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Obesity as a risk factor of in-hospital outcomes
in patients with endometrial cancer treated with
traditional surgical mode

Slawomir M. Januszek, Edyta Barnas, Joanna Skret-Magierlo, Jakub Sokolowski,

Pawel Sczerba, Rafal Januszek, Wojciech Domka, Tomasz Lozinski, Marek Kluza, Tomasz Kluz

Gynaecology and Obstetrics Clinic, Clinical District Hospital No. 1, Rzeszow, Poland

ABSTRACT

Objectives: Abdominal obesity is a risk factor for endometrial cancer. The negative impact of individual parameters of
obesity on the procedural effects of endometrial cancer surgical treatment has been suggested. The aim of the current
study was to estimate the relationship of particular parameters of obesity and in-hospital outcomes in patients treated
surgically due to endometrial cancer.

Material and methods: The study included 70 women treated surgically for endometrial cancer. Pre-operatively, mass,
body mass index (BMI), waist circumference, waist-hip ratio and selected anatomical indices were measured. The dura-
tion of surgery, hospitalisation, and the loss of haemoglobin served as parameters of in-hospital procedure success. Also,
procedural-related complications were estimated.

Results: There were 37 (52.8%) obese females in the current study. They were obese patients presenting more advanced
clinical stages of endometrial cancer before operation. The duration of operation (94.9 + 21.6 min. vs. 76.1 £ 13.5 min.,
p <0.0001), hospitalisation (12.4 + 3.4 days vs. 10 + 2.3 days, p = 0.0009) and haemoglobin loss (2.5 +0.9g/dLvs. 1.9+ 0.8 g/dL,
p = 0.004) were significantly greater in obese patients. Multivariate analysis, among the independent predictors of the
duration of operation, has confirmed the correlation between BMI, waist circumference and weight and the duration of
hospitalisation. Waist and hip circumference and BMI coupled with external conjugate dimension and intertrochanteric
distance have been linked with haemoglobin loss. The strongest correlation for the duration of operation, hospitalisation
and haemoglobin loss was noticed for waist circumference (r=0.7,r = 0.57 and r = 0.59).

Conclusions: Waist circumference and BMl are strong predictors of in-hospital outcomes among patients with endometrial

cancer treated via traditional surgical operation.

Key words: abdominal obesity; BMI; cancer of endometrium; operative time; perioperative outcomes

Ginekologia Polska 2019; 90, 10: 549-556

INTRODUCTION

Endometrial cancer is the most common cancer of
the female reproductive organs. It is ranked fourth in
terms of the incidence of malignant tumours. In the years
1963-2008, a significant increase in the incidence of ma-
lignant neoplasms of endometrial cancer was observed
(1,023 and 4,820 cases, respectively, in 1963 and 2008) [1].
There was also an increase in the percentage of malignant
tumours in this organ among all malignancies in women
from 5.3% to 7.4%. The standardised incidence rate in
1963 and 2008 was 5.9 and 14.4 per 100,000 women,
respectively. According to Bidzinski, it is likely that the
growing trend in the incidence of malignant neoplasms

Corresponding author:
Slawomir M. Januszek

of the uterus will persist [1]. On the other hand, mortality
from endometrial malignancies in the last decades has sig-
nificantly decreased. Standard mortality rates in 1963 and
2003 were 9.1 and 2.2, respectively [1]. The occurrence
of endometrial cancer is associated with economic and
cultural fluctuations in developed countries that bring
about lifestyle changes, which, among others, involve
obesity, diabetes, hypertension, metabolic syndrome,
multiparity, treatment with exogenous oestrogens unbal-
anced with gestagens or treatment with tamoxifen [2, 3.
The prolonged life expectancy in women in Poland and
other European countries also contributes to an increase
in the incidence of endometrial cancer. Most cases occur

Gynaecology and Obstetrics Clinic, Clinical District Hospital No. 1, 2 Szopena St, 35-055 Rzeszow, Poland

e-mail: sjanuszekd@gmail.com
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in postmenopausal women (75%) [1]. Obesity in women
aged 50-59 is the mostimportant risk factor for the devel-
opment of endometrial cancer [2]. It was estimated that
an increase in body mass by 10 kg in women in this age
range results in a threefold higher risk of disease, an in-
crease in mass above 20 kg increases the likelihood of the
disease even tenfold [4]. In a meta-analysis of 19 reviews
and prospective studies, Renehan et al. [5] also found that
each increase in BMI by 5 kg/m? significantly increased
awoman's risk of developing endometrial cancer (RR 1.59,
95% Cl 1.50-1.68). Not only does obesity have impact on
cancer-related death, but through its association with
co-morbidities (diabetes mellitus and hypertension), it
significantly effects all-cause mortality. The Gynaecologic
Oncology Group, in a review among 380 patients with
endometrial cancer, found that morbid obesity was as-
sociated with higher mortality (HR 2.77,95% Cl 1.21-6.36)
from causes other than endometrial cancer or disease
recurrence [6]. Endometrial cancer is not a homogene-
ous tumour, both in terms of histological structure or
clinical exponents. Classically, according to Bokhman, two
types of histopathology are distinguished: Type 1 — more
frequent, endometriotic cancer, Type 2 — less frequent,
non-endometroid cancer. Non-endometroid carcinomas
include serous and clear cell carcinomas. The second type
of endometrial tumours has a vague etiology and worse
prognostics [7, 8]. Type 1 is etiopathogenetically associ-
ated with excessive oestrogen stimulation and obesity
[9]. We assume that in about 80% of endometrial cancers,
it is reasonable to find these compounds. According to
the World Cancer Report, obesity accounts for 40% of
all endometrial cancer cases [2]. Obesity is an important
social and health problem. It is estimated that the issue
of overweight and obesity affects 50-65% of the Euro-
pean population. In summary, there are discrepancies in
the assessment of the influence of obesity regarding the
course of surgically treating endometrial cancer due to
the use of various parameters of obesity in the literature.

The aim of the current study was to assess the relation-
ship between obesity parameters and procedural indices
with emphasis on the duration of operation, hospitalisation
and haemoglobin loss after the operation.

