001

PLND only

1.000

PLND with PALND

5.637 (2.301–13.807)

No. of removed lymph nodes

0.016
1.000
3.575 (1.267–10.088)

0.067

<40

1.000

≥40

1.433 (0.976–2.103)

Estimated blood loss (mL)

<0.001

<600

1.000

≥600

5.867 (2.373–14.503)

Type of cancer

0.011
1.000
3.598 (1.349–9.599)

0.346

Other types of cancer

1.000

Ovarian cancer

1.685 (0.569–4.987)

OR, odds ratio; CI, Confidence interval; BMI, body mass index; DM, diabetes mellitus; PLND, pelvic lymph node dissection; PALND, para-aortic
lymph node dissection.
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Results
1. Demographics
A total of 116 patients underwent lymphadenectomy from
March 2013 to May 2016. Basic characteristics of patients
are listed in Table 1. Among 116 patients, 33 were diag-

nosed with cervical cancer, 46 with ovarian cancer, and 37
with endometrial cancer. PLND was performed in all except
2 patients (1 patient with ovarian cancer, the other with endometrial cancer) who only underwent PALND. The number
of patients who underwent PALND was 73. According to
cancer subtype, 33.3% (11/33) of patients with cervical can-

Table 3. Comparison of patients with symptomatic and asymptomatic lymphocele
Symptomatic lymphocele
(n=14)

Asymptomatic lymphocele
(n=33)

Age

52.1±10.3 (35–70)

54.4±11.9 (31–76)

0.386

BMI

24.4±3.4 (19–32)

23.4±3.5 (18–32)

0.444

Characteristics

DM

1 (7.1)

3 (9.1)

P-value

0.646

Hypertension

2 (14.3)

7 (21.2)

0.437

Prior abdominal surgery

2 (14.3)

11 (33.3)

0.150

Type of cancer

0.956

Cervical cancer

2 (14.3)

6 (18.2)

Ovarian cancer

7 (50.0)

17 (51.5)

Endometrial cancer

5 (35.7)

10 (30.3)

I

10 (71.4)

19 (59.4)

II

1 (7.1)

2 (6.3)

III

3 (21.4)

7 (21.9)

IV

0 (0)

4 (12.5)

Neoadjuvant CTx

1 (7.1)

4 (12.1)

Postoperative CTx

10 (71.4)

18 (54.5)

0.332

Postoperative RTx

2 (14.3)

8 (24.2)

0.347

Stage

0.677

Approach

0.646

0.263

Laparoscopy

4 (28.6)

5 (15.2)

Laparotomy

10 (71.4)

28 (84.8)

PLND

14 (100)

32 (97.0)

0.696

PALND

11 (78.6)

29 (87.9)

0.358

14 (100.0)

33 (100)

0.352

Operation type

Surgical glue apply
Operation time

308.0±108.2 (192–504)

Estimated blood loss (mL)

621.4±553.6 (100–2,000)

No. of removed lymph nodes
No. of positive lymph nodes
Lymphorrhea (mL)
Size of lymphocele (cm)
Duration of hospital stay (day)

43.1±26.4 (4–92)
1.5±3.7 (0–14)
6,320.5±4,594.6 (1,327–19,152)
8.3±3.0 (4.5–13.2)
21.7±8.3 (10–37)

338.8±137.9 (132–635)

0.508

897.0±1,262.5 (100–6,000)

0.425

34.9±16.1 (3–67)

0.224

2.0±4.7 (0–23)
6,966.3±7,248.5 (402–26,995)
7.9±3.9 (2.2–17.3)
20.3±8.5 (9–44)

0.864
0.709
0.735
0.397

Data are presented as mean±standard deviation (range) or number (%).
BMI, body mass index; DM, diabetes mellitus; CTx, chemotherapy; RTx, radiotherapy; PLND, pelvic lymph node dissection; PALND, para-aortic
lymph node dissection.
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8 (40.0)
16 (24.1)
15.2±9.5 (0–51)

4.2±2.0 (1.6-11.0)

2.8±1.0 (1.3-5.5)

Pelvic side (left and right pelvic) LND (115)

Para-aortic (left and right para-aortic) LND (74)

Data are presented as mean ± standard deviation (range) or number (%).
LND, lymph node dissection.

5.8±2.8 (1.3–11.0)

3.7±1.5 (1.6–6.6)

Left side (left pelvic and/or para-aortic) LND (189)

Right side (right pelvic and/or para-aortic) LND (188)

<0.001

19.1±7.9 (2–36)

0.003

44 (75.9)

<0.001

0.043
56 (29.6)
14.6±8.9 (0–41)
0.002

0.859

14.3±7.9 (0–38)

2.8±1.0 (1.3–5.5)
Right para-aortic LND (73)

0.224

38 (20.2)

2 (2.7)
7.3±4.7 (0–23)

2.9±0.8 (2.3–3.5)
Left para-aortic LND (74)

8.1±6.5 (0–30)

3.7±1.3 (1.6–6.6)
Right pelvic LND (116)

9.8±5.1 (0–23)

0.417

14 (18.9)

36 (31.3)

0.003

12 (60.0)

8(38.1)

0.484

0.481
13 (61.9)
0.405
43 (37.4)
0.546
9.4±4.4 (1–22)
0.233
4.1±2.3 (1.3–11.0)
Left pelvic LND (114)

Symptomatic
lymphocele
P-value
Lymphocele
formation
P-value
No. of nodes
obtained
P-value
Size of
lymphocele
Sites

2. Risk factors for lymphocele formation
BMI, age, diabetes mellitus, the use of surgical hemostatic
glue, the number of removed lymph nodes, and the type
of cancers did not affect lymphocele formation according
to univariate analysis (Table 2). However, univariate analysis
showed that factors such as a surgical approach with either
laparoscopy or laparotomy (P =0.016), the extent of lymphadenectomy such as PLND only or PLND with PALND (P <0.001),
and the estimated blood loss <600 mL or ≥600 mL (P <0.001)
were correlated with lymphocele formation. Multivariate
analysis was performed with statistically significant variables
in univariate analyses. The extent of lymphadenectomy and

Table 4. Lymphocele formation and number of obtained lymph nodes by site

cer, 95.7% (44/46) of patients with ovarian cancer, 48.6%
(18/37) of patients with endometrial cancer underwent
PALND. The median number of lymph nodes removed by
lymphadenectomy was 29 (range: 3–92). A total of 30 patients had lymph node metastasis.
A total of 47 patients (40.5%) developed lymphocele
identified by CT scan and the median time from surgery to
diagnosis was 10.5 days (range: 6–242 days). There were
no differences in BMI, age, diabetes mellitus, hypertension
or history of previous abdominal surgery between patients
with and without lymphocele. Stages of cancer according
to each type of cancer were not significantly different between patients with and without lymphocele. There were
no patients who received neoadjuvant radiotherapy, and
percentages of patients who received neoadjuvant or adjuvant chemotherapy, and postoperative radiotherapy were
not significantly different between the 2 groups. Laparotomy
approach and PLND concurrent with PALND were associated
with a significantly higher incidence of lymphocele formation
than the laparoscopic approach and PLND alone (P =0.016
and P <0.001, respectively). No significant difference in the
total amount of lymphorrhea was detected between the
with lymphocele and without lymphocele groups (6,774 mL
in lymphocele group vs. 5,272 mL in no lymphocele group,
P =0.350). A total of 14 patients were discharged from the
hospital with Jackson-Pratt drain in situ . Patients with lymphocele formation had a significantly higher number of
lymph nodes removed (P =0.020), without any significant
difference in the number of positive lymph nodes. Estimated
blood loss during the operation as well as the duration of
the hospital stay was significantly higher in patients with
lymphocele (P =0.044 and P =0.044, respectively, Table 1).
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the large amount of blood loss were significantly associated
with lymphocele formation in multivariate analysis (P =0.016
and P =0.011, respectively).
3. Symptomatic and asymptomatic lymphocele
Table 3 presents the comparison between patients with
symptomatic and asymptomatic lymphocele. Among 47
patients with lymphocele, 14 patients (29.8%) complained
of symptoms related to lymphoceles and all symptomatic
lymphocele were located in the pelvic area. The number of
patients who received lymphocele drainage via percutaneous
catheter insertion for symptom relief was 5. The median time
for lymphocele regression was 116 days (range: 6–618 days).
Basic characteristics were comparable between the 2 groups,
and all the factors including cancer stage and type, surgi-

cal approach, extent of lymphadenectomy, operation time,
estimated blood loss, and number of removed lymph nodes
were not significantly different between patients with symptomatic and asymptomatic lymphocele. The incidence of
symptomatic lymphocele formation was not significantly different between the left and right sides of the body (Table 4).
There were no patients who experienced delay of scheduled
adjuvant chemotherapy or radiotherapy due to symptomatic
lymphocele formation.
4. Lymphocele distribution
Table 4 shows the comparative incidence of lymphocele formation after lymphadenectomy in the left and right sides,
and the pelvic and para-aortic areas. The number of obtained
lymph nodes were not different between the left and right

Table 5. Comparison of patients with left and right side lymphocele
Left side lymphocele
(n=56)

Right side lymphocele
(n=138)

P-value

Age

53.04±10.90

54.53±11.60

0.528

BMI

24.1±4.0

24.1±3.5

0.997

DM

5 (8.9)

3 (7.9)

0.586

Hypertension

8 (14.3)

7 (18.4)

0.775

Cervical cancer

8 (14.3)

6 (15.8)

Ovarian cancer

33 (58.9)

19 (50.0)

Endometrial cancer

15 (26.8)

13 (34.2)

Characteristics

Type of cancer

0.677

Stage
I

0.553
31 (57.4)

26 (70.3)

II

7 (13.0)

2 (5.4)

III

12 (22.2)

7 (18.9)

IV

4 (7.4)

2 (5.4)

Neoadjuvant CTx

5 (8.9)

4 (10.5)

0.531

Postoperative CTx

42 (75.0)

23 (60.5)

0.174

Postoperative RTx

12 (21.4)

8 (21.1)

0.588

Laparoscopy

10 (17.9)

7 (18.4)

Laparotomy

46 (82.1)

31 (81.6)

Operation time (min)

340.7±126.4

324.7±122.6

0.543

Estimated blood loss (mL)

783.9±999.5

746.1±897.2

0.851

6,465.6±5,865.2

6,745.7±6,575.5

0.829

20.5±7.1

20.1±7.7

0.739

Approach method

Lymphorrhea (mL)
Duration of hospital stay (day)

0.576

Data are presented as mean±standard deviation (range) or number (%).
BMI, body mass index; DM, diabetes mellitus; CTx, chemotherapy; RTx, radiotherapy.
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side, but the size of the lymphocele was significantly larger in
the left side compared to the right side (5.8±2.8 vs. 3.7±1.5,
P =0.002).
Pelvic lymphocele development was not significantly different between the left and right sides (P =0.405), but paraaortic lymphocele formation was more prevalent in the
left para-aortic area than in the right para-aortic area after
PALND (P =0.003). Left sided (left pelvic and/or para-aortic
area, 29.6%) lymphocele formation was dominant compared
to the incidence of right-sided (right pelvic and/or para-aortic
area, 20.2%) lymphocele (P =0.043). Lymphocele formation
was significantly higher in the pelvic area (75.9%) than in
the para-aortic area (24.1%) (P <0.001).
Other baseline characteristics were analyzed between left
and right side lymphocele (Table 5). There were no significant
difference between 2 groups in age, BMI, diabetes mellitus,
hypertension, use of surgical hemostatic glue, number of
removed lymph nodes, type of cancers, stage of cancer, approach method, amount of lymphorrhea or estimated blood
loss.

Discussion
Distribution of lymphocele varies with pelvic and para-aortic
lymphadenectomy in gynecological malignancies [4,7,9].
However, none of these studies emphasized the asymmetry
of lymphocele distribution or compared the asymmetry. In
this study, lymphocele developed more frequently in the left
side of the body compared to the right side, and in the pelvic
area compared to the para-aortic area. This kind of left-right
asymmetry may be explained by differences in lymphatic
drainage, and influence of peritoneal fluid movements, as
Ayhan et al. [10] suggested. In their study, left side unilateral
epithelial ovarian cancer was more likely to metastasize to
the left iliac lymph nodes than the right side. In the present
study, we found that lymphocele distribution was significantly different depending on the body area. However, further
studies are needed to confirm these results.
Many studies showed that a variety of clinical factors affect
lymphocele formation after PLND and/or PALND in gynecological malignancies [2,4,6,8]. In the present study, factors
such as PLND concurrent with PALND and estimated blood
loss ≥600 mL were significant risk factors for lymphocele formation. Correlation between performances of PALND with
www.ogscience.org

lymphocele formation was consistent with previous reports
[2,4,6,8]. The estimated blood loss during the operation was
only assessed by Tsuda et al. [11], who did not report a higher blood loss as a risk factor for lymphocele formation. This
discrepancy might be attributed to the significant difference
in hemostatic methods, such as tie ligation or use of an electrothermal bipolar vessel sealing device [11]. Further prospective studies without such confounding factors are needed to
confirm the results.
Factors including BMI, the positivity of removed lymph
nodes, and postoperative radiation therapy were not correlated with lymphocele formation in this study. The correlation
between these factors and lymphocele formation has been
disputed in many studies. Kim et al. [1] reported significantly
higher BMI in patients with lymphoceles. However, Zikan et
al. [4] reported the opposite result. The positivity of removed
lymph nodes was correlated with lymphocele formation by
Zikan et al. [4] but not by Tsuda et al. [11]. Postoperative radiotherapy was reported as a risk factor by Kim et al. [7] and
Zikan et al. [4] but not by Achouri et al. [6] or Tsuda et al.
[11]. The correlation between these factors and lymphocele
formation showed conflicting results. These results should be
further confirmed in prospective studies.
The current study reported that symptomatic lymphocele
was not related to the size of the lymphocele and no asymmetry of distribution was found. Symptomatic lymphocele
formation was not associated with factors such as cancer
type, radical hysterectomy or total number of lymph nodes
obtained, which represent 3 major risk factors for symptomatic lymphocele formation reported by Zikan et al. [4]. This
discrepancy might be due to the smaller sample size of this
study. Further prospective studies with larger populations are
needed to confirm these results.
The study limitation relates to the small number of patients
reviewed. Further, since this study was retrospective, a selection bias and other confounders are inevitable. However, to
the best of our knowledge, this study was the first to analyze
the asymmetrical distribution of lymphocele between left
vs. right and pelvic vs. para-aortic regions of the body. Possible asymmetry of lymphocele distribution as well as the risk
factors for lymphocele formation investigated in this study
facilitate the identification of patients at risk of developing
lymphocele and early detection of lymphocele formation.
Moreover, this information could also be helpful in preventing lymphocele formation, by minimizing blood loss during
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surgery wherever possible. Lymphocele formation leads to
longer hospital stays, as shown in this study. Therefore, early
detection and appropriate management of lymphocele, such
as by drainage, result in improved postoperative outcomes in
patients.
In conclusion, lymphocele formation is more prevalent in
the left and pelvic areas of the body compared to the right
and para-aortic side, respectively. PLND concurrent with
PALND and large amounts of blood loss were significant risk
factors for lymphocele formation. Further prospective studies
with larger populations are needed to confirm these results.
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Serum lactate dehydrogenase is a possible predictor of
platinum resistance in ovarian cancer
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Objective
The need for tailoring ovarian cancer treatments to individual patients is increasing. This study aimed to evaluate the
prognostic value of pretreatment laboratory test data for predicting the response and survival outcomes of platinumbased chemotherapy in ovarian cancer.
Methods
We enrolled 270 patients with ovarian cancer diagnosed at the Kyoto Medical Center (n=120; group A) and Kyoto
University (n=150; group B). Data on 9 blood parameters (neutrophil to lymphocyte ratio [NLR], platelet to lymphocyte
rate [PLR], C-reactive protein, lactate dehydrogenase [LDH], glucose, total cholesterol, high-density lipoprotein [HDL],
low-density lipoprotein, and triglyceride levels), cancer pathology, cancer stage, cytoreduction outcomes, serum
cancer antigen 125 levels, platinum-free interval (PFI), disease-free survival (DFS), and overall survival were assessed
retrospectively.
Results
NLR, PLR, LDH, and HDL were significantly different in advanced stage patients (P<0.001, <0.001, 0.029, and <0.001,
respectively). The Kaplan-Meier curves revealed that high LDH level (≥250 U/L) was associated with reduced PFI
(P=0.037 and 0.012) and DFS (P=0.007 and 0.002) in groups A and B, respectively. High NLR (≥4) was associated with
reduced DFS in both groups (P=0.036 and 0.005, respectively). LDH showed higher area under the curve (AUC) values
in predicting platinum resistance with a PFI of less than 6 months and 12 months (AUC=0.606 and 0.646, respectively)
than NLR. In the multivariate analysis, LDH remained significant (P=0.019) after adjusting for the 9 blood parameters.
Conclusion
Serum LDH level may possibly predict platinum resistance and prognosis in ovarian cancer and may be useful when
developing precision medicine for individual patients.
Keywords: Ovarian cancer; Serum; Lactate dehydrogenase; Platinum; Chemotherapy