MATERIAL AND METHODS

70 patients treated at the Clinical Department of Gy-
naecology of the Provincial Specialist Hospital due to en-
dometrial cancer in the period from February to August
2011. The study included patients qualified for transab-
dominal hysterectomy with diagnosed endometrial cancer
based on histopathological examination of uterine scrap-
ings. The research project was an observational prospective
study of standard treatment. Before the operation, a clinical

interview was performed. This included age, births, educa-
tion in years, prior abdominal surgeries and comorbidi-
ties. In the preoperative study, the following parameters
were determined: height, weight, waist and hip circum-
ference in cm with a measuring tape, pelvic bone dimen-
sions using a pelvis meter. Also, body mass index (BMI) and
waist-hip ratio (WHR) were calculated in the study group.
According to the World Health Organization, overweight
and individual degrees of obesity are determined by de-
fined ranges of BMI. Overweight was defined as BMI in
the range 25-30 kg/m?2. Class | obesity is within the range
30-35 kg/m?, while class Il obesity is within the range of
35-40 and class Il obesity values are > 40 kg/m?. Patients
were qualified for the hysterectomy procedure according
to the current Polish guidelines [10]. In the current study
obesity was defined as the BMI = 30 kg/m?2. The surgery treat-
ment included: removal of the uterus with adnexal tracts,
systemic pelvic and para-aortic lymphadenectomy(FIGO
I-G1/G2 and myometrium invasion > 50%, G3) removal of
the greater omentum (Excision of the greater omentum in
serous endometrial carcinoma and sarcocarcinoma) [11].
In the perioperative period, selected parameters were moni-
tored and they were recognised as indicators of in-hospital
outcome of operational treatment: the duration of surgery
(minutes), the loss of haemoglobin — the difference in the
serum concentration before surgery and on the second day
after surgery (g/dL), the occurrence of procedural-related
complications, and the duration of hospitalisation (days).

The study has been approved by the local University of
Rzeszéw ethics committee. The protocol complied with the
Declaration of Helsinki, and all participants provided written
informed consent before enrolment.

Statistical analysis

Continuous variables are expressed as mean + standard
deviation. Categorical variables are introduced as num-
bers and percentages. Normality was assessed with the
Shapiro-Wilk test. The Mann-Whitney U test was used for
non-normally distributed continuous variables. Univariate
and multivariate regression analysis were used to find sig-
nificant predictors of in-hospital outcomes. The analysed
procedural indices (duration of operation, duration of hospi-
talization and the extent of hemoglobin loss) were assessed
as continuous variables. Also predictors of clinical outcomes
were assessed as continuous variables or dychotomic when
appropriate. Multifactorial analysis was performed by back-
ward elimination. Also, Spearman’s correlations were calcu-
lated for possible relationships between selected factors
and pre-specified indicators of in-hospital outcomes. The
p-value < 0.05 was considered statistically significant. All
analyses were performed with JMP®, Version 13.1.0 (SAS
Institute INC.,, Cary, NC, USA).
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RESULTS
General characteristics

The patients’ epidemiology and tumour characteristics
are presented in Table 1. In the studied group, 81.43% pre-
sented a BMI > 25 kg/m? (Fig. 1). While 37 patients presented
with BMI > 30 kg/m? (52.8%). Most often, the patients were
diagnosed and operated in stage | of the cancer according
to FIGO — Table 2. In the preliminary analysis of the results
of surgical treatment, we observed that the average dura-
tion of abdominal hysterectomy due to endometrial cancer
was 86 + 20.4 minutes, the average duration of hospitalisa-
tion was 11.3 + 3.1 days, the average loss of haemoglobin

Table 1. Patients epidemiology and tumour characteristics

measured as a difference measured in g/dL before surgery
and on the second day after surgery was 2.2 + 0.9 (Tab. 3).

The duration of the operation

The duration of the operation was significantly longer
in patients with BMI value > 30 kg/m? compared patients
with BMI value < 30 kg/m? (94.9 +21.6 vs. 76.1 = 13.5 days,
p < 0.0001). The duration of operation time correlated
positively with body mass, BMI value, hip circumference,
WHR, intertrochanteric distance, interspinous distance,
intercristal distance, external conjugate and prior abdomi-
nal surgery, while a negative correlation was found with

Variable Overal group N =70 (%)
Rural region 26(37.2)
Place of residence Urban region 24 (34.3)
Town > 50,000 residents 20 (28.5)
Vsl Before menopause 61 (87.1)
After menopause 9(12.9)
Nulliparous 14 (20.1)
Parity Uniparous 16 (22.8)
Multiparous 40 (57.1)
G1 36(51.4)
Endometrioid G2 24 (34.2)
G3 5(7.1)
Histopathological type Clear-cell 1(1.4)
Serous 2(2.8)
Adenosquamous 1(1.4)
Non-epithelial 1(1.4)
| 52(74.3)
Staging according to FIGO classification ! 11143
I 5(7.1)
% 2(28)
Diabetes mellitus 17 (24.8)
Hypertension 32(54.8)
Coronary artery disease 5(7)
History of venous occlusive disease 3(5.2)
Arrhythmias 6(8.4)
Priorcerebral stroke 2(28)
Chronic heart failure 4(5.6)
Co-morbidities Bronchial asthma 5(7)
Chronic pulmonary obstructive disease 3(4.2)
Hyperthyroidism 4(5.6)
Hypothyroidism 3(4.2)
Cholelithiasis 6(8.4)
Diathesisurica 2(2.8)
Osteoarthritis 9(12.6)
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the number of births. This is presented in Table 4. Univari-
ate regression analysis confirmed significant relationships
between operation duration and body mass, BMI, waist
circumference, hip circumference, WHR, intertrochanteric

distance, interspinous distance, intercristal distance, prior
abdominal surgery, hypertension, diabetes, chronic ob-
structive pulmonary disease and hypothyroidism. This
is presented in Table 5. Multivariate regression analysis

among the above-mentioned factors confirmed significant
relationships between the duration of the operation and

20 waist circumference (p < 0.0001), body mass (p < 0.0001),
18 chronic obstructive pulmonary disease (p = 0.001), BMI
16 (p = 0.0002), intertrochanteric distance (p = 0.01) and
£ :‘2‘ hypothyroidism (p = 0.02).
E1o
5 . The duration of hospitalisation
'q'é 6 The mean duration of hospitalisation was significantly
z, longer in patients with BMI value = 30 kg/m? compared to
2 those with BMI value < 30 kg/m? (12.4 + 3.4 vs. 10 £ 2.3 days,
0025 25-30 30-35  35-40 >4 p=0.0009; Tab. 3). The duration of hospitalisation correlated
BMI [kg/m2]

significantly positively with body mass, BMI, waist circumfer-
ence, hip circumference, WHR, , intertrochanteric distance,
interspinous distance, intercristal dimension, external con-

Figure 1. Patient distribution according to body mass index (BMI)
value; BMI — body mass index

Table 2. Clinical stages according to International Federation of Gynaecology and Obstetrics (FIGO) 2008 — comparison of the number of patients
in each stage of cervical cancer depending on the presence of obesity (Chi square test)

A 34 (51.4) 15 (40.6) 19 (57.4) 0.15
B 16 (22.8) 8(21.6) 9(27.2) 0.58
Stage Il 11(14.3) 5(13.5) 5(15.4) 0.84
Stage Ill

A 5(7.1) 5(13.5) 0 -

B 1(1.4) 127) 0 -
(@ 1(1.4) 1(2.7) 0 -
(@) 0 0 0 -
Stage IV

A 0 0 0 =

B 2(2.8) 2(54) 0 -

BMI — body mass index

Table 3. Comparison of selected indices in obese and non-obese patients

Age, years 613+104 63319 59.1£11.5 0.09
Intertrochromatic dimension, cm 35321 36.2+2 342+18 <0.0001
Intersubular dimension, cm 269+2 276+2.1 262+1.7 0.0006
Intercristal distance, cm 323+3 33.7+25 30.7 +2.7 <0.0001
External conjugate, cm 222+15 228+1.4 215+14 0.0002
Duration of operation, minutes 86 +20.4 949+21.6 76.1£13.5 < 0.0001
Duration of hospitalisation, days 11.3+3.1 124+34 10+23 0.0009
Loss of haemoglobin, g/dL 22+09 25£09 19038 0.004

BMI — body mass index
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jugate, prior abdominal surgery, clinical stages according
to FIGO classification and histopatological grading. This
is presented in Table 4. Univariate regression analysis also
revealed significant relationships between the duration
of hospitalisation and body mass, BMI, waist circumfer-
ence, hip circumference, WHR, intertrochanteric distance,
interspinous distance, external conjugate prior abdominal

surgery, hypertension, diabetes, chronic obstructive pul-
monary disease, hypothyroidism and heart failure. This is
presented inTable 5. Multivariate regression analysis among
the above-mentioned factors confirmed that the duration
of hospitalisation was significantly associated with waist
circumference, hip circumference, prior abdominal surgery
hypothyroidism and BMI.

Table 4. Significant correlations between selected indices and haemoglobin loss during operation, duration of operation and hospitalisation

A Hb before and two days
Predictors after operation [g/dL]

R coefficient p value
Weight, kg 0.54 <0.0001
Body-mass index, kg/m? 0.55 <0.0001
Waist circumference, cm 0.57 < 0.0001
Hip circumference, cm 0.46 < 0.0001
Waist-hip ratio 0.42 0.0003
Intertrochromatic dimension, cm 033 0.004
Intersubular dimension, cm - -
Intercristal distance, cm 043 0.0002
External conjugate, cm 0.48 < 0.0001
Prior abdominal surgery 0.42 0.0003
Number of births = -
Clinical stages, FIGO 0.29 0.01

Histopathology, grading - -

e e T i Duration of hospitalisation

[days]
R coefficient p value R coefficient p value
0.59 <0.0001 0.48 <0.0001
0.57 <0.0001 0.48 <0.0001
0.7 < 0.0001 0.59 < 0.0001
0.57 < 0.0001 0.43 0.0002
0.36 0.002 0.35 0.003
0.45 0.001 0.25 0.03
0.36 0.002 0.31 0.008
0.39 0.0007 0.25 0.03
0.28 0.02 033 0.004
0.29 0.014 0.41 0.0005
-0.28 0.017 - -
= = 0.24 0.04
- — 0.25 0.04

A Hb — the difference in the serum concentration before surgery and on the second day after surgery

Table 5. Predictors of blood loss, duration of operation and hospitalisation assessed by univariate regression analysis

A Hb before and two days after

Predictors operation [g/dL]

B (95% Cl) p value
Weight, kg 0.018 (0.008-0.028  0.00006
Body-mass index, kg/m? 0.043 (0.018-0.068)  0.001
Waist circumference, cm 0.02 (0.01-0.031) 0.0002
Hip circumference, cm 0.018 (0.005-0.032)  0.005
Waist-hip ratio 4.123 (1.605-6.64) 0.002
Intertrochromatic dimension,cm - -
Intersubular dimension, cm - -
Intercristal distance, cm 0.082 (0.013-0.151)  0.02
External conjugate, cm 0.273 (0.15-0.396) < 0.0001
Prior abdominal surgery 0.361(0.109-0.614)  0.006
Hypertension 0.246 (0.041-0.451)  0.019

Diabetes mellitus
COPD
Hypothyroidism

Heart failure

Duration of operation Duration of hospitalisation
[min.] [days]

B (95% Cl) p value B (95% Cl) p value
0.641(0.439-0.842) < 0.0001 0.081(0.048-0.115) < 0.0001
1.554 (1.061-2.048) < 0.0001 0.205 (0.124-0.286)  0.0009
0.759 (0.564-0.955) < 0.0001 0.102 (0.069-0.135) < 0.0001
0.681(0.408-0.954) < 0.0001 0.082(0.037-0.126)  0.0005
102.39(45.27-159.5)  0.0006 15.55 (6.784-24.33)  0.0007
3.929(1.833-6.024)  0.0004 0.424 (0.086-0.761)  0.014

= = 0.397 (0.042-0.753)  0.028
2.341 (0.793-3.89) 0.004 — —

- - 0.534 (0.059-1.009)  0.028
7.016(1.128-12.904) 0.02 1.461(0.615-2.306)  0.001
7.857(3.328-12.38)  0.0009 1.033(0.322-1.743)  0.005
4.955(0.192-9.718)  0.04 1.059 (0.351-1.767)  0.004
8.647 (1.23-16.063)  0.023 1.258 (0.116-2.399)  0.031
11.86(5.475-18.257)  0.0004 1.708 (0.716-2.7) 0.001

- - 1.684 (0.282-3.086)  0.02

A Hb — the difference in the serum concentration before surgery and on the second day after surgery; 8 — coefficient beta; Cl — confidence interval; COPD — chronic

obstructive pulmonary disease
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Procedure-related haemoglobin loss

The mean haemoglobin loss during periproce-
dural time was significantly higher in patients with BMI
value > 30 kg/m? compared to patients with BMI val-
ue <30kg/m?(2.5+0.9vs. 1.9 +£0.8 g/dL, p = 0.004; Tab. 3).
The degree of haemoglobin loss at the periprocedural time
correlated significantly and positively with body mass, BMI,
waist circumference, hip circumference, WHR, intertrochan-
tericdistance, intercristal distance, external conjugate, prior
abdominal surgery and clinical stages according to FIGO
classification. This is presented in Table 4. Univariate regres-
sion analysis revealed significant relationships between
periprocedural degree of haemoglobin loss and body mass,
BMI, waist circumference, hip circumference, WHR, intercris-
tal distance, external conjugate, prior abdominal surgery
and hypertension. This is presented in Table 5. Multivariate
regression analysis among the above-mentioned factors
confirmed a significant relationship between the degree
of haemoglobin loss during periprocedural time and ex-
ternal conjugate (p = 0.0002) and prior abdominal surgery
(p=0.001).

Anatomical parameters

Anatomical indices were significantly higher in pa-
tients with BMI value > 30 kg/m? compared to patients
with BMI < 30 kg/m?, and they included intertrochanteric
distance (36.2 £ 2vs.34.2+ 1.8cm, p <0.0001), interspinous
distance (27.6 £2.1vs.26.2 = 1.7 cm, p = 0.0006), intercristal
distance (33.7 £ 2.5vs.30.7 £2.7 cm, p < 0.0001) and external
conjugate (22.8 £ 1.4 vs. 21.5 £ 1.4 cm, p = 0.0002). This is
presented in Table 3.