Introduction
Ovarian cancer is the most lethal gynecologic malignancy
with more than 130,000 deaths every year worldwide [1].
It is called a silent killer, spreading asymptomatically within
the abdominal cavity. Most patients are diagnosed when the
cancer is in the advanced stages and they exhibit poor prognosis, with a 5-year overall survival (OS) rate of 30% at stages III and IV [1]. The treatment of advanced ovarian cancer
remains a critical challenge for clinicians. The primary treatment consists of cytoreductive surgery and chemotherapy.
www.ogscience.org
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The complete removal of tumor through surgery is key to
better disease prognosis [2]. Platinum sensitivity is also one of
the important prognostic factors. A platinum-based chemotherapy is commonly administered as chemotherapy in patients with residual tumor and as adjuvant chemotherapy in
those with ovarian cancer. Platinum-sensitive recurrent ovarian cancer is associated with a median patient survival period
of 2 years; it responds to additional platinum-based chemotherapy, with a response rate ranging from 30% to 90% [3].
Platinum-resistant ovarian cancer, however, has a median
patient survival period of less than 1 year, and response to
subsequent chemotherapy is noted only in less than 15% of
the cases.
Ovarian cancer is a heterogeneous tumor, and the clinical
outcome is variable. Its heterogeneity is characterized according to the biological and molecular profiles, as well as
to the anatomical origin and histological subtype. Therefore,
the need to establish individual therapeutic strategies for the
management of ovarian cancer is increasing. Blood and imaging tests are used as pretreatment tests. Image scanning,
used for diagnosing the clinical cancer stage, is mainly based
on the anatomical information, and the biological heterogeneity is not considered. Thus, the staging system alone is not
sufficient to predict the biological behaviors of a heterogeneous ovarian cancer. Blood tests may be used to predict the
response of the host as well as the biological profile of the
tumor itself. Therefore, identification of more prognostic factors is essential for tailoring the treatment to individual patients. This study aimed to evaluate the role of laboratory test
data obtained prior to treatment for predicting the response
and survival outcomes of platinum-based chemotherapy in
patients with ovarian cancer.

Materials and methods
1. Study design
The study participants were women diagnosed with primary
epithelial ovarian cancer (EOC) at Kyoto Medical Center
between January 2012 and December 2017 (group A). All
women diagnosed with EOC at Kyoto University Hospital
between January 2012 and December 2017 comprised the
external-validation set (group B). The patients’ electronic
medical records were reviewed; the relevant clinical information, such as age, International Federation of Gynecology
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and Obstetrics (FIGO) stage, histology, cytoreduction outcomes (R0, R1, vs. R2), serum cancer antigen 125 (CA125)
levels, data on 9 pretreatment laboratory parameters (neutrophil to lymphocyte ratio [NLR], platelet to lymphocyte rate
[PLR], C-reactive protein [CRP], lactate dehydrogenase [LDH],
glucose, total cholesterol [TC], high-density lipoprotein
[HDL]-cholesterol, low-density lipoprotein [LDL]-cholesterol,
and triglyceride [TG] levels), date of treatment initiation, date
of progression or recurrence, date of last follow-up, and patients’ disease status at last contact, were collected. These 9
pretreatment laboratory parameters were evaluated because
they are related with inflammation and lipid or glucose metabolism, which had been associated with cancer progression. All patients were followed-up until death or until May
31, 2019. All blood samples were collected before treatment.
NLR was defined as the absolute neutrophil count divided
by the absolute lymphocyte count. PLR was defined as the
absolute platelet count divided by the absolute lymphocyte
count. LDL was estimated using the Friedewald formula. R0
was defined as the absence of macroscopic residual tumor
after a cytoreduction surgery. R1 was defined as a maximal
residual tumor diameter of <1 cm after cytoreduction. R2
was defined as a maximal residual tumor diameter of ≥1 cm.
2. Statistical analyses
The association between the baseline clinicopathologic characteristics and 9 pretreatment laboratory parameters was
evaluated using ordinary one-way analysis of variance and
Student’s t-test. Platinum-free interval (PFI) was defined as
the time when the patient was cancer free after receiving a
platinum-based chemotherapy. Disease-free survival (DFS)
was calculated as the time the patient was cancer free after
receiving a particular treatment. OS was calculated as the
duration from the date of first treatment until death or the
last follow-up. The Kaplan-Meier method was used for the
analysis of the PFI, DFS, and OS, while log-rank tests were
used in the univariate and multivariate analyses. A χ2 test for
trend was used to examine the relationships between levels
of LDH and NLR and recurrence. The cut-off values to predict
platinum resistance was determined using receiver operating characteristic curves. Cox proportional hazard models
were applied to evaluate the predictors of platinum resistance and survival in the multivariate analysis. A multivariate
logistic regression model was used to assess the association
www.ogscience.org
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between the 9 blood parameters and platinum resistance.
We sequentially introduced some variables into the model,
such as group, age, FIGO stage, histological type, and cytoreduction outcome, because these factors were known to
be associated with the survival of ovarian cancer patients.
We analyzed groups A and B separately based on PFI, DFS,
and OS, whereas we analyzed the 2 groups together based
on the other parameters. Statistical analyses were performed
using Prism 8 (GraphPad Software, La Jolla, CA, USA). Multivariate analyses were performed using SPSS version 22.0 for
Windows (IBM Japan, Ltd., Tokyo, Japan). A P-value of <0.05
was considered significant.

Results
1. Patient

characteristics and their correlations with
the 9 blood parameters
A total of 270 women were included in the current analysis,
with 120 women in group A and 150 women in group B. Because the platinum-based regimens were only administered
in 223 out of 270 patients, all 270 patients were included in

the analyses of DFS, while 223 were included in the analysis
of PFI. The median age of the studied population was 57
years (range: 23–88 years). Most patients (n=144, 55.9%)
were diagnosed at advanced stage (FIGO stage III or IV), and
the most common pathological type was high-grade serous
carcinoma (n=133, 49.2%). The patient characteristics are
shown in Table 1. The correlations between patients’ clinical
characteristics and the 9 pretreatment laboratory parameters
are summarized in Fig. 1 and Supplementary Table 1. NLR,
PLR, CRP, and LDH were increased in patients with FIGO
stage II–IV (P<0.001, <0.001, 0.029, and <0.001, respectively; Fig. 1A-D). By contrast, HDL was significantly lower in
patients with advanced stages (P<0.001; Fig. 1H). No significant differences were observed in glucose, TC, TG, and LDL
levels (Fig. 1E-G and I). With regard to the histological type,
a significant difference was observed in the LDH and glucose
levels (P=0.041; Supplementary Fig. 1D and E). Patients with
high-grade serous carcinoma showed higher LDH levels than
those with other histological types, such as clear cell carcinoma (P=0.009), endometrioid carcinoma (P=0.002), and
mucinous carcinoma (P=0.006). There was a statistically positive correlation between CA125 and NLR, PLR, CRP, and LDH

Table 1. Patient characteristics
Characteristic
Age at diagnosis (yr)
Preoperative CA125 level (IU/L)

Total (n=270)

Group A (n=120)

57 (23–88)
409 (6.3–52,940)

57 (27–88)
387 (10–52,940)

Group B (n=150)
57 (23–83)
451 (6.3–16,873)

FIGO stage
I

111 (41.1)

55 (45.8)

56 (37.3)

II

15 (5.5)

8 (6.7)

7 (4.7)

III

87 (34.8)

36 (30)

51 (34.0)

IV

57 (21.1)

21 (17.5)

36 (24.0)

133 (49.2)

54 (45.0)

79 (52.7)

Clear cell

60 (22.2)

26 (21.6)

34 (22.7)

Endometrioid

44 (16.2)

15 (12.5)

29 (19.3)

Mucinous

16 (5.9)

11 (9.2)

5 (3.3)

Others

17 (6.2)

14 (11.7)

3 (2.0)

R0

215 (79.6)

88 (73.3)

127 (84.7)

R1

11 (4.1)

6 (5.0)

5 (3.3)

R2

44 (16.3)

26 (21.7)

18 (12.0)

Histology
High-grade serous

Cytoreduction

Values are presented as median (range) or number (%).
CA125, cancer antigen 125; FIGO, International Federation of Gynecology and Obstetrics.
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(Fig. 2A and B). In group B, a high LDH level (≥250 U/L) was
also associated with reduced PFI (P=0.012) and DFS (P=0.002;
Fig. 2D and E). A high NLR (≥4) was associated with reduced
PFI (P=0.024) in group B (Fig. 3D) and reduced DFS in groups
A and B (P=0.036 and 0.005, respectively; Fig. 3B and E).
However, no significant differences were observed in the
LDH level in groups A and B and NLR in group A in terms of
OS (Fig. 2C and F, and Fig. 3C). In group B, high PLR (≥200),
CRP level (≥1.0 mg/dL), and TC level (≥200 mg/dL) were
associated with reduced PFI (P=0.048, <0.001, and 0.009,
respectively), DFS (P=0.029, <0.001 and 0.028, respectively),
and OS (P=0.008, <0.001, and 0.010, respectively); however,
significant differences were not noted in group A (Supplementary Figs. 2-4). Next, we examined whether evaluating
both LDH and NLR has a superior predictive accuracy for
recurrence rather than using a single variable. Patients with
high LDH and NLR exhibited the most frequent recurrence

(P<0.001, 0.045, 0.003, and 0.022, respectively; Supplementary Table 1).
2. Association of 9 blood parameters with survival
analysis, including platinum resistance
In group A, the median follow-up time was 36 (range: 0–84)
months; approximately 42.5% (51/120) of the patients experienced cancer progression or recurrence, while 23.3%
(28/120) died due to cancer progression. The remaining patients survived. In group B, the median follow-up time was
38 (range: 0–86) months; approximately 44.6% (67/150) of
the patients experienced cancer progression or recurrence,
while 16% (24/150) died as a result of cancer progression.
Only LDH and NLR displayed a significant difference in the
survival analysis of groups A and B. For group A, the KaplanMeier curves depicted that a high LDH level (≥250 U/L) was
associated with reduced PFI (P=0.037) and DFS (P=0.007)

NLR

A

PLR

B
P=0.0007a)

40
30

2,500

50

2,000

40

II-IV

TC
P=0.5618

400

300

300

200

200

100

H

II-IV

100
50

0
II-IV

HDL

0
I

I

II-IV

I

II-IV

LDL

P=0.0007a)

P=0.9044
250
200

100

150
100

50

50
0

0
I

150

500

150

100

0

1,000

I

P=0.1971

400

200

-10

TG

P=0.5618
250

0
II-IV

Glucose

P<0.0001a)

10

I

G

E

20

0
I

LDH

1,500

30

500

0

D
P=0.0288a)

1,000

10

CRP

P=0.0004a)

1,500

20

F

C

I

II-IV

0
I

II-IV

I

II-IV

Fig. 1. Association between International Federation of Gynecology and Obstetrics stage and blood data. This figure presents the differences in the blood data of patients with early-stage (I) and advanced-stage (II/III/IV) cancer. NLR, neutrophil to lymphocyte ratio; PLR,
platelet to lymphocyte rate; CRP, C-reactive protein; LDH, lactate dehydrogenase; TC, total cholesterol; TG, triglyceride; HDL, high-density
lipoprotein; LDL, low-density lipoprotein. a)P <0.05.
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Fig. 2. Kaplan-Meier curve for the platinum-free interval (PFI), disease-free survival (DFS), and overall survival (OS) stratified by lactate dehydrogenase (LDH) level. The upper 3 panels and lower 3 panels show the Kaplan-Meier curves for the PFI, DFS, and OS in groups A and B,
respectively. Dotted lines depict high LDH levels (≥250 U/L), while solid lines depict low LDH levels (<250 U/L). a)P <0.05.
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Fig. 3. Kaplan-Meier curve for the platinum-free interval (PFI), disease-free survival (DFS) and overall survival (OS) stratified by neutrophil
to lymphocyte ratio (NLR). The upper 3 panels and lower 3 panels show the Kaplan-Meier curves for the PFI, DFS, and OS in groups A and B,
respectively. Dotted lines depict high NLR (≥4), while solid lines depict low NLR (<4). a)P <0.05.
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compared with those with high LDH or high NLR, and those
with low LDH and low NLR (Table 2).
3. Predictive

value of platinum resistance by receiver
operating characteristic analysis
As LDH and NLR were considered as predictive factors of
platinum resistance, platinum sensitivity was assessed using
LDH and NLR. We divided patients who received platinumbased chemotherapy into “platinum-sensitive group,”
“platinum partially resistant group,” and “platinum-resistant
group.” The platinum-resistant group included patients with
cancer progression during the course of platinum-based chemotherapy or recurrence with a PFI of less than 6 months.
Patients with a PFI of more than 12 months were denoted as
platinum sensitive, whereas those with PFI between 6 and 12
months were considered as platinum partially resistant. Of
223 patients who received platinum-based chemotherapy,
150 (67.26%) were platinum sensitive, 35 (15.70%) were

platinum partially resistant, and 38 (17.04%) were platinum
resistant. The area under the curve (AUC), sensitivity, and
specificity of LDH ≥250 U/L to predict whether the patients
were “platinum resistant,” “platinum partially resistant,” and
“platinum sensitive” were 0.606 (P=0.039), 52.63%, and
63.04%, respectively (Fig. 4A).
The AUC, sensitivity, and specificity of LDH ≥250 U/L for
predicting whether the patients were “platinum resistant”
and “platinum partially resistant” or “platinum sensitive
were 0.646 (P<0.001), 50.68%, and 65.77%, respectively
(Fig. 4B). As for NLR, the cut-off value for predicting whether
the patients were “platinum resistant” and platinum partially
resistant” or “platinum sensitive” was 4.0, and the AUC was
0.5957 (P=0.021, Fig. 4D).

Chi-square test for trend: P<0.001.

4. Univariate

and multivariate analyses of platinumfree interval
The Cox regression univariate analysis of PFI showed that
age, FIGO stage, histological type, and cytoreduction outcome, LDH, and serum CA125 were significant prognostic
factors (P=0.009, <0.001, <0.001, <0.001, 0.019, and 0.004,
respectively; Table 3). In the multivariate analysis with adjustments for blood data excluding CA125, only LDH remained
highly significant (P=0.019), although stage and cytoreduction outcome were independent predictors of a poorer PFI
after adjustments for group, age, FIGO stage, histological
type, and cytoreduction outcome (P<0.001 and <0.001, respectively; Table 3).