Procedure-related complications
There were 5 perioperative complications: infection
of the postoperative wound with impaired healing in
2 patients, intraoperative bladder injury in one patient,
gastrointestinal obstruction in 1 case and intraoperative
bleeding with the need to ligate the internal iliac artery in
another patient. On average, patients with procedure-re-
lated complications showed higher obesity parameters:
BMI (38 vs. 31.7 kg/m?, p = 0.88) and waist circumference
(119.6 vs. 103.7 cm, p = 0.54), compared to patients who
had no procedure-related complications, however, those
differences did not reach statistical significance.

DISCUSSION
The main findings of the current study are that patients
with the mean BMI value > 30 kg/m? demonstrated longer
duration of hospitalisation and operation, as well as greater
haemoglobin loss during the periprocedural period. The
second observation worth mentioning is that patients with
obesity were diagnosed with endometrial cancer at more

advanced stages according to the FIGO classification be-
fore the surgical treatment in comparison to non-obese
patients. Thirdly, among predictors of the longer duration
of operation we confirmed greater BMI, greater waist cir-
cumference and body mass. While among predictors of the
duration of hospitalisation there were greater waist and hip
circumference and greater BMI value. The external conjugate
and intertrochanteric dimensions were found to be predic-
tors of greater haemoglobin loss related to the procedure.
The strongest correlation for the duration of operation,
hospitalisation and haemoglobin loss was noticed for waist
circumference. Moreover, patients with procedure-related
complications were characterised by greater BMI value
and waist circumference. The percentage distribution of
obesity parameters showed that a significant percentage
of patients with normal BMI presented abdominal obesity
in the study group according to IDF criteria. Similar results
were obtained in a study on the prevalence of metabolic
syndrome in the population of the Tarnawa Dolna com-
mune (70% of patients with abdominal obesity) [12]. The
results of the study in the population of women treated for
endometrial cancer show a higher incidence of this type of
obesity than in the general population (> 90%). Most often,
the patients’operations were diagnosed at stage | according
to the FIGO classification. The average duration of surgery
in the study group operated on for endometrial cancer is
comparable to the results obtained at other centres [13, 14].
This study, however, used other parameters of blood loss
(blood volume), and the average length of stay in hospital
was much shorter. The effect of visceral obesity on the re-
sults of surgical treatment has not been studied. However,
the influence of obesity measured by the BMI parameter on
the duration of surgery and blood loss was demonstrated,
which was also confirmed in the presented study for both
the BMI parameter and waist circumference. In the current
study, the greater waist circumference value is related to
longer duration of the operation and hospitalisation, and
among other natural explanations of that relationship are
greater extent, incision and more complicated surgical pro-
cedure in obese compared to non-obese patients. This also
definitely reflects directly greater haemoglobin loss during
the procedure and remains in close relation to the more
advanced disease in this particular group of patients. Inter-
esting data were presented by Kerimoglu et al. [15]. Their
study evaluated the effect of the percentage of body fat on
surgical outcomes in women with endometrial cancer. In
the group patients with an elevated % of body fat, a longer
mean operation time was noted than in those with a % of
body fat less than 32% (138.2 + 27.1 vs. 119.3 + 34.8 min,
p =0.043). Nonetheless, there were no differences between
patient groups regarding rates of intraoperative complica-
tions, mean duration of hospital stay and postoperative
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complications [15]. However, in a cohort of 192 patients
with differing BMI, Jan et al. showed that surgical operative
time and mean length of hospitalisation in days were not
significantly different among the 4 groups. In the obese
group, there was significantly higher perioperative blood
loss (p = 0.01), more wound abscess (p = 0.05) and more
reinterventions for complications (p = 0.03) [16]. The in-
cidence of postoperative complications in developed
countries is estimated at 3-22% after surgical operations
[11,13,15,17]. Postoperative complications can be divided
into early and late. The most common early complications
in surgical gynaecology are: bleeding, bladder damage,
ureters, intestinal perforation. The most frequent postop-
erative complications include infections, wound healing
disorders, thromboembolic complications, cardiovascular
complications, respiratory failure, gastrointestinal obstruc-
tion, renal failure, urination disorders, urogenital fistulas,
intestinal fistulas. Co-morbidity of obesity and endome-
trial cancer may be associated with the increased rate of
procedure-related complications. It has long been assumed
that obesity can hinder the course of surgery. Some studies
have shown that obesity is an obstacle to cancer staging
in endometrial cancer [13], breast cancer [18] and gastric
cancer [19]. Arecent study identified EC patients with a body
mass index (BMI) of > 40 kg/m? at increased risk of develop-
ing surgical complications compared to their non-obese
counterparts [20]. However, among 514 women with en-
dometrial cancer, Bouwman et al. noted that obese and
morbidly obese women experienced significantly more sur-
gical complications than non-obese women (p =0.010) [21].
This was confirmed in the present study.

In a prospective study conducted on a group of 233 pa-
tients operated on due to endometrial cancer, it was shown
that the BMI value significantly and positively correlates with
the duration of the surgery and the loss of haemoglobin
during the periprocedural period. However, no relationships
were found between obesity, the duration of hospitalisation
and the occurrence of postoperative complications [14].
However, a study conducted in Turkey suggests that obesity
in this group of patients does not significantly affect the
number of acquired lymph nodes, the duration of hospi-
talisation or the number of procedure-related complica-
tions. However, this study was conducted on a relatively
small group of 48 patients [22]. There are discrepancies in
the literature regarding the influence of obesity on the oc-
currence of post-operative complications such as: infections,
wound healing disorders, pulmonary embolism, and venous
thromboembolism. Some authors mention visceral obesity
as potentially crucial in understanding the real impact of
obesity on the incidence of postoperative complications
[22,23].On the basis of the conducted study, it could not be
unequivocally determined whether there is a relationship

between obesity and the occurrence of perioperative com-
plications. The comparative group of patients with complica-
tions (5 patients), despite clear differences in parameters,
did not demonstrate statistical significance. In the current
study, there is no consensus in the assessment of the rela-
tionship between obesity and specific postoperative com-
plications. Probably, chronic inflammation and metabolic
disturbances observed in abdominal obesity contribute
to postoperative complications such as: infections, wound
healing disorders, circulatory and respiratory disorders [14].
In our study the highest predictive value for analysed pa-
rameters in- hospital outcomes among patients with en-
dometrial cancer were BMI value and waist circumference.

CONCLUSIONS

Obesity predisposes to the later diagnosis of endome-
trial cancer at a more advanced stage, which may contribute
to worse treatment results both in terms of the effectiveness
of the procedure and mortality in the follow-up period.
Waist circumference seems to be the most sensitive marker,
indicating the possibility of extending the duration of the
procedure and hospitalization, which is also associated
with increased blood loss associated with the procedure.
Therefore, waist circumference could serve as a tool for
operational risk stratification. Further research will help
determine a more accurate relationship between obesity
and the occurrence of specific perioperative complications.