LDH
A

NLR
C

Table 2. Recurrent frequency according to lactate dehydrogenase
(LDH) and neutrophil to lymphocyte ratio (NLR) levels
Recurrence

No
recurrence

High LDH (≥250) and low NLR (≥4)

37

21

High LDH (≥250) or high NLR (≥4)

46

37

Low LDH (<250) and low NLR (<4)

27

51

Characteristic

PFI<6 months

B

PFI<6 months

PFI<12 months

D

PFI<12 months

80

80

80

80

60
40
20
0

AUC 0.606
P=0.039a)
0 20 40 60 80 100
100% - specificity %

60
40
20
0

AUC 0.646
P<0.001a)
0 20 40 60 80 100
100% - specificity %

60
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20
0

AUC 0.572
P=0.162
0 20 40 60 80 100
100% - specificity %

Sensitivity %

100

Sensitivity %

100

Sensitivity %

100

Sensitivity %

100

60
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20
0

AUC 0.595
P=0.021a)
0 20 40 60 80 100
100% - specificity %

Fig. 4. Receiver-operating characteristic curves for lactate dehydrogenase (LDH) and neutrophil to lymphocyte ratio (NLR) based on the
platinum-free interval (PFI). The area under the curve (AUC), sensitivity, and specificity for an LDH level ≥250 U/L with a PFI of less than
6 months were 0.606 (P=0.039), 52.63%, and 63.04%, respectively. Meanwhile, the AUC, sensitivity, and specificity with a PFI of 12
months were 0.646 (P<0.001), 50.68%, and 65.77%, respectively. The AUCs for NLR ≥4 predicting the PFI at less than 6 and 12 months
were 0.572 (P=0.162) and 0.595 (P=0.021), respectively. a)P <0.05.

714

www.ogscience.org

Asami Ikeda, et al. Prognostic value of serum LDH in ovarian cancer

Discussion
LDH is one of the major enzymes used in glycolysis, which
can reversibly catalyze the conversion of pyruvate to lactic
acid. LDH exists inside the cell. When the cells are damaged,
it is released into the bloodstream, which causes an increase
in its concentration [4]. In clinical practice, the level of LDH
in the serum is largely measured in patients with suspected
organ damage or dysfunction such as myocardial infarction,

acute hepatitis, and hemolytic anemia. As for neoplastic
disease, serum LDH increases in patients with tumor growth
and tissue destruction, establishing the survival duration and
rate in those with Hodgkin’s disease and non-Hodgkin’s lymphoma [5]. In the last few decades, the prognostic values of
serum LDH have been extensively studied in common tumors
such as gastric, colorectal, breast, renal, and liver cancer [6].
In ovarian cancer, serum LDH may serve as a reliable marker
to discriminate ovarian carcinoma from benign ovarian tu-

Table 3. Univariate and multivariate Cox proportional analysis for the platinum-free interval
Variable

No.

Group A vs. group B

222

FIGO stage

222

Multivariate analysis

Univariate analysis

a)

Model 2b)

Model 1

HR

95% CI

P-value

HR

0.816

0.558–1.192

0.292

-

95% CI

P-value

HR

95% CI

P-value

13.386

5.065–35.381

<0.001

1.050

0.632–1.743

0.851

-

-

I
II/III/IV
Histology

17.041

6.926–41.929

<0.001

222

-

High-grade serous
Others
Cytoreduction

3.527

2.248–5.535

<0.001

222

-

R0
R1/2
Age (per 1)

222

3.977

2.686–5.886

<0.001

1.022

1.005–1.038

0.009

2.111

1.415–3.151

<0.001

-

1.004

0.987–1.021

0.674

WBC (per 1,000)

222

1.016

0.956–1.079

0.613

-

-

Neutrophil (per 1,000)

219

1.021

0.958–1.088

0.517

-

-

Lymphocyte (per 1,000)

219

0.905

0.647–1.264

0.557

-

-

NLR (per 1)

219

1.008

0.968–1.050

0.698

-

-

Platelet (per 1)

222

1.002

0.996–1.008

0.498

-

-

PLR (per 1)

219

1.000

1.000–1.001

0.158

-

-

CRP (per 1)

222

1.006

0.975–1.039

0.705

-

-

LDH (per 1)

222

1.001

1.000–1.002

0.019

1.001

Glucose (per 1)

221

0.994

0.986–1.003

0.223

-

-

TC (per 1)

186

0.998

0.993–1.002

0.349

-

-

TG (per 1)

126

1.000

0.996–1.004

0.912

-

-

HDL (per 1)

120

0.999

0.986–1.012

0.835

-

-

LDL (per 1)

124

0.999

0.991–1.006

0.718

-

-

CA125 (per 1)

219

1.000

1.000–1.000

0.004

-

-

Log CA125 (per 1)

219

1.817

1.435–2.301

<0.001

-

-

1.000–1.002

0.019

1.000

0.998–1.001

Bold words represent statistical significance.
HR, hazard ratio; CI, confidence ratio; FIGO, International Federation of Gynecology and Obstetrics; WBC, white blood cell count; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte rate; CRP, C-reactive protein; LDH, lactate dehydrogenase; TC, total cholesterol; TG,
triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CA125, cancer antigen 125.
a)
Adjusted for blood data; b)Adjusted for blood data and clinical characteristics (group, age, FIGO stage, histological type, and cytoreduction
outcome).
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mors [7]. Additionally, combining serum LDH with other tumor markers such as alpha-fetoprotein, CA125, and hCG-β
enhances the diagnosis of the histological type of ovarian
tumor [8]. As with our study, the serum LDH level increased
with the advancement in clinical stage and histological grade
[9]. In the present study, high serum LDH level had a significant correlation with advanced stages; patients with highgrade serous carcinoma showed higher serum LDH levels
than those with other histological types. Xiang et al. [9] revealed, for the first time, that higher serum LDH was associated with lower survival rate in patients with ovarian cancer.
In their study, OS was associated with serum LDH level, but
our study showed that DFS was associated with serum LDH
level. The exact follow-up time in their study was uncertain.
However, it was speculated that serum LDH may be associated only with short-term survival because many useful anticancer agents have been developed.
To the best of our knowledge, the present study is the first
to report the association between serum LDH level and platinum resistance in ovarian cancer. In other types of cancer,
such as pancreatic, breast, colon, and lung cancers, serum
LDH levels serve as predictors of response to chemotherapy
and radiotherapy [10-13]. Platinum agents are widely used
for the treatment of different malignancies. The main target
of platinum-based agents is the DNA, resulting in increased
DNA damage, which eventually leads to apoptosis. Resistance to platinum agents has been associated with several
mechanisms. In ovarian cancer, metabolic rewiring in cisplatin-resistant cells tended to counteract the effect of cisplatin
therapy [14]. Cisplatin-resistant ovarian cancer cells had
higher rates of glycolysis and reduced mitochondrial activity
compared with cisplatin-sensitive cancer cells. However, the
mechanism of how LDH affects cancer survival is not fully
understood. Cancer cells preferentially metabolize glucose
through the process of glycolysis to generate energy even
in the presence of adequate oxygen with the help of LDH. It
is termed the “Warburg effect” [15]. This change of energy
metabolism is believed to be beneficial for the development
and progression of cancer cells.
Inflammation is a critical component of tumor progression.
Leukocytes and activated platelets secrete a large number of
pro-inflammatory mediators, such as cytokines and chemokines, all of which help initiate and accelerate the inflammatory response by the host [16]. The pro-inflammatory mediators stimulate CRP production predominantly by hepatocytes.
716

NLR, PLR, and CRP reflect the state of inflammatory and
immune conditions either from the tumor itself or as a host
response. In ovarian cancer, a previous meta-analysis suggested NLR as an available predictor of OS and progressionfree survival [17]. Our study indicated that patients with high
NLR had poor DFS. Furthermore, ovarian cancer patients with
high level of NLR had poor response to chemotherapy [18,19].
Kim et al. [20] suggested that dynamic changes in NLR during chemotherapy might help estimate a more accurate
progression-free survival than pretreatment NLR. The positive
correlation of pretreatment NLR with platinum resistance
was demonstrated in our study as well. PLR and CRP have
also been investigated as prognostic factors in ovarian cancer. From the random effects of meta-analysis, patients with
higher level of pretreatment PLR had shorter OS and progression-free survival [21]. Miao et al. [19] reported that pretreatment high PLR is predictive of platinum resistance and poor
OS. As for CRP, Hefler et al. [22] found that an elevated CRP
level is associated with FIGO stage, poor OS, and platinum
resistance in patients with ovarian cancer. In our study, the
pretreatment PLR and CRP levels increased significantly with
advancing clinical stage; in the Kaplan–Meier curves for the
validation set, group B, higher PLR and CRP were associated
with shorter OS, DFS, and PFI. NLR, PLR, and CRP levels,
which are inflammatory markers, may predict prognosis and
platinum resistance in patients with ovarian cancer. However,
patients with high NLR, high PLR, and high CRP did not show
significantly poorer prognosis in group A. A possible reason
for this discrepancy is the effect of inflammation, because
patients with high CRP showed poor prognosis only in group
B. Using a Cox regression model of multivariate analysis after
adjusting for the blood data, excluding CA125 levels, we
found that only LDH remained an independent prognostic
marker of platinum resistance, indicating that LDH is a more
powerful predictor than the inflammatory markers.
At present, the prognostic significance of preoperative serum lipid lipoproteins and glucose in ovarian cancer remains
controversial. Of 9 blood data, TC, TG, HDL, LDL, and glucose had no significant association with prognosis and platinum resistance in our study. Zhu et al. [23] also examined
the prognostic value of preoperative TC, TG, HDL, LDL, and
glucose. Of the 5 blood data, only high LDL level was associated with a favorable recurrence-free survival, while Li et al.
[24] observed that higher LDL was a significant predictor of
poor recurrence-free survival and OS. As well as in our study,
www.ogscience.org
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Zhu et al. [23] found a null association between glucose and
ovarian cancer clinical outcomes, although Lamkin et al. [25]
reported that higher glucose levels were associated with
shorter DFS and OS in 74 patients with ovarian cancer.
One of the strengths of this study is that all laboratory
data were collected in an easy, inexpensive, and safe manner. Ovarian cancer patients were examined routinely before
surgery or chemotherapy. In addition, external validation was
performed to allow the generalizability of our findings. The
limitations of this study include the retrospective nature of
the data collection and the lack of data on usage of anti-angiogenic agents, performance status, and nutritional status.
In conclusion, the 9 pretreatment laboratory data were
assessed based on the patients’ clinical characteristics and
prognosis including platinum resistance. High levels of serum
LDH and NLR were possible predictors of platinum resistance
and poor prognosis in ovarian cancer. In particular, LDH was
a more accurate predictor of platinum resistance than NLR.
Combining these prognostic factors might provide clues for
managing ovarian cancer using individual therapeutic strategies.
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Correlation between obesity and pelvic organ prolapse
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Objective
This study aimed to evaluate the correlation between obesity and pelvic organ prolapse (POP), both anatomically and
symptomatically, in Korean women.
Methods
We retrospectively reviewed 476 women who visited the urogynecology clinic between January 2013 and December
2016. All the enrolled women were Korean. We sought to evaluate the relationship between obesity and POP, both
anatomically and symptomatically, by using a validated tool. Anatomic assessment was performed by a standardized
Pelvic Organ Prolapse Quantification (POP-Q) system and symptomatic assessment was performed by a Pelvic Floor
Distress Inventory (PFDI)-20 questionnaire. Obesity measurement was performed by measuring body mass index (BMI).
Results
We enrolled 476 women in our study. There was no statistically significant correlation between BMI and POP-Q or
PFDI-20 scores: Ba (P=0.633), Bp (P=0.363), C (P=0.277), Pelvic Organ Prolapse Distress Inventory-6 (P=0.286), Colorectal
Anal Distress Inventory-8 (P=0.960), Urinary Distress Inventory-6 (P=0.355), and PFDI-20 (P=0.355). In addition, there
was no statistically significant correlation between BMI and POP-Q or PFDI-20 in patients with severe (greater than
stage III) POP. We also separately analyzed the differences in the POP-Q points and PFDI-20 scores between the obese
and non-obese groups. There was no statistically significant difference between the groups.
Conclusion
We evaluated the correlation between obesity and POP using a validated tool. The present study revealed no
significant correlation between obesity and POP severity anatomically or symptomatically in Korean women. This
contrasts the results of most studies of Western women. Further studies in Asian women are required in order to
confirm our results.
Keywords: Pelvic organ prolapse; Obesity

Introduction
Pelvic organ prolapse (POP) is a descent of one or more aspects of the vagina and uterus, presumably due to defects in
the pelvic organ support system. POP is a common condition
in women, with prevalence rates ranging from 41% to 50%
[1]. The lifetime risk of undergoing a single operation for
POP or urinary incontinence is approximately 11% [2].
Many studies have been conducted in order to determine
the risk factors for POP. Increasing parity and aging are established risk factors for POP; however, these factors are not
modifiable [3,4]. Obesity is a modifiable risk factor; however,
studies on the relationship between obesity and POP have
www.ogscience.org
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shown inconsistent results. Many of these studies did not
use a validated tool for the evaluation of POP. Obesity is associated with pelvic floor symptoms, as indicated by previous
studies [5,6].
Understanding the impact of obesity on POP is crucial as
obesity is a modifiable risk factor whose prevalence is increasing, especially in women [7]. The diagnostic criteria for
obesity differs between Western and Asian women. Moreover, studies in Asian women are scarce. The objective of
this study was to evaluate the correlation between obesity
and POP, both anatomically and symptomatically, in Korean
women.

Materials and methods
We retrospectively reviewed the medical records of patients
whose chief complaints were related to POP, and who visited
the CHA Bundang Medical Center from January 2013 to December 2016. All of the enrolled women were Korean.
Each patient underwent a comprehensive physical examination, which included a standardized Pelvic Organ Prolapse
Quantification (POP-Q) examination for the anatomical assessment of POP. A POP-Q examination was performed by a
practitioner with the patient in the lithotomy position during
the valsalva strain. At the initial visit, we recorded height,
weight, and results of the POP-Q assessment: Ba as the most
distal point of the upper anterior vaginal wall, Bp as the most
distal point of the posterior vaginal wall, C as the most distal
edge of the cervix or vaginal cuff, and total vaginal length
(TVL) as the total length of the vagina. The POP degree was
represented by the POP stage from 0 to IV based on the POPQ system [8]. Each patient was also asked to complete the
PFDI-20 questionnaire at the initial visit. The PFDI-20 is a validated questionnaire used to assess the degree of pelvic floor
symptom distress and is composed of 3 subscales: Pelvic
Organ Prolapse Distress Inventory (POPDI)-6, Colorectal Anal
Distress Inventory (CRADI)-8, and Urinary Distress Inventory
(UDI)-6. Here, we used the PFDI-20 Korean translated version [9].
We evaluated obesity based on the patient’s BMI. Generally, obesity is defined as a BMI >30 kg/m2 and overweight is
defined as a BMI 25–30 kg/m2 according to the World Health
Organization (WHO) guidelines [10]. However, here, we defined obesity as BMI >25 kg/m2 as defined previously for the
Asia-Pacific population [10].
720

We analyzed the correlation between obesity and POP
using continuous variables and dichotomous variables. We
then separately evaluated the correlation between obesity
and POP for patients with advanced POP (stages III and IV).
We excluded women with incomplete records of height and
weight, or POP stage <I at the initial visit. We also excluded
women who were pregnant and/or underwent prior surgery
due to POP.
We used 2 statistical methods. Pearson’s correlation coefficient was used to analyze the correlation of BMI as a continuous variable with POP-Q points and PFDI-20 scores. An
independent samples t-test was used to evaluate differences
between the groups (obese/non-obese) for obesity as a dichotomous variable. The results were considered significant if
the P<0.05. All statistical analysis was performed using SPSS
software (version 24; SPSS Inc., Chicago, IL, USA).