Limitations

This study can be referred to as a developmental study
because it was conducted on a small group of patients. Also
due to the relatively small group of patients studied, in the
analysis we conducted, we focused on assessing trends
and the relationship of individual indicators with treatment
results. However, we have not attempted to isolate cut-off
points for individual data above which the risk of losing large
amounts of hemoglobin increases significantly.
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ABSTRACT

Objectives: The more surgical effort and performing extensive upper abdominal surgery (UAS) are often required to ac-
complish the highest rates of optimally cytoreduction in patients with ovarian cancer. Nonetheless, the rate of complications
increases with extensive surgery. We have studied the upper abdominal surgery complications by Clavien-Dindo Classi-
fication (CDC) and analyzed parameters affecting post-operative severe complications classified through Clavien-Dindo.

Material and methods: A retrospective cohort of patients diagnosed with epithelial ovarian cancer from January 1st 2009 to
April 30th 2016 was evaluated. Patients who underwent at least one UAS procedure with or without optimal cytoreduction
for epithelial ovarian cancer (stage IlIC-1V or recurrent) were included. Postoperative complications were recorded accord-
ing to the Clavien-Dindo Classification.

Results: In total, 58 patients were included. There were 120 UAS procedures performed on the 58 patients. Diaphragm
peritonectomy was the most performed surgery (50%, 29/58), and then the other UAS procedures were liver surgery (39.7%,
23/58), cholecystectomy (24.1%, 14/58), splenic surgery (24.1%, 14/58), full-thickness diaphragm resection (22.4%, 13/58),
pancreatic surgery (19%, 11/58), resection of tumor from porta hepatis (17.2%, 10/58), celiac lymph node excision (8.6%,
5/58), partial gastrectomy (1.7%, 1/58), respectively. Thirteen patients (22.4%) had post-operative grade 3-5 complications
according to CDC within 30 days after surgery.

Conclusions:This current study demonstrated that the addition of extensive upper abdominal surgery procedures were not

associated with increased postoperative severe complications in patients with recurrent or advanced ovarian cancer. These
procedures are safe and feasible for patients in need and also can be performed with acceptable mortality and morbidity.

Key words: upper abdominal surgery; Clavien-Dindo; ovarian cancer; postoperative complication
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INTRODUCTION

Ovarian cancer is the second most common malignancy
of reproductive tract in women and epithelial ovarian cancer
(EOCQ) is the most fatal gynecologic cancer; the number of
new cases of ovarian cancer is 11.9 per 100,000 whereas
the number of deaths is 7.5 per 100,000 [1]. Despite the
devastating survival statistics compared to other gyneco-
logic cancers, there has been a decline in the mortality rate
of EOC. Death rates have been falling on average 2.2% each
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year between 2004-2013 and the 5-year survival rate has
an upward trend, increasing from 33.7% in 1977 to 46.2%
in 2008, although the majority of ovarian cancer patients
have metastasis to upper abdominal organs at diagnosis
and found to have stage lll or stage IV disease [1]. Progress
in life expectancy of ovarian cancer patients can mainly be
attributed to advances in cytoreductive surgery and imple-
mentation of platin based chemotherapy [2, 3].
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Major developments in medical treatment of EOC are:
introduction and combination of paclitaxel to platin based
chemotherapy in 1996 [4]; the emergence of intraperi-
toneal chemotherapy in 2006 [5]; and targeted chemo-
therapies and poly [adenosine diphosphate (ADP)] ribose
polymerase (PARP) inhibitors recently [6]. The evolution of
surgical treatment of EOC was towards more radical, exten-
sive procedures that consisted of radical oopherectomy,
pelvic peritonectomy, bowel resections and anastomo-
sis, and then upper abdominal procedures were added
to armory of gynecologic oncologists [7]. The concept
of optimal cytoreduction was changing and brought to
an end at maximal cytoreduction in order to improve
overall survival, despite the new medical treatment mo-
dalities [8]. There has been afierce debate over extensive
maximal debulking surgery versus neoadjuvant treatment.
However, many studies have shown that primary cytore-
ductive surgery (CRS) aiming no residual disease was the
most important modifiable prognostic factor affecting
survival [9-11]. A dedicated gynecologic oncology team
performing extensive upper abdominal surgery (UAS) such
as diaphragm stripping and/or resection, liver resection,
cholecystectomy, splenectomy, distal pancreatectomy,
resection of tumor from porta hepatis, celiac lymph node
excision and partial gastrectomy is required to accom-
plish the highest rates of optimally cytoreduction or com-
plete resection [11-13]. The comprehension of CRS and
the biology of a tumor was established by many reports
on the impact of CRS and upper abdominal surgery on
oncological outcomes. However, systematic evaluation
of complications of upper abdominal surgery is seldom
studied. Additionally, standardization is required for clas-
sification of surgical complications. There is no consensus
among gynecologic oncologist on how to report surgical
complications.

Clavien-Dindo Classification (CDC), mainly used by gen-
eral surgeons, has been proposed to rank a complication
in an objective, reliable and reproducible manner [14]. The
point of CDC is mainly on the therapeutic consequences
of a complication. Therefore, we have studied the upper
abdominal surgery complications by CDC and analyzed
parameters affecting post-operative severe complications
classified through Clavien-Dindo.

MATERIAL AND METHODS

We obtained Institutional Review Board approval (num-
ber:04/03/15:55) and then identified all patients with Inter-
national Federation of Gynecology and Obstetrics (FIGO)
stage IlIC and IV epithelial ovarian cancer or recurrent
epithelial ovarian cancer who underwent extensive upper
abdominal surgery at the Suleyman Demirel University Hos-
pital from January 1, 2009 thru April 30, 2016. The medical

records of all patients were retrospectively reviewed for the
following data: age, body mass index (BMI) American Society
of Anesthesiologist (ASA) score, Eastern Cooperative Oncol-
ogy Group (ECOG) performance status, FIGO stage, pre-
-operative albumin, serum cancer antigen (CA125), hemo-
globin levels, ascites, upper abdominal surgery procedures,
estimated blood loss, intraoperative blood transfusion,
duration of surgery, residual disease after surgery, length
of hospital stay, and finally post-operative complications
within 30 days and pathologic data.

We included patients who had undergone at least one
upper abdominal surgery procedure with or without opti-
mal cytoreduction for epithelial ovarian cancer (FIGO stages
IC-IV or recurrent). We excluded patients who had received
neoadjuvant chemotherapy or histologically confirmed
non-epithelial ovarian cancers, low malignant potential
tumors from the study.

These patients were classified according to residual
disease (RD); RD 0: no residual disease, RD 1-10: residual
disease 1-10 mm, and RD > 10: gross residual disease is
more than 10 mm. Extensive surgical procedures were
performed on the upper abdomen included diaphragm
peritonectomy, full-thickness diaphragm resection, liver
surgery (partial liver resection or segmental hepatectomy
or liver capsule metastasectomy), cholecystectomy, splenic
surgery (splenectomy or resection of tumor on the surface
of spleen without splenectomy), pancreatic surgery (distal
pancreatectomy or resection of tumor on the pancreatic
capsule), partial gastric resection, celiac lymph node exci-
sion, and resection of tumor from porta hepatis.

We recorded post-operative complications with the
Clavien-Dindo Classification. We accepted post-operative
complications or death associated with surgery if occuring
within 30 days after surgery. Complications were evalu-
ated in five categories depending on their severity in the
CDC (1: no treatment or simple medical treatment, and
5: death) (Tab. 1). We subdivided patients into two groups;
grade 1-2 complications as mild and grade 3-5 as a severe
group. We focused on those grades with serious clinical
outcomes. If patients had more than one complication, we
noted the highest grade complication in the analysis. Ad-
juvant chemotherapy was routinely administered within
6 weeks of the operation.

Mean, standard deviation, median lowest, highest,
frequency and ratio values were used in the descriptive
statistics of the data. The distribution of the variables was
measured by the Kolmogorov Simirnov Test. Mann-Whitney
U Test and Independent Sample T Test were used in the
analysis of quantitative data. The Chi-square test was used
to analyze qualitative data, and the Fisher test was used
when the chi-square test conditions were not met. SPSS
22.0 program was used in the analyzes.
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Table 1. Clavien-Dindo Classification of surgical complications

Grade Definition

Any deviation from the normal course without the need
for pharmacological treatment or surgical, endoscopic and
radiologic interventions. Allowed therapeutic regimens
are: drugs as antiemetics, antipyretics, analgetics, diuretics,
electrolytes and physiotherapy. This grade also includes
wound infections opened at the bedside

Grade |

Requiring pharmacological treatment with drugs other
Gradell  than such allowed for grade | complications. Blood
transfusions and total parenteral nutrition are also included

Grade lll  Requiring surgical, endoscopic or radiological intervention
A Intervention not under general anesthesia
1B Intervention under general anesthesia

Grade IV Life-threatening complication (including CNS
complications)* requiring IC/ICU management
IVA Single organ dysfunction (including dialysis)

IVB Multiorgan dysfunction
GradeV  Death of a patient

*Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding
transient ischemic attacks; CNS — central nervous system; IC — intermediate
care; ICU — intensive care unit

RESULTS

Fifty-eight patients with EOC who underwent upper
abdominal surgery at our institution were included in this
study between January 1, 2009 and April 30, 2016. All pa-
tients underwent cytoreductive surgery by exploratory
laparotomy. The demographic characteristics and surgical
outcomes were abstracted in Table 2.

The mean age was 62.2, mean BMI was 27.6 kg/m?,
mean ascites volume was 919.3 ml, mean preoperative
serum hemoglobin level was 12.4 g/dL, mean preopera-
tive serum albumin level was 3.6 g/dL, mean preopera-
tive serum CA125 was 799 u/mL, mean estimated blood
loss was 387.1 mL, mean operative time was 319.1 minutes
and mean post-operative hospital stay was 13.4 days. An
intra-operative blood transfusion was required in 33 pa-
tients (56.8%).

The most common ECOG performance status score was
0 (36.2%) and 65.5% of patients had an ASA class of 2. The
majority of patients had serous histology (87.9%) and grade
3 tumors (67.3%).

Thirty-two out of 58 patients (55.2%) had primary dis-
ease and 26 patients (44.8%) had recurrent disease. Ac-
cording to the results of cytoreductive surgery, no gross
residual disease after surgery was in 58.6% (n: 34/58, RD
0), gross residual disease < 10 mm in 12.1% (n: 7/58, RD
1-10mm), and gross residual disease > 10 mm in 29.3%
(n:17/58,RD > 10 mm). In patients who underwent debulk-
ing surgery was primary cytoreduction in 55.2% (32/58),
secondary cytoreduction in 31.1% (18/58), tertiary cytore-
ductionin 13.7% (8/58) of cases respectively. Twenty-seven

Table 2. Patient and clinical characteristics

Min-max Mean + SD/N-%
Age [years] 42.0-92.0 62.2+10.6
BMI [kg/m?] 18.0-34.4 27.6+4.1
[Pgr;e((;lgerative serum hemoglobin 92-15.4 124414
F’;glzerative serum albumin 16-48 36406
Preoperative serum CA125 [u/mL]  11.0-5005.0 799.0 + 1140.1
Ascites volume [mL] 0-7000.0 919.3 + 1490.1
Operative time [min] 140.0-570.0 319.1+116.9
Length of hospitalization [days] ~ 5.0-42.0 13.4+82

Estimated blood loss [mL] 100-1700.0 387.1+332.7

Intra-operative units of blood

transfused S
ECOG performance status

0 2136.2

1 1627.6

2 1220.7

3 9155
ASA score

1 352

2 3865.5

3 17293
Cytoreduction

Primary 32552

Secondary 1831.1

Tertiary 813.7
FIGO stage

liC 27 46.6

\ 58.6
Recurrent disease 26 44.8
Residual disease

RDO 3458.6

RD 1-10 mm 7121

RD > 10 mm 17293
Histology

Serous 5187.9

Endometrioid 352

Mucinous 1.7

Carcinosarcoma 3.5

Transitional 11.7
Tumor grade

1 7121

2 12206

3 39673

PO — postoperative; BMI — body mass index; ASA — American Society

of Anesthesiologist; ECOG — Eastern Cooperative Oncology Group; FIGO
— International Federation of Gynecology and Obstetrics; CA125 — cancer
antigen; RD — residual disease; SD — standard deviation

out of 32 patients (84.3%) who had primary disease was
stage llICand 5 patients (15.7%) were stage Vl according to
FIGO classification.

There were 120 UAS procedures performed on the
58 patients, and multiple procedures were performed in
many of patients. Diaphragm peritonectomy was the most
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performed surgery (50%, 29/58), and then the other UAS
procedures were liver surgery (39.7%, 23/58), (right pos-
terior bisegmentectomy (segment 6-7); 1/58, intraparen-
chymal tumor resections; 10/58, liver capsule metasta-
sectomy; 12/58), cholecystectomy (24.1%, 14/58), splenic
surgery (24.1%, 14/58) (splenectomy; 12/58, resection of
the tumor on the surface of spleen; 2/58), full-thickness
diaphragm resection (22.4%, 13/58), pancreatic surgery
(19%, 11/58) (distal pancreatectomy; 4/58, resection of
tumor on the pancreatic capsule; 7/58), resection of tu-
mor from porta hepatis (17.2%, 10/58), celiac lymph node
excision (8.6%, 5/58), partial gastrectomy (1.7%, 1/58),
respectively. Other surgical procedures implemented
to patients were hysterectomy, unilateral/bilateral sal-
pingo-oophorectomy, pelvic lymph node dissection,
para-aortic lymph node dissection, omentectomy, peri-
tonectomy, small bowel resection, large bowel resection,
ileostomy, appendectomy, cardiophrenic lymph node
dissection, VATS (video assisted thoracoscopic surgery),
IP (intraperitoneal) catheter, and HIPEC (hyperthermic
intraperitoneal chemotherapy) (Tab. 3).