Results
In total, 533 women were reviewed and the following

Table 1. Demographics and clinical characteristics of patients
(n=476)
Variables

No. (%)

Mean±SD

Mean age (yr)

65.56±11.27

Mean BMI (kg/m²)

24.35±3.08

<25 (non-obese)

288 (60.5)

≥25 (obese)

188 (39.5)

≥25 and <30

167 (88.8)

≥30

21 (11.1)

Mean parity
Post menopausal status

3.19±1.50
436 (91.6)

Prior pessary use

23 (4.8)

Prior hysterectomy

43 (9.3)

Hormonal therapy

4 (0.8)

POP-Q stage
Stage II

139 (29.2)

Stage III

293 (61.6)

Stage IV

44 (9.2)

Race
Asian

476 (100.0)

SD, standard deviation; BMI, body mass index; POP-Q, Pelvic Organ
Prolapse Quantification.
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women were excluded: 27 patients with incomplete records
of height and weight, 3 with POP stage ≤I, 15 who underwent hysterectomy due to POP, 8 who underwent prior prolapse surgery, and 4 who were pregnant at the initial visit.
Ultimately, 476 women who met the inclusion criteria were
enrolled and completed the POP-Q exam. Among the 476
enrolled patients, 370 (77.7%) patients completed the PFDI20 questionnaire, 223 (80.9%) patients were in the nonobese group, and 147 (78.2%) patients were in the obese
group. The study subjects had a mean age of 65.56±11.27
years (91.6% were postmenopausal), a mean BMI of
24.35±3.08 kg/m2, and a mean parity of 3.19±1.50 (Table 1).
The largest group from the POP-Q belonged to stage III and
the distribution of the POP-Q points are described in Table 2.
All subjects were divided into two groups, an obese group
(n=188, 39.5%) and a non-obese group (n=288, 60.5%),
based on the BMI cut-off value of 25 kg/m2. There were no
statistically significant differences in age, parity, and/or prior
hysterectomy between the two groups.

To evaluate the correlation between obesity and POP anatomically, we calculated Pearson`s correlation coefficient for
BMI and POP-Q points (Ba, Bp, and C). There were no statistically significant correlations between BMI or each POPQ point (Table 3, Fig. 1). In the same manner, to evaluate the
correlation with obesity and POP symptomatically, we calculated Pearson’s correlation coefficient for BMI and PFDI-20
and its subscales (POPDI-6, CRADI-8, and UDI-6). There was
no statistically significant correlations between BMI and PFDI20 (Table 3, Fig. 2). In the same manner, we also evaluated
the correlation between obesity and POP for patients with
severe POP (stage>III). There was no statistically significant
correlations between BMI, POP-Q, or PFDI-20 (Table 4) in
patients with severe POP. All enrolled patients were dichotomously classified as obese or non-obese. We then separately
analyzed the difference between the anatomic and symptomatic correlations between the two groups. No statistically
significant anatomical or symptomatic difference was found
between the obese and the non-obese groups (Table 5).

Table 2. Distribution of pelvic organ prolapse (POP) stage (n=476)
POP-Q points

Stage 0

Stage I

Stage II

Stage III

Stage IV

Ba

5 (1.0)

49 (10.3)

145 (30.5)

240 (50.4)

37 (7.8)

Bp

11 (2.3)

100 (21.0)

259 (54.4)

69 (14.5)

37 (7.8)

C

17 (3.6)

188 (39.5)

89 (18.7)

141 (29.6)

41 (8.6)

Data are presented as number (%).
POP-Q, Pelvic Organ Prolapse Quantification.

Table 3. Correlation between body mass index (BMI) with Pelvic
Organ Prolapse Quantification (POP-Q) points and Pelvic Floor Distress Inventory (PFDI)-20
Pearson’s correlation
coefficient

30

POP-Q points
Ba

0.022

0.633

Bp

−0.042

0.363

C

−0.050

0.277

POPDI-6

0.056

0.286

CRADI-8

0.003

0.960

UDI-6

0.051

0.340

PFDI-20

0.048

0.355

PFDI-20

POPDI, Pelvic Organ Prolapse Distress Inventory; CRADI, Colorectal
Anal Distress Inventory; UDI, Urinary Distress Inventory.
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35

P-value

y=-0.188x+24.84
R=0.049
P value=0.346

BMI

Variables

40

25
20
15

0

1

2
3
POP-Q stage

4

5

Fig. 1. Correlation between body mass index (BMI) and Pelvic
Organ Prolapse Quantification (POP-Q) stage. BMI was not significantly correlated with POP-Q stage (R=0.049, P =0.346).
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40
35

BMI

30
25
y=0.002x+24.00
R=0.036
P value=0.437

20
15

0

50

100

150
PFDI-20

200

Table 4. Correlation between body mass index (BMI) with Pelvic
Organ Prolapse Quantification (POP-Q) points and Pelvic Floor Distress Inventory (PFDI)-20 for ≥stage 3 (n=337)
Variables

Pearson's correlation
coefficient

P-value

POP-Q point

250

Fig. 2. Correlation between body mass index
(BMI) and Pelvic Floor Distress Inventory (PFDI)300 20. BMI was not significantly correlated with
PFDI-20 (R=0.036, P =0.437).

Table 5. Difference in Pelvic Organ Prolapse Quantification (POPQ) points and Pelvic Floor Distress Inventory (PFDI)-20 between
obese/non-obese groups
Variables

Obese group

Non-obese
group

P-value

1.9±2.3

1.5±2.3

0.052

POP-Q points

Ba

0.026

0.571

Ba

Bp

−0.040

0.381

Bp

0.3±2.2

0.3±2.5

0.874

C

−0.055

0.227

C

−0.1±3.8

−0.3±3.6

0.574

PFDI-20

PFDI-20

POPDI-6

0.048

0.359

POPDI-6

47.5±23.9

43.2±22.4

0.083

CRADI-8

0.005

0.924

CRADI-8

19.9±18.8

19.0±18.2

0.537

UDI-6

0.049

0.357

UDI-6

33.6±24.1

30.3±22.0

0.191

PFDI-20

0.045

0.391

PFDI-20

99.1±53.7

90.8±49.7

0.131

POPDI, Pelvic Organ Prolapse Distress Inventory; CRADI, Colorectal
Anal Distress Inventory; UDI, Urinary Distress Inventory.

Data are presented as mean±standard deviation.
POPDI, Pelvic Organ Prolapse Distress Inventory; CRADI, Colorectal
Anal Distress Inventory; UDI, Urinary Distress Inventory.

Discussion

In our study, obesity was not shown to be significantly
related to POP anatomically or symptomatically. In contrast
to our study, Hendrix et al. reported that there was a significant association between BMI and POP in overweight (BMI
25–30 kg/m2) and obese women (BMI >30 kg/m2) via data
from the Women’s Health Initiative study [12]. In that study,
POP was assessed by visual inspection during the valsalva
maneuver in the supine position, not by a standardized POPQ exam. Shalom et al. [13] evaluated the correlation between
obesity and POP by BMI and a standardized POP-Q exam.
Consistent with our study, they reported that no significant
correlation was established between BMI and POP severity.

Obesity has been consistently identified as a risk factor for
pelvic floor disorder. The most probable mechanism of POP
development in obese women is the increased intraabdominal pressure that causes weakening of the pelvic floor
muscles and fascia [11]. However, previous studies that evaluated the relationship between obesity and POP illustrated
inconsistent results. The prevalence of obesity has been increasing globally, and a better understanding of how obesity
influences POP is crucial as unlike age and parity, obesity is a
modifiable factor.
722
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Giri et al. published a systematic review and meta-analysis
of the association between obesity and POP [14], and dichotomously assessed the risk ratio between obese and nonobese women (as defined by WHO). In contrast to our study,
obesity was significantly associated with POP in their study.
Compared with normal weight women (BMI <25 kg/m2),
overweight women (BMI 25–30 kg/m2) and obese women
(BMI >30 kg/m2) had risk ratios of at least 1.36 (95% confidence interval [CI], 1.20–1.53) and 1.47 (95% CI, 1.35–1.59),
respectively. The authors did not include studies that used a
continuous variable analysis. Vergeldt et al. [15] performed
a systematic review of risk factors for POP and recurrence.
In that study, a higher BMI as a dichotomous variable was a
significant risk factor; however, BMI as a continuous variable
had no association with POP. We performed dichotomous
variable and continuous variable analyses to confirm the discrepancy between the two analyses. However, there were no
significant correlations between either analyses.
Symptom distress due to POP is clinically significant and
an investigation of the correlation between obesity and POP
symptoms via a validated tool is also important. However,
the correlation between obesity and POP symptom distress
has been inconsistently reported in previous studies. We
evaluated the correlation by a validated tool (PFDI-20 and
its subscales), and no significant correlation was noted in
our study. Uustal Fornell et al. [16] reported that being overweight or obese were strongly related to urinary and fecal incontinence, but not to POP symptoms. Bradley et al. [17] did
not find a positive correlation between obesity and prolapse
symptoms. This is consistent with our results. We also attempted to evaluate the correlation in patients with more severe prolapse. However, there was no significant correlation
between obesity and POP anatomically or symptomatically in
patients with severe POP (greater than stage III). Consistent
with our findings, Shalom et al. [13] and Washington et al.
[18] found that there was no significant correlation between
BMI and prolapse severity.
With respect to obesity, there are differences between Korean women and Western women. According to the WHO
guidelines, the cut-off value of obesity is defined as a BMI
>30 kg/m2, which was the cut-off value used in previous
studies. However, the WHO obesity cut-off value for obesity
for Asians is 25 kg/m2; therefore, here, we defined obesity
as a BMI >25 kg/m2. In our study, only 4.4% (21/476) of
the patients had a BMI >30 kg/m2. In contrast, 33.4% of US
www.ogscience.org

women had a BMI >30 kg/m2 [19]. Therefore, with respect to
the correlation between obesity and POP, a study for Korean
women may have clinical significance.
However, studies for Korean women are rare and have
demonstrated conflicting results. Kim et al. evaluated the risk
factors for pelvic organ prolapse, and found that BMI was
not significantly correlated with POP stage (P=0.271) [20].
Seo and Kim [21] evaluated pelvic organ support and the
prevalence of POP via the POP-Q exam for Korean women.
In their study, BMI showed a significant correlation with increasing POP-Q stage (P<0.001). Furthermore, the correlation
of obesity and POP was not the primary aim in the above
studies. To our knowledge, this is the first study that comprehensively evaluated the relationship between obesity and
POP in Korean women. Although controversy exists, most of
the studies for Western women showed a significant correlation between obesity and POP. Though diagnostic criteria for
obesity is different between Western and Asian women, the
present study showed that there was no significant correlation between obesity and POP severity anatomically or symptomatically in Korean women. The cause of different results
between Western and Asian women is not clear. Further
large, well-designed studies in Asian women may explain the
discrepancy in these results.
The strength of this study is that we evaluated the correlation between obesity and POP anatomically as well as
symptomatically. Furthermore, we also analyzed the data by
dichotomous and continuous variables. Another strength is
that we used a standardized tool for the anatomic and symptomatic evaluation of POP (POP-Q was used for anatomic
evaluation, and PFDI-20 for symptomatic evaluation). There
are some limitations of this study. First, this was a retrospective and cross-sectional study. Second, the enrolled women
were restricted to patients with POP, therefore potentially
limiting the generalizability of our results. Third, all patients
underwent the POP-Q exam, but not all patients completed
the PFDI-20, which may result in bias in the interpretation.
In conclusion, obesity was not significantly correlated with
POP severity, anatomically or symptomatically, in Korean
women. As noted earlier, diagnostic criteria for obesity is different between Western and Asian women and studies for
Asian women are very scarce. Thus, further studies in Asian
women are essential in order to confirm our findings.
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Objective
This study aimed to demonstrate the use of preoperative magnetic resonance imaging (MRI) findings to select
the optimal surgical technique between single-site (SS) and multi-site (MS) robotic myomectomy based on clinical
experience, for the preservation of fertility.
Methods
Ninety-eight patients who underwent SS or MS robotic myomectomy using the da Vinci® Si system after undergoing
MRI were evaluated retrospectively. The correlation between preoperative MRI findings and the intraoperative or
postoperative findings during robotic myomectomy for the preservation of fertility was analyzed. The reproductive
outcome was investigated when the patient wished to conceive.
Results
The mean age of the patients was 35.68±5.04 years and 80 patients (81.6%) were nulliparous. The total diameter
of myomas on MRI was 106.75±54.52 mm. The number of resected myomas was 4.31±4.39 (range, 1–27), and the
total weight of resected myomas was 293.11±281.13 (range, 30–1,260) g. Myomas with high signal intensity on MRI
required less time for resection. MS robotic myomectomy was performed for an increased number and total diameter
of a myoma or a deep-seated myoma. Postoperatively, all patients resumed normal menstruation. Of the 15 patients
who wished to conceive, 12 (80%) conceived successfully. Of these, uterine dehiscence occurred in 1 patient and 10
patients underwent an uneventful cesarean section.
Conclusion
SS or MS robotic myomectomy can be recommended for patients who wish to conserve fertility. However, the
optimal surgical technique should be selected based on
preoperative MRI findings to predict an effective surgical
process and the successful preservation of fertility.
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Uterine leiomyoma, which originates from the smooth muscle cells of the uterus, is a common benign tumor among
women of reproductive age. Myomas are associated with
symptoms such as prolonged or heavy menstrual bleeding, pelvic pressure or pain, and reproductive dysfunction.
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Myomas are clinically evident in approximately 25% of the
women who start manifesting symptoms in their 30s or 40s [1].
Due to a shift in the social trend towards delayed child
bearing in recent times, further knowledge about the association between fertility and myomas has become necessary.
A recent cohort study revealed that myomas have a negative
effect on fertility and lead to delayed conception [2]. The
proportion of young women with myoma who require pertinent treatment for future pregnancy has increased significantly.
Myomectomy is usually the treatment of choice for women
with unexplained infertility other than for those with the
presence of myomas. Although an appropriate minimal invasive surgical technique is recommended, laparoscopic myomectomy has some systemic limitations. With advancements
in surgical techniques, it has become possible to overcome
the disadvantages associated with conventional laparoscopic
surgery. The da Vinci® Si system (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA) provides a stable 3-dimensional vision,
instruments with a wrist function, tremor elimination, greater
precision in dissection, easier knot-and-tying, and favorable
ergonomics [3].
If the operative outcomes turn out to be similar, young
women hope to decrease the sizes and the numbers of their
scars without a doubt. However, single-port laparoscopy is
inconvenient for most surgeons due to the non-optimal or
limited surgical field because of parallel movement of the rigid surgical instruments from one direction of the umbilicus.
Robotic single-site (SS) surgery was developed and used in
clinical settings, because it causes less pain and has a higher
patient satisfaction. The da Vinci® Si system, which was used
for SS robotic surgery, has some disadvantages including an
unfamiliar docking process, non-articulated semi-rigid instruments, and the lack of monopolar scissors [4]. Therefore, it is
essential to select the suitable patient group while performing SS robotic surgery.
Pelvic ultrasonography through the vaginal approach is
the most commonly used diagnostic method for identifying the location or shape of the uterine myoma. However,
magnetic resonance imaging (MRI) is superior to transvaginal
ultrasonography in ascertaining both, the embedment into
the uterine wall, and the exact size and position of myomas
[5]. Moreover, fibroid stiffness can be gauged from other
T2 imaging characteristics, e.g., fibroids that appear bright
on T2 imaging are less stiffer than those that appear dark
[6]. Therefore, surgeons were able to customize the surgical
www.ogscience.org

technique to preserve the fertility, after introduction of the
concept of preoperative MRI.
We aimed to demonstrate the usefulness of preoperative
MRI to select the optimal surgical technique between SS
and multi-site (MS) robotic myomectomy to preserve fertility,
based on the clinical experience of robotic myomectomy.