Thirteen patients (22.4%) had post-operative grade
3-5 complications according to Clavien-Dindo Classification
within 30 days after surgery (Tab. 4). Ten patients (17.2%)
were reported as grade 3 complication, 1 patient (1.7%) was
reported as grade 4 complication, and 2 patients (3.5%) were
reported as grade 5 complication. Grade 3 complications
were treated surgical, endoscopic or radiological interven-
tion. Grade 4 complication was a life-threatening complica-
tion and treated at intensive care unit.

Two patients had grade 5 complications (mortalities)
within 30 days of surgery (3,5%). The first patient died
due to short bowel syndrome in the 28t post-operative
day; she was a 49-year-old patient with an ECOG per-
formance status of 2 who underwent multiple surgical
procedures (right diaphragm peritonectomy, splenectomy,
distal pancreatectomy, total colon resection, resection of
the small intestine segment after the 70t cm of the treitz
ligament, jejunostomy, HIPEC and RD 0 tertiary cytoreduc-
tion) for recurrent serous ovarian carcinoma. The second
patient died due to acute cardiopulmonary failure in the
5% post-operative day; she was an 87-year-old patient with
an ECOG performance status of 3 and cardiac failure who
underwent multiple surgical procedures (total abdomi-
nal hysterectomy with bilateral salpingo-oophorectomy,
splenectomy, cholecystectomy, distal pancreatectomy,
porta hepatis disease resection, total colectomy, ileos-
tomy and optimal cytoreduction) for a stage 4 serous
ovarian carcinoma. The patient’s status was stable until
the third postoperative day. On the third postoperative
day, respiratory arrest occurred suddenly. She was taken to
the intensive care unit and was connected to a ventilator

Table 3. Data of surgical procedures implemented to patients

Patients (N: 58)
n %
Upper abdominal surgery procedures (n: 120)
Diaphragm peritonectomy 29/58 50
Full-thickness diaphragm resection 13/58 22.4
Splenic surgery 14/58 24.1
Pancreatic surgery 11/58 19.0
Cholecystectomy 14/58 24.1
Partial gastrectomy 1/58 1.7
Liver Surgery 23/5839.7
Celiac lymph node resection 5/58 8.6
Porta Hepatis disease resection 10/58 17.2
Other procedures
Hysterectomy 34/58 58.6
Unilateral/bilateral salpingo-oophorectomy 34/58 58.6
Pelvic lymph node dissection 25/5843.1
Para-aortic lymph node dissection 24/5841.3
Omentectomy 39/58 67.2
Peritonectomy 29/58 50
Small bowel resection 13/58 22.4
Large bowel resection 21/58 36.2
lleostomy 2/5834
Colostomy 4/58 6.9
Anastomosis 19/58 32.7
Appendectomy 14/58 24.1
Cardiophrenic lymph node dissection 1/58 1.7
VATS 7/5812.1
IP catheter 5/58 8.6
HIPEC 5/588.6

VATS — video assisted thoracoscopic surgery; IP — intraperitoneal;
HIPEC — hyperthermic intraperitoneal chemotherapy

Table 4. Post-operative grade 3-5 complications according to

Clavien-Dindo Classification

Type of complication LB
(N: 58%)

Anastomotic insufficiency 2/583.5
Short bowel syndrome* 1/58 1.7
Pleural effusion 1/58 1.7
Pneumothorax 1/58 1.7
Pulmonary embolism 1/58 1.7
Postop bleeding 1/58 1.7
Acute cardiopulmonary failure* 1/581.7
Intra-abdominal abscess 1/58 1.7
Wound infection 2/583.5
Evisceration 2/58 3.5
Total complication 13/5822.4

*Postoperative 30-day mortality (3.5%); UAS — Upper Abdominal Surgery
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device and monitored. Her status worsened and she died
on postoperative day 5.

We analyzed the parameters for prediction of the major
postoperative complication and mortality after extensive
upper abdominal surgery. There was no statistical differ-
ence in age, BMI, ascites, preoperative serum hemoglobin
level, preoperative serum albumin level, preoperative serum
CA125 level, estimated blood loss, operative time, ECOG per-
formance status score, ASA score, FIGO stage and residual
disease between complicated and uncomplicated patients
(p > 0.05). Only the length of the post-operative hospital
stay was statistically significant between complicated and
uncomplicated patients (p < 0.05) (Tab. 5).

No statistical difference was found between the length
of the post-operative hospital stay and the types of upper
abdominal surgical procedures (p > 0.05) (Tab. 6).

There was also no statistical difference in upper abdomi-
nal surgery procedures between complicated and uncom-
plicated patients (p > 0.05). Only diaphragm peritonectomy
was statistically significant (p < 0.05) (Tab. 7).

DISCUSSION

The amount of residual tumors after surgery in patients
with advanced stage cancer is closely related to disease free
and overall survival [11]. Ovarian cancer tends to spread to the
upper abdominal anatomic sites and organs and therefore up-
perabdominal surgery has a key role to achieve the optimally
cytoreduction rate [15]. There are very few studies to indicate
the complication rate in patients with extensive upper ab-
dominal surgeries. Kuhn et al. [12] reported that the rate of
perioperative serious complication increased in patients with
advanced ovarian cancer who underwent UAS compared to
standard surgery for tumor debulking. Chi et al. demonstrated
that the rate of postoperative major complications in patients
underwent extensive UAS was 22% and the rate of postop-
erative mortality was 1.4%. This postoperative mortality and
morbidity rate was acceptable [16]. In a population-based
systematic review an average postoperative mortality after
primary cytoreductive surgery for advanced stage epithelial
ovarian cancer was reported as 2.5-3.7% [17]. In our study,
the mortality rate was 3.4% and was similar to the literature.

Table 5. Comparison of parameters between patients with or without severe complications

PO severe complication PO severe complication

no yes P
Mean + SD/n-% Min-Max Mean + SD/n-% Min-Max
Age [years] 61.5+10.2 42-92 64.5+12.1 45-87 0.355
BMI [kg/m?] 27.7+38 18-34 272450 21-34 0.532
Preoperative serum hemoglobin [g/dL] 124413 10-15 124418 9-15 0.881
Preoperative serum albumin [g/dL] 37+0.7 1.6-4.8 35+0.5 2.6-4.2 0.170
Preoperative serum CA125 [u/mL] 827.8+1190.5 11-5005 699.2 +981.4 22-3372 0.758
Ascites volume [mL] 815 + 1454 0-7000 1281+ 1617 0-4000 0.665
Operative time [min.] 3138+ 1184 140-570 337.7+ 1144 180-560 0.520
Length of hospitalization [days] 11.0+ 44 5-24 2194120 5-42 0.001
Estimated blood loss [mL] 353.3+282.7 100-1300 503.8 +462.1 100-1700 0.285
0 16 35.6% 538.5%
ECOG performance status 1 1431.1% 2154% 0.393
2 920.0% 323.1%
3 613.3% 323.1%
1 36.7% 00.0%
ASA score 29 64.4% 969.2% 0.896
3 13 28.9% 430.8%
3C 2248.9% 538.5%
FIGO Stage 4 24.4% 323.1% 0.600
Recurrent 2146.7% 538.5%
No Visible 27 60.0% 753.8%
Residual Disease 1-10 mm 36.7% 430.8% 0.210
> 10 mm 1533.3% 215.4%