Materials and methods
A retrospective chart review of 98 patients who underwent
MRI before robotic myomectomy using the da Vinci ® Si
system from July 2015 to March 2018 at Ewha Womans
University Mokdong Hospital was performed. Before the surgery, pelvic MRI scans were obtained using the 3.0-T scanner
(Achieva; Philips Medical Systems, Cleveland, OH, USA) using
a pelvic array coil. SS or MS robotic myomectomy was performed on all patients by 2 surgeons who had an experience
of performing more than 100 gynecologic robotic surgeries
and about 2,000 laparoscopic surgeries. All patients who underwent MRI before robotic myomectomy by the 2 surgeons
were enrolled without any exclusion. The final pathology was
confirmed as leiomyoma. The preoperative MRI findings, and
intraoperative or postoperative findings during robotic myomectomy for the preservation of fertility were analyzed.
A radiologist with 15 years of experience in gynecologic
imaging retrospectively reviewed all MRI scans on a picture
archiving and communication system workstation (Centricity;
GE Healthcare, Milwaukee, WI, USA). Based on the myoma
sub-classification system by the International Federation of
Gynecology and Obstetrics (FIGO), the number (diameter,
<3 cm), size, signal intensity, enhancement (E) of myoma,
endometrial distortion, thickness of the endometrium, and
junctional zone were assessed from the MRI scans.
The duration of surgery, estimated blood loss (EBL), time
required for the resection of the myoma, and the number
and total weight of the resected myoma were measured.
After 2 months, postoperative pelvic ultrasonography was
performed to define the shape of the uterus as well as to
check the endometrial thickness and pattern. The reproductive outcomes were investigated when the patients wished
to conceive.
Statistical analysis was performed using SPSS version 20
(IBM, Seoul, Korea). The categorical variables were presented
as numbers and percentages, and the normally distributed
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continuous variables were presented as the mean and the
standard deviation, with range information. Data were analyzed for statistical significance with a one-way analysis of
variance, using the student’s t-test and Mann-Whitney U test.
The correlations between the findings on preoperative MRI
and intraoperative or postoperative findings were analyzed
using Pearson’s correlation coefficient. P-values <0.05 were
considered statistically significant.

Results
Mean age of patients in the study was 35.68±5.04 (range,
23–45) years, and 80 patients (81.6%) were nulliparous. The
preoperative MRI findings of 98 subjects were described, and
compared between the group that underwent SS and the
group that underwent MS robotic myomectomy (Table 1). As
observed on MRI scans, the total diameter of the myomas
was 106.75±54.52 (range, 32.43–273.24) mm, while the
maximum diameter was 72.51±25.77 (range, 32.43–151.03)
mm. Furthermore, the endometrial thickness was 6.44±3.81
mm and the endometrium was distorted in 70.4% of the
patients.
The intraoperative findings during robotic myomectomy

and the comparison between SS and MS groups are shown
in Table 2. The duration of surgery was 157.89±61.22
(range, 60–355) min, and the time taken for resection was
13.83±17.31 (range, 1–90) minutes. The number of resected
myomas was 4.31±4.39 (range, 1–27), and their total weight
was 293.11±281.13 (range, 30–1,260) g. Compared to SS
robotic myomectomy, conventional MS robotic myomectomy
was performed when the preoperative number and the total
diameter of myomas were high or if the myomas were deepseated according to the FIGO classification. The location of
myomas by the FIGO classification was significantly different
between the SS and MS groups, when analyzed using the
Mann-Whitney U test (median 4 in SS group vs. median 3 in
MS group, P for trend=0.001).
The preoperative total diameter of the myoma on MRI was
significantly correlated with the duration of surgery, EBL, and
time required for the resection of the myoma. Fifteen patients (15.3%) required blood transfusion, and their EBL and
resection time were significantly higher. Post-operative complications were seen in 7 cases. There were 3 cases of postoperative fever, and one case each of post-operative ileus,
small bowel perforation, and ureteral injury. Six patients with
complications recovered after hydration therapy, antibiotic
administration, primary repair, and ureteral stent insertion.

Table 1. Comparison of preoperative magnetic resonance imaging (MRI) findings between single-site (SS) and multi-site (MS) robotic
myomectomy
MRI findings

SS (n=43)

MS (n=55)

P-value

1.65±1.21

2.18±1.19

NS

106.75±54.52 (32.43–273.24)

81.69±42.43

125.43±55.35

0.0001

72.51±25.77 (32.43–151.03)

63.31±20.57

79.28±27.26

0.03

Endometrial thickness (mm)

6.44±3.81 (1.29–21.24)

6.94±3.62

6.05±3.94

NS

Junctional zone thickness (mm)

3.67±1.82 (1.16–14.59)

3.94±2.19

3.45±1.45

NS

No. of myoma (>3 cm)
Total diameter of myoma (mm)
Maximum diameter of myoma (mm)

Mean±SD (range)
1.95±1.22 (1–7)

SD, standard deviation; NS, non-specific.

Table 2. Comparison of operative findings between single-site (SS) and multi-site (MS) robotic myomectomy
Operative findings

Mean±SD (range)

SS (n=43)

MS (n=55)

P-value

Operation time (min)

157.89±61.22 (60–355)

129.42±47.07

180.56±62.05

0.0001

255.92±213.44 (20–1,050)

Estimated blood loss (mL)
Chopping time (min)
No. of removed myoma
Total weight of removed myoma (g)

174.19±160.26

319.82±228.87

0.001

13.83±17.31 (1–90)

6.83±7.26

18.15±20.17

0.001

4.31±4.39 (1–27)

2.95±2.35

5.36±5.27

0.003

293.11±281.13 (30–1,260)

187.38±165.51

360.78±318.35

0.002

SD, standard deviation.
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menstruation and showed the normal shape of the uterus
(91.8%), as well as normal endometrial thickness (mean,
8.53±3.52 mm; range, 1.8–19.73 mm) and pattern (98.0%)
on pelvic ultrasound scans, although 70.4% of the patients
had a compressed or distorted endometrium. Pearson correlation coefficient showed a negative correlation between
the maximum diameter of myoma and postoperative endometrial thickness although it was not statistically significant
(R=−0.139; P=0.195). There were no significant differences
in postoperative outcomes based on the preoperative MRI
findings or the robotic surgical technique (SS vs. MS) used.
Among 15 patients who wished to conceive, 12 (80%)
conceived successfully. While 10 of these patients conceived
naturally, 2 patients conceived through assisted reproduc-

Uterine dehiscence occurred in one patient during pregnancy
(Table 3).
Myomas with a low T2 signal intensity were considerably
stiffer, which thereby prolonged their resection time (Fig. 1).
Between patients who had signal intensity 1 on T2 and those
who had intensity 3, the mean time required for resection
was significantly different (14.87±17.99 vs. 7.75±6.71 minutes, P=0.046).
The mean EBL (E1: 246.33±225.63, E2: 254.00±178.52,
E3: 273.33±254.01 mL) during surgery was also high when
the vascularity was high and the myoma was strongly enhanced on the T1 image; however, the P-value was not statistically significant (Fig. 2).
After robotic myomectomy, all patients resumed normal

Table 3. Complications of robotic myomectomy
Complications

No. of patients

Surgical technique

Characteristics

Small bowel perforation

1

MS

Myoma 1,180 g
Previous C/S

Ureteral injury

1

MS

Combined advanced endometriosis

Ileus

1

SS

Previous C/S

Fever

3

SS (2), MS (1)

Clostridium difficile

1

MS

27.1 weeks of pregnancy, male 963 g, neonatal death

Intra-operative

Post-operative

Obstetric
Uterine dehiscence

SS, single-site; MS, multi-site; C/S, caesarean section.

100.00

1,200
88
*

60.00

16

800

79
*
78
*

EBL

Chopping time

80.00
18
*7

18
*

1,000

40.00

2
44

7

600
400

20.00

200
0

0.00
1

2
MaxSI

3

Fig. 1. The relationship between T2 signal intensity (SI) and chopping time.
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1

2
MaxE

3

Fig. 2. The relationship between enhancement and estimated
blood loss (EBL).
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tion techniques. One patient who underwent intrauterine
insemination after controlled ovarian stimulation successfully
delivered healthy triplets by cesarean section. The preoperative MRI and intraoperative pictures of this case are shown in
Fig. 3. A patient who had an unsuccessful in vitro fertilization
before undergoing robotic myomectomy, successfully conceived with thawing embryo transfer, after robotic myomectomy was performed. One patient experienced spontaneous
abortion. Unfortunately, uterine dehiscence occurred at in a
woman at 27.1 weeks of pregnancy; she had a thin fundus
(6.5-mm). She had undergone robotic myomectomy for a
huge myoma (total weight: 1,080 g) with endometrial distortion. The remaining 10 patients underwent an uneventful
cesarean section at term.

Discussion
Few papers have been published on the feasibility of robotic myomectomy for the preservation of fertility, especially
including a comparison between SS and MS robotic myomectomy procedures. In this study, we additionally aimed to
demonstrate the usefulness of preoperative MRI findings to
select the optimal surgical technique between SS and MS.

A

Wang et al. [7] compared the outcomes of patients who
underwent abdominal myomectomy, laparoscopic myomectomy, and robotic myomectomy. They reported that robot-assisted myomectomy had fewer postoperative complications,
lesser blood loss during surgery, and lesser pain after surgery
compared to laparoscopic myomectomy or abdominal myomectomy.
Our study corroborates the findings of recent studies,
which reported that robotic myomectomy is a good choice
for patients who seek preservation of fertility and has fewer
complications. Huberlant et al. [8] published a retrospective
study comprising a series of 53 patients who underwent robotic myomectomy over 7 years in a single institution. They
reported the advantages of this robotic technique for women
with infertility, because it has a low rate of obstetrical complications, with no risk of uterine rupture and abnormal placenta, with fewer intrauterine adhesions as opposed to the
complications associated with laparoscopic myomectomy or
abdominal myomectomy. A large-scale study on long-term
outcomes, including the results of pregnancy, was conducted
among 852 women who underwent robotic myomectomy.
It was found that 62.9% of the women remained symptomfree >3 years after undergoing robotic myomectomy, and
50.8% of women desirous of pregnancy were able to con-

B

Fig. 3. Magnetic resonance imaging (MRI) and operative findings. (A) Sagittal T2-weighted MR images (T2WI) shows well-defined leiomyoma (arrows) with low signal intensity in posterior corpus of the uterus. This case was assigned as grade 3 in terms of SI of T2WI. (B)
Huge myoma was extracted from the uterus and the uterine myometrium and serosa were sutured layer by layer for more than 3 layers
using the da Vinci® Si Surgical System.
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ceive [9].
Pitter et al. [10] investigated outcomes of pregnancy and
parturition in 107 patients who underwent robotic myomectomy at 3 medical institutions. They observed that there were
fewer cases of intra-abdominal adhesions during cesarean
section (11.4%), and one case had a rare occurrence of uterine rupture during pregnancy (1.1%). Robotic myomectomy
is reportedly advantageous even in cases of multiple myomas
[3], when the SS technique is used [4,11,12]. Previous studies
have revealed that SS robotic myomectomy has certain limitations including a longer duration of surgery and ergonomic
challenges due to the semi-rigid, robotic instruments without
wrists [13,14].
After the development of a SS robotic myomectomy
platform with wristed instruments, a recent multicenter
retrospective analysis performed in the United States revealed no significant differences in EBL (83.3 mL vs. 109.2
mL, P=0.34), duration of surgery (162.4 minutes vs. 162.4
minutes, P=0.99), frequency of overnight admission (odds
ratio [OR],1.54; P=0.44), and post-operative complications
(OR=1.3; P=0.78) between the SS and MS robotic myomectomy groups [15]. Our study demonstrated that there were
no significant differences in the postoperative outcomes between both robotic surgical techniques (SS vs. MS). Furthermore, several studies have reported that most patients preferred a SS incision on the abdomen [16]. Thus, with respect
to perioperative outcomes and cosmetic effect, SS robotic
myomectomy is preferred over MS robotic myomectomy
when available. In a previous study, we reported that SS robotic myomectomy is a feasible and safe procedure even in
cases with large, multiple, and intramural type myomas [17]
and SS robotic cystectomy can be used particularly in the advanced stages of endometriosis [18].
Since SS has a narrow range for maneuvering the instruments compared to MS, it is important to select which
technique is suitable for a patient. Since there was no statistically significant difference between the surgical outcomes
of SS and MS robotic myomectomy, the superiority of one
technique over the other cannot be determined; hence, it is
important to select the optimal surgical method according to
each patient’s uterine condition.
Pelvic MRI could be helpful in choosing between SS and
MS before robotic myomectomy, since it is superior to conventional transvaginal sonography for ascertaining both, the
correct embedment of the myoma in the uterine wall and
www.ogscience.org

the position of myoma, even in patients with 1–4 myomas
and uterine volume <375 mL [5]. In our study, when the
fibroid was located deep within the uterine wall or the total
diameter of myoma was large, robotic myomectomy was
successfully performed using the MS method rather than the
SS method.
Additionally, MRI also has an advantage of indicating the
degree of stiffness or vascularity of the fibroid itself [6,19],
which is usually challenging using conventional transvaginal sonography. It is well known that there is a significantly
inverse correlation between high T2 signal intensity of fibroids and their stiffness. Fibroids with high intensity have
lower stiffness compared to those that have a low and homogenous signal intensity [6]. The results of this study also
showed that myoma with a low T2 signal intensity is considerably stiffer, which thereby prolongs its resection time. Gadolinium-enhanced T1-weighted fat-suppressed sequences
are important to confirm the vascularity of uterine myomas.
Vascularity of myomas can vary between the cases; when
the vascularity is high with strongly enhanced T1 image, the
amount of blood loss during surgery might also be high. The
stiffer the myomas, longer is the resection time, and more
abundant the vascularity, higher is the blood loss during resection. Through this study, we confirmed that the degree of
T2 signal intensity observed on pre-operative MRI correlates
with the resection time during surgery.
Previous studies about magnetic resonance-guided focused
ultrasound surgery reported that the signal intensity on T2weighted MR images is useful for selecting fibroids susceptible to thermal coagulation. Hypointense fibroids reportedly
achieved more ablation volume than the hyperintense ones
[20]. Myomas with low SI on T2-weighted MRI were more
likely to reduce in size than those with high SI [21]. Based on
this concept, we assumed that in uterine myomas with higher SI on MRI scans, care would be required for the control of
bleeding during robotic myomectomy, especially, at the time
of SS approach.
The fatal complication after myomectomy is uterine rupture
in cases with a scarred uterus. Recent studies suggested that
the risk of uterine rupture after laparoscopic myomectomy
might vary depending on the characteristics of myomectomy
and surgical techniques. The potential factors for uterine
rupture were, entry in to the endometrial cavity and surgical
techniques used to achieve uterine closure and hemostasis
[22]. Bernardi et al. [23] reviewed 55 pregnancies that fol731
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lowed laparoscopic myomectomy. Uterine rupture occurred
in patients with a short interval from surgery to conception
(<12 months), in those who underwent myomectomy for
fibroids with large diameter (>4 cm), and in cases where the
endometrial cavity had been entered during myomectomy.
The rate of uterine rupture after robot-assisted myomectomy
has been reported to be between 0.6% to 10%. Huberlant
et al. [8] showed the potential of robotic surgery in preserving the uterus and in reducing the obstetric complications.
Indeed, endometrial breach were observed in only 15.1%
of the cases, and no case of uterine rupture was observed.
Intraoperative strategies including multi-layered uterine closure, avoidance of exposure to the endometrial cavity, and
avoidance of excessive electro-cauterization to reduce devascularization were recommended to reduce the risk of
uterine rupture during future pregnancies [24,25]. In our
study, despite more than 3 layers of suturing, one patient
developed uterine dehiscence at the site of a previous scar,
where the uterine wall was thin. In terms of intra-operative,
post-operative, and obstetric complications, more caution is
required during robotic myomectomy when the myoma is
huge and deep-seated, or if there are adhesions due to endometriosis or previous surgery. In Korean multicenter case
series of uterine rupture in pregnancies following myomectomy, the authors suggested that pregnancy in women after
laparoscopic or laparotomic myomectomy should be carefully
observed and adequately counseled [26].
There are a few limitations of our study; first, our data
is regarding an old system, namely da Vinci® Si, which will
soon become redundant. The results from Xi and the new SP
system might differ. Second, the follow-up period was not
adequate to conclude the reproductive and obstetric outcomes. Finally, 80% of the patients who wanted to conceive
had a successful conception after undergoing robotic myomectomy, and this finding was in line with those reported by
previous studies, which reported that robotic myomectomy
helped preserve fertility. However, the sample size of 15 patients was too small.
Robotic myomectomy is the procedure of choice for
women with myomas who wish to preserve their fertility for
future pregnancies. SS robotic myomectomy is an advanced
technique to reduce pain and improve patient satisfaction.
However, due to the limited area of the operative field, it is
important to carefully choose between SS or MS technique
for optimal surgical outcomes. Therefore, we emphasize on
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the need to assess the usefulness of preoperative MRI findings to select the optimal surgical technique for preservation
of fertility. Larger the size and more the number of myomas
or more deep-seated the myoma, more frequent is the tendency to select MS robotic myomectomy. Therefore, compared to SS, conventional MS approach is relevant for more
complex robotic myomectomy.
Following a well-designed robotic myomectomy, the patients’ menstruation and uterine endometrium can be normalized to achieve the restoration of fertility. Despite the limited range of maneuverability, SS robotic myomectomy might
be feasible and safe for future pregnancy if the selection of
the surgical technique based on preoperative MRI indicators
is appropriate.
In conclusion, SS or MS robotic myomectomy can be recommended for patients with myoma who wish to plan a
future pregnancy. However, the optimal surgical technique
should be selected based on the preoperative MRI indicators,
for achieving effective surgical outcomes and successful preservation of fertility. Further large clinical data is necessary to
establish the detailed criteria for MRI indicators for selection
of robotic myomectomy.
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Objective
To determine the frequency of premalignant and malignant lesions in cervical polyps in order to examine whether
cervical polyps need to be removed routinely and also to appraise its association with cervical smear cytology and
endometrial pathologies.
Methods
We retrospectively re-examined the hospital records of 299 cases over a period of 5 years. All patients were
segregated into perimenopausal and postmenopausal groups according to their menopausal status. The groups
were compared in terms of histological results of cervical polyp biopsy, endometrial pathologies, and cervical smear
cytology. Pearson’s χ2 test and Fisher’s exact test were used for statistical analysis, and a P-value of <0.05 was accepted
as statistically significant.
Results
In the histopathological reports of cervical polyps, premalignant lesions were found in 2% of cases, and only 0.3%
of malignant lesion was observed in menopausal women. Subsequently, no malignancy was noted in cervical smear
cytology for both groups. Premalignant and malignant lesions in endometrial histopathology findings were 1.33%
and 0.66%, respectively. There was a statistically significant association between the menopausal status of the patient
and cervical smear cytology and endometrial pathology, but the histological findings were not statistically significant
in relation to the symptomatic status of the patients.
Conclusion
As per the results, we strongly suggest the removal of all cervical polyps with subsequent histological review. The
evaluation of cervical smear cytology prior to polypectomy can provide information about its malignancy potential.
We believe that along with cervical polypectomy,
endometrial sampling should be recommended,
especially for postmenopausal women.
Keywords: Cervical polyp; Cervical smears; Polypectomy;
Endometrial pathology

Introduction
Cervical polyps are the consequences of focal hyperplasia of
the columnar epithelium of the endocervical canal. They are
seen in approximately 2–5% of all women [1]. About twowww.ogscience.org
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thirds of women with cervical polyps are asymptomatic and
are diagnosed during routine speculum examination of the
cervix [2,3]. Although the exact cause of cervical polyps is
unknown, postulated etiologies include increased estrogen
levels; chronic inflammation of the cervix, vagina or uterus;
and clogged blood vessels [4,5]. Although most of the cervical polyps are benign, studies from a few decades ago had
reported that 0.2–1.7% of cervical polyps are associated
with malignancy [6-8]. An analytical study showed a very
low prevalence of malignancy associated with cervical polyp,
at approximately 0.1% [4,5]. Hence, it remains unknown
whether all cervical polyps, including those in asymptomatic
women, should be removed.
The need for performing endocervical and endometrial
sampling simultaneously with cervical polypectomy is another controversial issue. A previous study observed that pathological changes in patients with cervical polyps are frequently
endometrial in origin [4]. Few studies recommend endometrial sampling in addition to polypectomy irrespective of their
symptoms [9-11]. However, according to other studies, polypectomy in cases with asymptomatic polyps was not costeffective and should be recommended only for symptomatic
cases [12,13].
With the above background, we conducted this study. The
primary objective was to assess the frequency of dysplasia
(premalignant) and malignancy in cervical polyps, to determine whether all cervical polyps need to be removed and
evaluated histopathologically. The secondary objective was to
determine the association among cervical polyp biopsy, cervical smear cytology, and endometrial pathology.

Materials and methods
This retrospective study was performed in the Women and
Child Health department at Jawaharlal Institute of Postgraduate Medical Education and Research (JIPMER), Puducherry,
from June 2014 to May 2019.
All patients attending the gynecology outpatient department (OPD), regardless of their presenting symptoms were
subjected to a Pap smear test before gynecological examination, as part of screening for cervical carcinoma. Patients
diagnosed to have cervical polyps on gynecological examination and exhibiting associated symptoms, including excessive
vaginal bleeding or discharge, abdominal mass, or significant
736

findings on pelvic examination, underwent transvaginal ultrasound (TVS) to evaluate endometrial thickness (ET) and other
pelvic pathologies. Transabdominal ultrasound (TAS) was
performed prior to TVS, if indicated. In women with nonspecific symptoms and incidentally diagnosed cervical polyps,
ultrasound was deferred.
In our institute, cervical polyps are usually removed as an
outpatient procedure in either of the procedure rooms: in
the OPD complex or in the major operation theater (OT)
complex. Polypectomy is performed routinely along with
endometrial sampling in the same sitting with the help of a
pipelle device under local anesthesia regardless of the ET on
ultrasound. All specimens are sent to the pathology department for histopathological examination, and patients are advised to return to gynecology OPD for report review 2 weeks
after the procedure.
For this study, all cases of cervical polyps were identified
from the registers in procedure rooms. Irrespective of symptoms, all cases of cervical polyps in perimenopausal and
postmenopausal women, who underwent polypectomy and
endometrial biopsy, were reviewed. The perimenopausal
group included women aged from 41 years to menopausal
age. Postmenopausal status was defined by a period of
amenorrhea for more than a year. Women in the reproductive age group, those with a history of gynecological cancers,
pregnant women, and women on hormone replacement
therapy or oral contraceptives, were excluded from the study.
Histopathological reports (HPR) were retrieved from electronic records. Incidental polyps discovered in hysterectomy
specimens were excluded from the study. Patients with incomplete data entry in OT register or unavailability of cervical
smear cytology reports or histopathological results of the cervical polyp and endometrial biopsy in electronic records were
excluded from the study. Fig. 1 shows patient recruitment.
1. Statistics
Data were analyzed using a statistical software package, STATA 15.0 (StataCorp, College Park, TX, USA). Histopathological
findings were compared between perimenopausal and postmenopausal women. Descriptive statistics, including mean and
standard deviation, were calculated for continuous variables
such as age. Categorical variables were presented as percentages and frequency. The χ2 or Fisher’s exact test was used for
comparative statistics according to the number of patients. A
P-value of <0.05 was accepted as statistically significant.
www.ogscience.org
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Results
During the study period, polypectomy along with endometrial biopsy was performed for a total of 697 cases of cervical
polyps. All cases of cervical polyps in women of reproductive
age (335 cases) were excluded from the study.
A total of 139 cases of polypectomy were completed at the
minor OT close to OPD, and 223 cases were completed in
the procedure room at the major OT complex. Owing to insufficient data entry in the OT register and non-availability of
cytology or HPR, only 299 cases of the total 362 cases were
included in this study. Of the 299 cases, 216 (72.24%) cases
belonged to the perimenopausal group, and 83 (27.75%)
cases belonged to the postmenopausal group. The age range
of perimenopausal women in the study was 41–51 years,
with a mean of 46.4±7.5, and that of the postmenopausal
women was 47–64 years, with a mean of 54.6±8.5. A total
of 103 (34.44%) cervical polyp cases were symptomatic, of
which 74 (24.74%) were in the perimenopausal group and
29 (9.69%) were in the postmenopausal group.
Cervical polyp histopathology, cervical smear cytology, and
endometrial sampling results are shown in Table 1. The com-

monest histopathology diagnoses from the cervical polyp in
both the groups were benign lesions such as leiomyomatous
polyp and endocervical polyp. Premalignant lesions, i.e., cervical intraepithelial neoplasia (CIN), were identified in 6 cases,
which accounted for 2% of all examined polyps. Five out of
6 CIN cases were from the perimenopausal group, and only
one case of CIN was from the postmenopausal group. There
was only 1 (0.33%) malignant lesion among the examined
cervical polyps, which was detected in a postmenopausal
woman. In the perimenopausal group, the cervical smear
cytology report was normal in 210 (72.23%) and inflammatory in 6 (2%) cases. Premalignant lesions in cervical smear
cytology were identified in 4 (1.33%) cases, including 3 lowgrade squamous intraepithelial lesions (LSILs) and 1 highgrade squamous intraepithelial lesion (HSIL). All 4 of these
premalignant lesions were found in the postmenopausal
group. Not a single case of malignancy was observed in cervical smear cytology in both the groups.
In the evaluation of histopathological results for endometrial curettage, the most common findings were normal endometrium (50.83%), followed by benign lesion endometrial
polyp (21.07%) in the perimenopausal group. Atrophic and

Total number of cervical polypectomy (n=697)
Excluded cervical polypectomy in
reproductive age group (n=335)
Cervical polypectomy and endometrial biopsy in
Perimenopausal & Postmenopausal women (n=362)

Cases done in OPD
procedure room (n=139)

Adequate
data available
(n=127)

Excluded
inadequate date
(n=12)

Cases done in side room
OT complex (n=223)

Adequate
data available
(n=198)

Excluded unavailable
reports (n=15)
Available cytology
and Histopathology
reports (n=112)

Excluded
inadequate date
(n=25)
Excluded unavailable
reports (n=11)

Available cytology
and Histopathology
reports (n=187)

Fig. 1. Flow chart on case recruitment. OPD, outpatient department; OT, Operation Theater.

www.ogscience.org

737

Vol. 63, No. 6, 2020

endometrial hyperplastic changes were mainly noticed in the
postmenopausal group. Only 1 (0.33%) case of endometrial
hyperplasia without atypia was noted in the perimenopausal
group, whereas 3 (1%) cases of endometrial hyperplasia with
atypia and 2 (0.66%) cases of endometrial malignancy were
observed in the postmenopausal group.
All malignant findings from HPR of the cervical polyp and
endometrial biopsies were from the postmenopausal group.
There was no statistically significant association between the
menopausal status of the patient and histological results of
cervical polyp (P=0.224), whereas a statistically significant
difference was observed between the premenopausal and
postmenopausal women in terms of cervical smear cytology reports (P=0.006) and endometrial histological findings
(P=0.000).
The majority (65.55%) of the cases were asymptomatic, incidentally diagnosed with cervical polyp on a routine gynecological examination or presented with other complaints un-

related to cervical polyp. Table 2 shows the relation between
histopathological results with symptomatic and asymptomatic statuses of the patients. It has been noticed that there
was no statistically significant relation between symptomatic
status of the patients and malignant status in the cervical
smear cytology (P=0.119) and cervical polyp (P=0.695) and
endometrial (P=0.053) biopsies.
Table 3 shows the association of histopathological results
of cervical polyp biopsy, cervical smear cytology, and endometrial pathologies. All perimenopausal women who were
positive for CIN1 in cervical polyp biopsy, had normal findings in cervical smear cytology and endometrial histopathology, except one woman who showed endometrial hyperplasia
without atypia in her endometrial biopsy. In one postmenopausal woman, cervical polyp histopathology showed CIN1.
Her cervical smear also showed LSIL, and endometrial biopsy
revealed malignancy. One case of malignancy was reported
in cervical polyp biopsy from a postmenopausal woman, who

Table 1. Histopathological results from cervical polyps, cervical smear cytology, and endometrial pathology of perimenopausal and postmenopausal women
Histopathological results

Perimenopausal women

Postmenopausal women

Cervical polyp

0.224

Endocervical polyp

58 (19.39)

25 (8.36)

Leiomyoma

74 (24.74)

30 (10.03)

Cervical polyp

41 (13.71)

18 (6.02)

Endometrial polyp

29 (9.6)

Nabothian cyst

9 (3.01)

5 (1.67)
3 (1.00)

Malignancy

0

1 (0.33)

CIN1

5 (1.67)

1 (0.33)
0.006a)

Cervical smear cytology
Normal

210 (70.23)

79 (26.42)

Inflammatory smear

6 (2.00)

0

LSIL

0

3 (1.00)

HSIL

0

1 (0.33)
0.000a)

Endometrial pathology
Normal endometrium
Endometrial polyp

P-value

152 (50.83)
63 (21.07)

52 (17.39)
9 (3.01)

Atrophic changes

0

17 (5.68)

Hyperplasia

1 (0.33)

3 (1.00)

Malignancy

0

2 (0.66)

Values are presented as number (%).
CIN, cervical intraepithelial neoplasia; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.
a)
Statistical significance (P<0.05).
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showed HSIL in cervical cytology. Her endometrial biopsy
showed hyperplasia with atypia. Among 3 postmenopausal
women, whose cervical polyp histopathology reported benign lesions, 2 cases had premalignant lesions in cervical
smear cytology, endometrial biopsy showed hyperplasia with
atypia in 2 cases, and one case had malignancy.

Discussion
Cervical polyps are frequently observed in perimenopausal
women; these polyps are usually benign, but their etiology

and clinical significance are unclear. In the current study, the
leiomyomatous polyp was the most frequent histopathological finding among cervical polyps. In a previous study, chronic
inflammation was the most common histological pattern
due to the protrusion of the polyp through the external os
[5]. Its location may predispose it to ulceration and infection
because of exposure to frictional forces and compromised
blood flow [14].
Overall, our data revealed that the prevalence of dysplasia
(2%) and malignancy (0.33%) among the histopathological results of cervical polyps. Several studies have reported
that none of the removed cervical polyps showed features

Table 2. Significant histopathological findings with respect to symptoms
Histopathological findings

Asymptomatic

Symptomatic

Cervical polyp

P-value
0.695

Benign

192 (64.21)

100 (33.44)

Premalignant

4 (1.33)

2 (0.66)

Malignant

0

1 (0.33)

Cervical cytology

0.119

Normal

195 (65.21)

100 (33.44)

Premalignant

1 (0.33)

3 (1.00)

Malignant

0

0

Endometrial pathology

0.053

Normal endometrium
Benign

152 (50.83)

69 (23.07)

42 (14.04)

30 (10.03)

Premalignant

1 (0.33)

3 (1.00)

Malignant

1 (0.33)

1 (0.33)

Values are presented as number (%).

Table 3. Association of cervical polyp histopathology with cervical cytology and endometrial pathology
Cervical polyp histology

Age (yr)

Symptom

Cervical cytology

Endometrial pathology

CIN1

43

Menorrhagia

Normal

Hyperplasia without atypia

CIN1

47

Asymptomatic

Normal

Normal

CIN1

41

Asymptomatic

Normal

Normal

CIN1

44

Asymptomatic

Normal

Normal

CIN1

42

Asymptomatic

Normal

Normal

CIN1

59

White discharge

LSIL

Malignant lesion

Malignant

55

Postmenopausal bleeding

HSIL

Hyperplasia with atypia

Cervical polyp

56

Asymptomatic

LSIL

Hyperplasia with atypia

Endocervical polyp

52

White discharge

LSIL

Hyperplasia with atypia

Cervical polyp

56

Asymptomatic

Normal

Malignant lesion

CIN, cervical intraepithelial neoplasia; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.
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of atypia, dysplasia, or malignancy [12,15,16]. In a previous
study a higher incidence of dysplasia (2.6%) and atypical/malignancy (0.30%) among patients with cervical polyps, which
is almost similar to the findings of another author [17,18]. A
study in 2011 also analyzed 228 cervical polyps and detected
dysplasia in 6 (2.6%) cases without any evidence of malignancy [19]. Table 4 shows the frequency of dysplasia and
malignancy in cervical polyps reported by previous studies.
Although the incidence of malignancy in cervical polyps is
low, their removal seems clinically prudent for several reasons. There is an increasing evidence of cervical cancer morbidity and mortality due to late presentation; thus, all cervical
polyps including those from asymptomatic cases must be removed and subjected to histopathological evaluation so that
early dysplastic changes are not missed. We found dysplastic
changes and malignant lesions in cervical polyp histopathology, cervical smear cytology, and endometrial biopsy in both
asymptomatic and symptomatic cases. A retrospective study
reported no premalignant or malignant lesion in patients
with asymptomatic cervical polyps [20].
Abnormal cervical smear cytology results can be linked with
regeneration or inflammatory processes as well as malignancy. All patients with cervical polyps had undergone cervical
smear cytology, and cervical dysplastic changes were found
in 1.33% of cases; most (1%) of them were postmenopausal
women. A study from Turkey included all asymptomatic
patients with cervical polyps, and most of them were postmenopausal. They detected cervical dysplasia on cervical
cytology only in 1 case (0.4%) in premenopausal women [21].
This result was lower than the incidence (2.6%) found in
2 other studies [18,19]. One of the author reported that the
majority of the patients with abnormal previous or concurrent Pap test results had benign endocervical polyps without
an evidence of dysplasia or malignancy [18]. These results

support the findings of a few previous studies where benign
polyps often showed reactive changes, which could have led
to atypical cells on a Pap test [22,23]. A previous study recommended polypectomy despite normal cervical cytological
results [24]. Therefore, if a woman has Pap-test–diagnosed
atypical squamous cells of undetermined significance or
other premalignant lesions in the context of a cervical polyp,
then polypectomy, cervical biopsy, and endometrial and endocervical curettage should be performed as the polyp may
explain the atypical cells on the cervical smear test.
In our study, endometrial curettage was performed for
all patients who underwent cervical polypectomy, of which
4 cases (1.33%) were found to have endometrial hyperplasia
and 2 cases (0.66%) were diagnosed as having endometrial
carcinoma. This incidence was higher in the postmenopausal
group than in the perimenopausal group. Other studies that
performed endometrial sampling in addition to polypectomy
reported endometrial carcinoma rates from 0.1% to 0.4%
in postmenopausal women with cervical polyps [25,26]. Few
studies have observed that cervical polyps are often associated with endometrial hyperplasia, which suggests that high
levels of estrogen may have a significant etiologic role, and
they constitute 4–10% of all cervical lesions [2,3]. However,
the necessity of additional endometrial curettage remains
controversial. According to a previous study, irrespective of
symptomatic or asymptomatic cases, endometrial curettage
is not indicated along with cervical polypectomy in premenopausal women. They also stated that symptomatic cervical
polyps in postmenopausal women must be excised with
mandatory subsequent endometrial curettage since they are
significantly associated with severe pathological conditions
[10]. Another study also reported that a cervical polyp is
3 times more frequent in patients with endometrial carcinoma. Therefore, curettage must accompany polypectomy [25].

Table 4. Dysplastic and malignant findings of cervical polypectomy reported in previous studies
Author

Year

Sample size

Dysplasia

Malignancy

Golan et al. [17]

1993

356

2.60

0.30

Schnatz et al. [4]

2009

2,548

0.50

0.10

Buyukbayrak et al. [11]

2009

4,063

0.40

0.10

Younis et al. [13]

2010

1,126

0.20

-

Levy et al. [18]

2016

369

2.16

0.81

Budak et al. [21]

2018

211

1.10

-

Current study

2020

299

2.00

0.33
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It is well known that genetic (e.g., BRCA1, BRCA2 and Lynch
syndrome) and hormonal (e.g., estrogen) factors play a role
in the etiology of endometrial hyperplasia and malignancy
[27]. Therefore, similar genetic and hormonal factors may
also play a role in the etiology of cervical polyps [11,28]. Furthermore, endometrial pathologies may exist in the presence
of a cervical polyp, irrespective of the presence or absence of
symptoms.
There are several limitations to this study. First, its retrospective design limited our ability to analyze the various risk
factors and their effects on cervical and endometrial pathologies. Second, the small study population necessitates further
prospective research with a larger population. Third, in our
setting, ultrasonography, cervical polypectomy, and endometrial sampling are performed irrespective of the menstrual
cycle phase unless the patient is menstruating. Hence, we
could not correlate the ET with the histopathological findings
of either of the procedures as ET varies in accordance with
the menstrual cycle phase.
In conclusion, the results of our study demonstrate that
premalignant or malignant conditions can often be identified in cervical polyps. We also emphasize the use of cervical
smear screening before polypectomy to reveal information regarding the malignancy potential of cervical polyps.
Furthermore, performing endometrial sampling along with
polypectomy significantly increased the diagnosis of concomitant endometrial abnormalities, especially endometrial
hyperplasia and malignancy, which could have been otherwise missed. Hence, we emphasize the importance of routine pathological evaluation of all cervical polyps along with
endometrial biopsy, irrespective of the presence or absence
of symptoms, so that early detection and treatment can be
performed for premalignant lesions and morbidity and mortality due to invasive carcinoma can be reduced.
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COVID-19 and abortion right
Roya Rashidpouraie, MD, Mohammad Nader Sharifi, MD
Department of Medical Ethics, Tehran University of Medical Sciences, Tehran, Iran

Induced abortion has always been a challenging topic; however, it needs to be discussed during the coronavirus
disease 2019 (COVID-19) pandemic.
Keyword: Abortion right; COVID-19

Introduction
Abortion may be considered for pregnant woman due to
concerns such as: 1) Financial and economic problems,
health concerns, and low community support [1]; 2) Acute
or chronic illness in oneself or in first-degree relatives and
death of spouse [2]; 3) concerns for work, education, and
income [3] created during and after the coronavirus disease
2019 (COVID-19) pandemic; 4) quarantine of cities and business stagnation resulting economic problems in societies, job
loss, low community support, and COVID-19 disease or even
death of partners. The worries and anxieties listed above
may all be factors that increase the risk of induced abortion.

Materials and methods
We searched in electronic databases such as Web of Science,
PubMed, Cochrane library; Google Scholar by 2 key word,
“covid19” and “abortion right” then related article was
gathered.

Discussion
No effective drugs or vaccines have been developed for COVID-19 thus far, and its effect on pregnant women and their
fetus are not known.
• “Abortion care is an essential part of healthcare for women: Services must be maintained even where non-urgent or
elective services are suspended.
• Abortion is time-sensitive, and attention should be paid
www.ogscience.org

to providing care as early as possible given gestational limits.
• Organized access to abortion care is essential so that
delays are minimized [4]”. “There is evidence that abortion
rates are similar whether access to abortion is freely available
or restricted, but that where access is restricted, women are
more likely to resort to unsafe abortion outside of medical
regulation, which is likely to be detrimental to both them
and the healthcare system [5]”. In fact, there are 25 million
unsafe abortions per year, 30 women die for every 100, 000
unsafe abortions in developed regions and 220 deaths per
100, 000 unsafe abortions in developing regions [6].
Based on the World Health Organization’s recommendations for COVID-19 testing, if a pregnant woman has a
positive test, all information about the unknown effects of
coronavirus on her and her fetus should be given, so that she
may make a decision based on her autonomy. This seems to
be difficult for pregnant women with a positive coronavirus
test who live in countries with strict abortion laws. In fact,
during a pandemic, autonomy has been violated by the law.
Pregnant women who want to end their pregnancy in coun-
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tries with strict abortion laws tend to lean to unsafe abortions resulting in increased morbidity and mortality.

Conclusion
COVID-19 is a pandemic, which means, global ethics need
to be considered. We need to think globally and act locally.
It seems that countries with strict laws should reconsider
their abortion laws during pandemics and even endemics to
reduce the number of unsafe abortions and their complications. It is essential to ask women about the possibility of
pregnancy in COVID-19 screening centers and to establish
psycho-medical support care. The COVID-19 emergency is
pushing governments to strengthen their healthcare systems
and reconsider their health laws. Women could face immediate harm if the restricted law is not lifted.
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A case of delivery of a pregnant woman with COVID-19
infection in Daegu, Korea
Jin-Gon Bae, MD1, Jin-Kyeong Ha, MD1, Myoung Kwon, MD1, Hak-Youle Park, MD2, Won-Joon Seong, MD3,
Seong-Yeon Hong, MD4
Department of Obstetrics and Gynecology, 1Keimyung University School of Medicine, 2Fatima Hospital, 3Graduate School of Medicine, Kyungpook
National University, 4Catholic University of Daegu School of Medicine, Daegu, Korea

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which is affiliated with the β-coronavirus subgroup, which includes SARS-CoV and Middle East respiratory syndrome
coronavirus (MERS-CoV), but is far more infectious than the 2. Because it is potentially life-threatening to infants
and pregnant women with weak immune systems, clinical manifestations and vertical transmission of COVID-19 are
matters of interest. Staff of the obstetrics department of university hospitals in Daegu and of the Daegu metropolitan
government designated Daegu Fatima Hospital for the delivery of pregnant women with suspected and confirmed
SARS-CoV-2 infection. Thirteen pregnant women with laboratory-confirmed COVID-19 were identified. Among them
was a 28-year-old pregnant woman who had recovered from COVID-19 and had given birth to a healthy girl at 38
weeks of gestational age. We present our uncommon experience with a brief review of literatures.
Keywords: COVID-19; Pregnancy; Obstetric delivery; Coronavirus

Introduction
The first case of coronavirus disease 2019 (COVID-19) was
announced in China on January 20, 2020, and the World
Health Organization declared the global outbreak of COVID-19 as a pandemic on March 11. A month later, after
the first case in Korea, an outbreak of COVID-19 occurred in
Daegu, Korea. To prevent the spread of COVID-19 to pregnant women, we developed a control system in Daegu, and
it seemed to be effective. There was no case of fetal demise
or abortion. We report the delivery of a healthy girl at 38
weeks of gestation by a woman who had recovered from
COVID-19.

Case report
On February 12, 2020, a 28-year-old woman, gravida 1 para
0, who had no previous illness notified the public health center that she had a fever and cough for 2 days. She had been
in contact with her husband, who had a confirmed case of
COVID-19 pneumonia, and she was also 36 weeks pregnant.
She tested positive for COVID-19, confirming that she was
www.ogscience.org

infected. Because the number of confirmed cases suddenly
skyrocketed, a sufficient governmental control strategy was
not yet established at that time. No hospital had been designated for the care of pregnant women with COVID-19, and
“self-isolation” was recommended. Fortunately, her clinical
manifestation was mild, and she complied well with the advice and daily monitoring of the public health center for 2
weeks. During this period, she was not given treatment. On
February 23, staff of the obstetrics department of university
hospitals in Daegu and of the Daegu metropolitan govern-

Received: 2020.04.16. Revised: 2020.07.26. Accepted: 2020.08.12.
Corresponding author: Jin-Gon Bae, MD
Department of Obstetrics and Gynecology, Keimyung University
Dongsan Medical Center, Keimyung University School of
Medicine, 1035 Dalgubeol-daero, Dalseo-gu, Daegu 42601, Korea
E-mail: jgonmd@gmail.com
https://orcid.org/0000-0001-6127-162X
Articles published in Obstet Gynecol Sci are open-access, distributed under the terms of
the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Copyright © 2020 Korean Society of Obstetrics and Gynecology

745

Vol. 63, No. 6, 2020

ment designated Daegu Fatima Hospital for the delivery of
pregnant women with suspected and confirmed severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
On the 13th day after the confirmation of the infection,
the patient was admitted to the designated hospital for delivery at 38 weeks of pregnancy because she was concerned
about the condition of the baby. Upon admission, physical
examination findings were normal. Laboratory tests revealed
a leukocyte count of 5,380/mm3, a C-reactive protein level
of 0.15 mg/L, and other results within normal limits. Chest
radiographs revealed no active pathologic finding (Fig. 1). A
fetal ultrasound scan showed adequate growth for gestational age without any abnormality, and the nonstress test
results were normal. The mother was retested for COVID-19,
but the results were not available at the time of delivery.
After consultation with an anesthesiologist, a neonatologist, a pulmonologist, and a nosocomial infection controller, she gave birth to a girl weighing 3,130 g via cesarean
delivery on maternal request under spinal anesthesia in a
negative-pressure operating room staffed by personnel with
adequate personal protective equipment. To avoid the risk

of infection through direct contact, the umbilical cord was
clamped right away. The newborn’s Apgar scores were 9 and
10 at 1 and 5 minutes, respectively. After delivery, the mother
and infant were transferred to separate isolation rooms that
were fumigated later. The neonate was kept isolated without
any skin-to-skin contact and tested for COVID-19 infection
by quantitative reverse–transcription polymerase chain reaction. A nasopharyngeal swab, amniotic fluid, placental tissue,
and umbilical venous blood yielded negative results twice in
24-hour interval. A pathological examination of the placenta
also yielded no abnormal findings. Breast milk was substituted with formula milk to minimize the risk of infection to
the neonate via respiratory droplet or direct contact. Chest
computed tomography in the mother after delivery showed
the finding of atypical pneumonia, but her clinical symptoms
were improved, and the test result for COVID-19 was negative (Fig. 2). On the 5th day after delivery, the mother and
infant were discharged without any other symptoms associated with COVID-19.

Discussion
Coronaviruses are enveloped, spherical, nonsegmented, and

Fig. 1. Plain chest radiograph in the mother showed no definitive
pathologic findings.
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Fig. 2. Chest computed tomography in the mother revealed subpleural consolidation and peribronchial infiltration in the left lower
lung field.
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positive-strand RNA viruses. SARS-CoV-2 and MERS-CoV are
the β-coronaviruses among 4 genera of coronaviruses [1].
SARS-CoV-2 causes COVID-19 [2]. Unfortunately, there is
no definite evidence that pregnant women are at a greater
risk for COVID-19 or pneumonia compared to other people.
However, pregnant women are vulnerable to respiratory diseases due to immunologic and physiologic changes during
pregnancy, and SARS-CoV and MERS-CoV are notorious for
causing severe respiratory complications during pregnancy
[3].
Common clinical signs of COVID-19 are fever, cough,
myalgia, headache, abdominal pain, and diarrhea. Severe
pneumonia, acute respiratory distress syndrome, and death
can occur [4,5]. One general medical concern is the lack of
extensive information about the delivery of mothers with
COVID-19 in Korea, but viral pneumonia during pregnancy is
known to be related to preterm delivery, fetal growth restriction, and perinatal mortality [6].
Generally, SARS-CoV-2, like influenza, is known to be
spread through small respiratory droplets from the nose or
mouth when an infected person coughs and exhales. Spread
might also occur through the fecal–oral route, as clinical
signs of COVID-19 are similar to those of SARS [7]. The
prevalence and results of congenital infections with SARSCoV-2 are not clear. Chen et al. reported 9 pregnant women
with confirmed COVID-19 during the third trimester. All
9 were delivered via cesarean section, and Apgar scores
ranged from 8 to 9 at 1 minute and from 9 to 10 at 5
minutes [8]. In another series of 9 pregnant women, Zhu
et al. [9] reported 6 cases of fetal distress and 6 cases of
preterm delivery, but none of the infants had serious neonatal complications. In the aforementioned 18 cases, no
neonate had laboratory-confirmed COVID-19 infection or
pneumonia; however, all neonates born to mothers with
COVID-19 should be isolated because knowledge regarding
COVID-19 is still limited, and SARS-CoV, which is related to
β-coronaviruses, produces various clinical and histological abnormalities in the placenta [10].
Because guidelines for antimicrobial treatment during pregnancy have not yet been published, antiviral medication for
COVID-19 infection and antibiotics for secondary bacterial
infections should be carefully discussed by specialists in microbiology, virology, obstetrics, and neonatology if infective
symptoms are to be managed. In severe confirmed cases,
conservative blood pressure management, fluid balance, and
www.ogscience.org

oxygen saturation should be considered, and fetal heart rate
should be monitored carefully because sudden changes in
fetal heart rate might indicate the aggravation of maternal
respiratory symptoms [11,12].
Regarding preterm labor treatment, corticosteroids for fetal
lung maturation should be administered cautiously because
they may slow down recovery from the viral infection. Therefore, it is not recommended to use tocolytics to delay delivery
until the fetal lungs mature with corticosteroid treatment. It
is also not clear which tocolytics would be safer in pregnant
women with COVID-19 [13].
COVID-19 itself is not a reason for early delivery; instead,
various maternal conditions should influence decisions about
delivery. COVID-19 is also not a contraindication to vaginal
delivery. If labor is spontaneous and progresses properly,
vaginal delivery could be performed, but efforts to reduce
respiratory droplets, reduce the risk of exposure, and shorten
the second stage of labor are needed. Regardless of delivery
method, both vaginal delivery and cesarean section should
be performed in a dedicated negative-pressure operating
room by personnel with adequate personal protective equipment (respirator or effective mask, goggles or face shield,
surgical gown, and gloves) [14]. To minimize exposure, a
route to the delivery room for infected pregnant women
should be prepared in advance, and after transfer, the route
should be restricted and fumigated as soon as possible.
Although the possibility of vertical transmission of SARSCoV-2 during pregnancy is not clear, direct infection through
contact after delivery is possible. Hence, prompt clamping of
the umbilical cord might be safer than delayed clamping [15].
It is rational to presume that a neonate born to a mother
with COVID-19 could be infected, and such neonates should
be isolated from other neonates. Moreover, the evidence of
the safety of breastfeeding by women with COVID-19 is still
not clear.
As mentioned, pregnant women are very vulnerable to
infection and pneumonia. It is important and reasonable
to manage pregnant woman with COVID-19, but it is of
greater importance that other uninfected women should not
be exposed to the infection. If all perinatal centers had participated in treating women with confirmed COVID-19, they
could have become contaminated, and high-risk pregnancies
could not possibly be managed.
To effectively manage pregnant women with confirmed
COVID-19 and preserve the capacity of the management
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for uninfected pregnant women at a high risk for complications, a task force for pregnancy in Daegu city appointed
one general hospital (Daegu Fatima Hospital) for the delivery
of pregnant women with confirmed or suspected COVID-19
and another general hospital (Daegu Dongsan Hospital) for
isolation and conservative management. All the obstetrical
staff of the university hospital in Daegu confined their duties
to the designated hospitals.
On April 6, 2020, the cumulative total number of COVID-19 cases in Daegu was 6,768, and 13 of the patients were
pregnant women. Of these 13 women, 8 were confirmed to
have COVID-19 in the first trimester, 3 in the second trimester, and 2 in the third trimester. Our patient—who was diagnosed with COVID-19 in the third trimester—gave birth to a
healthy girl at full term. Fortunately, clinical manifestations of
all 13 cases were mild, and there was no case of abortion or
fetal demise.
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Radiation induced pemphigoid disease
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Department of Obstetrics and Gynecology, Presbyterian Medical Center, Jeonju, Korea

Among the possible complications of radiation therapy, acute and chronic side effects on the skin can be induced by
percutaneous radiotherapy in the target site. Common skin lesions include radiation dermatitis, which can be treated
by topical application of dressing and ointment. Pemphigoid disease, which displays similar clinical features as other
skin diseases such as recurrent cancer and herpes zoster, rarely occurs in the site of radiotherapy; therefore, care
must be taken during diagnosis for a timely treatment. The present report is a case of pemphigoid disease that had
developed in a patient with endometrioid/clear cell carcinoma after radiation therapy, and the time between onset
and radiotherapy was more than 6 months.
Keywords: Pemphigoid; Endometrial cancer; Radiation therapy

Introduction
Pemphigoid is subepidermal autoimmune disease associated
with internal malignancies including endometrial cancer and
it has various clinical manifestation. Erosions and erythema
with multiple blisters develop all over the body. After administration of radiotherapy, this rare complication can occur in
the irradiated area. Also there are several chemotherapeutic
agents have many side effects including skin toxicity, and it
significantly worsens the quality of life of patients. Long term
Radiation along with chemotherapy can easily harm on skin
barrier, and its disruption often cause autoimmune blistering
disease.
We report a case of radio-induced bullous pemphigoid in
elderly woman, who was treated for endometrial cancer and
suffered pemphigoid after the radiation therapy, treated with
steroid therapy.

Case report
A 66-year-old female patient who was diagnosed with endometrioid/clear cell carcinoma had progression to stage Ib
after radical hysterectomy. She received adjuvant chemotherapy with paclitaxel/carboplatin. There was no response to
first-line chemotherapy, and a possible brain metastasis was
suspected on computed tomography. Thus, chemotherapy
750

was terminated, and she underwent whole-pelvis and wholebrain radiotherapy for 3 months.
Eight months later, she revisited the hospital for pain from
bullae and erosion in the right thigh. A topical corticosteroid
cream and an antihistamine were prescribed for allergic dermatitis or radiation dermatitis. However, the bullae continued
to spread. Therefore, valaciclovir and acyclovir creams were
administered for 7 days, after which she was admitted, as
the bullae over 0.5 cm in size further expanded to 5 cm and
the erosion worsened (Fig. 1). During this new hospitalization, the lesion site was cleansed daily with saline, a hydrogel
dressing was applied, and mupirocin ointment and triaxone
injection were administered. After 1 month of treatment,
the inflamed area healed, but the spread and bursting of the
bullae increased. Ten days later, prednisolone 10 mg QD was
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administered along with the above antibiotics and mupirocin
ointment (Fig. 2). Furthermore, no bacterial isolates were
found; therefore, we maintained the injectable antibiotic
regimen. After 10 days, the bullae spread ceased, and for the
next 7 days, the dosage was reduced to 5 mg. The wounds
healed after the administration of a diuretic for improving
lymphedema, and she was put on a high-protein diet.

Discussion
Pemphigoid is an autoimmune disease characterized by bullae formation resulting from the antigen–antibody reaction
when autoantibodies bind to the hemidesmosome complex
of the skin in the basement membrane zone.
The exact cause of pemphigoid is unknown, but it may be
induced by certain drugs, including sulfasalazine, furosemide,
and penicillin, and rarely by local burns, ultraviolet photo-

Fig. 1. On hospital day 4, diffuse and erythematous bullae size
worsened in the right thigh. We only applied acyclovir cream on
the lesion.

www.ogscience.org

therapy, and radiotherapy [1].
There are only a few reports of radiation-induced pemphigoid. It is a very rare complication in which radiation interferes with the sulfhydryl group in cells and changes the antigenic properties of the cell surface, leading to the antigen–
antibody reaction underlying pemphigoid.
The clinical signs of pemphigoid include bullae and rash,
with or without itching. The outbreak occurs usually within
1 year after radiation treatment [2]. Pemphigoid cannot be
diagnosed with clinical symptoms alone, and differential
diagnoses including drug eruption, erythema multiforme,
and acute viral infections such as varicella–zoster must be excluded using viral marker study, biopsy, and culture [3]. After
radiation therapy, 95% of patients experience skin changes
resulting from radiodermatitis (acute/chronic), erythema
multiforme, Stevens–Johnson syndrome, and autoimmune
diseases. Radiodermatitis is a common condition that occurs
within 20 days after radiation, and clinical symptoms such as
erythema spreading around the follicles and wrinkles at the
site of radiation are commonly observed. Radiation-induced
pemphigoid, however, is characterized by bullae formation at
the irradiated site, beyond which the bullae can spread [4].
Such skin diseases can be worsened by several factors such
as radiation dose, presence of other skin diseases, presence
of a lesion due to previous chemical damage, obesity, smoking, and malnutrition. Patients receiving radiotherapy must
be cautious of the above risk factors.
Treatment of radiation-induced pemphigoid using systemic

Fig. 2. After administering prednisolone and antibiotics, inflamed
area healed and erythema did not spread.
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corticosteroids usually yields excellent results. Oral steroids
at low daily doses of approximately 20–40 mg are recommended, but continued use increases the risk of bone density
decline and diabetes. Care must be taken during long-term
use, and the dosage should be reduced once there is an improvement in the lesion [5]. Other treatment options include
azathioprine, which is reported to be effective in maintaining
relief of the lesion after steroid administration. Dapsone and
sulfonamide can also be used, but without significant effect,
and might be considered only for patients who cannot receive steroid treatment. Additionally, simultaneous antibiotic
treatment may be helpful in the case of pemphigoid. It can
prevent further infection caused by weakening of the skin
barrier as pemphigoid progresses.
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text, excluding the abstract, references, figures, and tables. These
articles are limited to 40 references. The manuscript should be
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keywords, introduction, materials and methods, results, discussion,
acknowledgments, references, tables, and figures with their
legends.
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introduction, body text, conclusion, acknowledgments, references,
tables, and figures with their legends. The maximum word count
is 4,500 words of body text, excluding the abstract, references,
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references.
[3] Case reports
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affiliation, full address, and e-mail address), conflict of interest
disclosure, and a Statement of Authorship signed by all authors.
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upload your case report as a letter on the submission website. No
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their scientific findings through visual media. All submitted files
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articles’ content. The maximum file size is 350MB (after conversion
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accepted for conversion include MPG, AVI, MOV, WMA, WMV,
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be a separate. There should be a manuscript submitted with the
video that includes a title page, structured abstract, body of text,
and disclosures, as well as references (if needed). The abstract
should not exceed 250 words and must describe concisely, in
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MANUSCRIPT PREPARATION
Manuscripts for submission to OGS should be prepared according
to the following instructions. The journal follows the “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Writing and Editing for Biomedical Publication” (http://www.icmje.

org/recommendations/), commonly known as “the Vancouver
style,” if not otherwise described below.
General Guidelines
After entering information about the authors, the manuscript title,
abstract, keywords, and other details, you will be prompted to
upload your files. The main document with manuscript text and
tables should be prepared with in Microsoft Word.
• The main document should be organized in the following order:
title page, the abstract and keywords, introduction, materials
and methods, results, discussion, acknowledgments, references,
tables, and figures with their legends.
• The manuscript should be written in 10-point font with double
spacing on A4-sized paper (21.0×29.7 cm) with 2.5 cm margins
(top, bottom, right, and left).
• Manuscript pages are to be numbered consecutively, centered at
the bottom of each page and beginning without the title page
as page 1.
• The use of acronyms and abbreviations is discouraged and should
be kept to a minimum. Acronyms and abbreviations cannot be
used in the title. When used, they are to be defined where first
used, followed by the acronym or abbreviation in parentheses.
• Drug and chemical names should be stated in standard chemical
or generic nomenclature. Units of measure should be presented
according to the International System (SI) of units.
1) Title page
Include the following items on the title page: title of the article, full
names of authors, academic degrees, and institutional affiliations of
all authors. A short running head must also be provided, consisting
of fewer than 40 characters including spaces. When addresses
of authors differ, begin with the name of the organization where
the primary research was conducted and follow with the names
of the other organizations along with the authors’ names, listed
in numerical order. At the bottom of the title page, identify the
corresponding author and include his/her postal address and
e-mail address.
2) Abstract and Keywords
The abstract should not exceed 250 words and describe concisely,
in a paragraph, the following: Objective, Methods, Results, and
Conclusion. Up to five keywords should be listed below the
abstract as index terms. For the selection of keywords, refer to
Medical Subject Headings (MeSH, http://www.ncbi.nlm.nih.gov/

mesh) in Medline.
3) Introduction
Briefly describe the purpose of the investigation, including relevant
background information.
4) Materials and Methods
Describe the research plan, materials (or subjects), and methods
used, in that order. Explain in detail how the disease was
confirmed and how subjectivity in observations was controlled.
When experimental methodology is the main issue of the paper,
describe the process in detail so as to recreate the experiment as
closely as possible. The sources of the apparatus or reagents used
should be given along with the source location (name of company,
city, state, and country). Information regarding institutional review
board/ethics committee approval or waiver and informed consent
should be stated. Methodology for statistical analyses and criteria
for statistical significance should be described.
5) Results
Results should be presented in a logical sequence in the text,
tables/figures , and illustrations. Do not repeat in the text all data
that appear in the tables or figures; you may, however, describe
important points and trends.
6) Discussion
Observations pertaining to the results of research and other
related materials should be interpreted for your readers.
Emphasize new and important observations; do not merely repeat
the contents of the introduction or results. Explain the meaning
of observed opinions along with their limits; within the limits of
the research results, connect the conclusion to the purpose of the
research.
7) Acknowledgments
If necessary, persons who have made substantial contributions but
who have not met the criteria for authorship are acknowledged
here. All sources of funding applicable to the study, disclosure
of potential conflicts of interest (including financial interests,
activities, relationships, and affiliations), information on previous
presentations, and any important disclaimers should be stated
explicitly here.
8) Ethical approval
Clinical studies or experiments using laboratory animals or

pathogens should mention approval of the studies by relevant
committees in this section. The sources of special chemicals or
preparations should be given along with their location (name
of company, city and state, and country). Method of statistical
analyses and the criteria for determining significance levels should
be described. An ethics statement should be placed here when the
studies are performed using clinical samples or data, and animals.
9) Patient consent
All authors are required to follow the ICMJE requirements
(http://www.icmje.org/recommendations/browse/roles-andresponsibilities/protection-of-research-participants.html) on
privacy and informed consent from patients and study participants.
Confirm that any patient, service user, or participant in any
research, experiment, or clinical trial described in the paper has
given written consent to the inclusion of material pertaining to
themselves; and that authors have fully anonymized them.
10) References
In the text, references should be cited with Arabic numerals
in brackets in the order cited. In the References section, the
references should be numbered in order of appearance in the
text (in English). List all authors if there are less than or equal
to six authors. List the first six authors followed by “et al.” if
there are more than six authors. If an article has been published
online but has not yet been given an issue or pages, the digital
object identifier (DOI) should be supplied. Journal titles should
be abbreviated in the style used in Medline. If the reference is in
Korean, then provide the English version in the references list.
Other types of references not described below should follow Citing
Medicine: The NLM Style Guide for Authors, Editors, and Publishers
(http://www.nlm.nih.gov/citingmedicine).
• Journal articles:
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org/10.1093/annonc/mds248.
• Online sources:
7. American Cancer Society. Cancer reference information
[Internet]. Atlanta (GA): American Cancer Society; c2012 [cited
2012 Oct 20]. Available from: http://www.cancer.org/docroot/
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11) Tables
• Each table should have a title, begin on a new page, and be
numbered with an Arabic numeral in the order in which it is

cited in the text.
• The title and contents of a table should be written in concise
and clear English so that the reader can understand the table
without referring to the text.
• The total number of tables shall not exceed five.
• Within a table, if a non-standard abbreviation or description is
necessary, elaborate with an annotation below the table. Insert
lower case, superscript letters a), b), c), etc., to the right of
terms that need explanation. The annotation (preceded by the
respective lower case letter) should appear below the table.
• Statistical measures, such as SD or SEM, should be identified.
• Vertical or horizontal lines between entries should be omitted.
12) Figures
• Upload each figure as a separate image file.
• The figure images should be provided in EPS or TIF format—
although the JPEG format is allowed for color figures—in high
resolution (preferably 300 dpi for figures and 600 dpi for line art
and graphs).
• If figures are not original, the author(s) must contact each
publisher to request permission to reprint; include information
regarding permission to reprint in a footnote below the figure.
• Figures should be numbered, using Arabic numerals, in the order
in which they are cited in the text.
• In the case of multiple images within the same figure, use
capital letters after the numeral to indicate the correct order (e.g.,
Fig. 1A, Fig. 1B).
• The total number of figures shall not exceed five.
• A figure legend should be a one-sentence description (rather
than a phrase or a paragraph) in English.
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