T-test, Mann-Whitney U test, Chi-square test; PO — postoperative; BMI — body mass index; ASA — American Society of Anesthesiologist; ECOG — Eastern Cooperative
Oncology Group; FIGO — International Federation of Gynecology and Obstetrics; CA125 — cancer antigen; SD — standard deviation
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Table 6. Comparison of length of hospital stay and types of surgical procedures

Diaphragm Resection No
Yes

Diaphragm Peritonectomy No
Yes

Splenic Surgery No
Yes

Cholecystectomy No
Yes

Gastric Surgery No
Yes

Pancreatic Surgery No
Yes

Liver Surgery No
Yes

Porta Hepatis Disease Resection No
Yes

Celiac Lymph Node Resection No
Yes

Mann-Whitney U test

Table 7. Comparison of postoperative severe complications and

types of surgical procedures

PO severe PO severe
complication complication
no yes p
n% n %
Diaphragm Resection 11244 2154 0.490
Diaphragm 19422 10769 0.028
Peritonectomy
Splenic Surgery 920.0 5385 0.171
Cholecystectomy 1226.7 2154 0.402
Gastric Surgery 00.0 17.7 0.224
Pancreatic Surgery 715.6 4308 0.118
Liver Surgery 16 35.6 753.8 0.235
Porta Hepatls Disease 6133 4308 0143
Resection
Celiac Lymph Node 489 17.7 1.000
Resection

PO — postoperative, x? chi-square test (Fisher exact test)

In a previous study, the rate of postoperative major
complications (grade 3-5) was reported as 19.8% in pa-
tients underwent UAS [18]. In our study, the rate of severe
postoperative complications (grade 3-5) was 22.4% and
was compatible with this study.

In recent studies, liver surgery, splenectomy, pancreatic
surgery, cholecystectomy, celiac lymphadenectomy and
resection tumor from porta hepatis were reported as strong
predictive factors for postoperative severe complications

Length of Hospital Stay

Min-Max Median Mean + SD p
30 12 2i7s 0
S | 08142 oo
somo Bries 08
o0 1 Dorsy 0%
if, 5‘3;20 ;; ;:(2) : ?'0 0.142
oo 13 lo1iss 016
soa20 12 lrves 08
soso D Daise 0%
sotso Dales 089

during cytoreductive surgery for advanced ovarian cancer
[19-22]. We did not find any correlation between these
procedures and postoperative severe complications. In our
study, only diaphragm peritonectomy was associated with
postoperative severe complications.

In the literature, the incidence of postoperative pleural
effusion after diaphragmatic surgery as part of ovarian can-
cer debulking surgery ranged from 10% to 59% [23-26].
There is no consensus about use of a chest tube when the
pleural space is opened during diaphragm surgery. Some
authors do not recommend prophylactic use of a chest tube
during diaphragm resection [18, 24-28], on the contrary,
some authors routinely recommend chest tube placement
[29-32]. Eisenhauer et al. [24] reported that the postopera-
tive pleural effusion developed in 60% of the patients who
underwent diaphragm surgery for advanced mullerian can-
cerand 15% of these patients required a postoperative chest
tube placement or thoracentesis. In another study, the rate
of postoperative pleural effusion following diaphragmatic
peritonectomy with ovarian carcinoma was 30%, and 12.5%
of these patients were treated with thoracentesis or chest
tube placement to manage symptomatic pleural effusions
[25]. In these two studies, routine use of chest tubes were
not recommended when the pleural space is opened. In con-
trast, Chereau and colleagues did not place a chest tube in
patients whose pleural cavity was opened during diaphragm
surgery with stage lll/IV ovarian cancer (38%) and the rate
of postoperative chest tube placement was 27%. Therefore,
at the end of this study period, they decided to consist-

562 www. journals.viamedica.pl/ginekologia_polska



Yakup Yalcin et al, The parameters to estimate postoperative severe complications classified through Clavien-Dindo after upper abdominal surgery

ently place a chest tube [31]. Einenkel et al. [32] reported
a high rate of postoperative chest tube placement (18%) and
recommended use of chest tubes during diaphragm resec-
tion. In our study, we routinely placed a chest tube during
diaphragm resection (22.4%) and necessity postoperative
chest tube was 0% after diaphragm resection. We placed
postoperative chest tubes because of symptomatic pleural
effusion and pneumothoraxin only 2 patients (3.4%) whose
were not performed diaphragm surgery.

Langstraat et al. [33] showed that low albumin level,
emergent surgery, advanced age and stage |V disease
were associated with poor surgical outcomes in multivari-
ate analysis. Besides, they observed that increased surgical
complexity did not increase the risk of postoperative major
complications. In light of this information, extensive surgery
should not be avoided in patients who require complex
surgeries.

There are some scoring systems to predict postoperative
complications. However, these scoring systems are neglect-
ed if you can completely remove the tumor in patients with
advanced stage cancer [34]. Because, the maximal cytore-
ductive surgery is the most important prognostic factor for
overall survival in patients with advanced ovarian cancer.

Ataseven et al. [35] reported that preoperative serum
albumin level was a predictive factor for severe postopera-
tive complications (grade 3-5). However, in another study
preoperative serum, albumin levels were not associated
with severe postoperative complications [16]. We didn’t
observed any significant relationship between serum al-
bumin levels in patients with and without postoperative
severe complications.

Chi et al. analyzed predictive factors for the risk of severe
postoperative complications in patients underwent UAS. Pa-
rameters such as BMI, age, ASA score, FIGO stage, and pre-
operative CA-125 levels were found unrelated. However,
ascites volume, estimated blood loss and operative time
were reported as predictive factors [16]. In a recent study,
BMI was reported as an independent risk factor for severe
postoperative complications and mortality in patients un-
derwent primary surgical debulking for ovarian cancer [35].
However, we did not find a correlation between these predictive
factors and severe postoperative complications in our study.

Benedetti Panici et al.[18] showed that the types of sur-
gical procedures (diaphragmatic, pancreatic, gastric resec-
tion and splenectomy) were significantly related to a longer
postoperative stay. In our study, there was no correlation
between the types of upper abdominal surgery procedures
and the length of hospital stay. However, it was longer in
patients with severe complication, this result may be due
to longer treatment process.

In conclusion, this current study demonstrated that
the addition of extensive upper abdominal surgery pro-
cedures were not associated with increased postoperative
severe complications in patients with recurrent or advanced
ovarian cancer. These procedures are safe and feasible for
patients in need and also can be performed with acceptable
mortality and morbidity.
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ABSTRACT

Objectives: In our study, the role of fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography
(F-18 FDG PET/CT) in determining lymph node metastasis of endometrial cancer was evaluated.

Material and methods: The present retrospectively registered study included 80 patients with endometrial cancer who
underwent PET/CT in preoperative period. The patients underwent total hysterectomy with bilateral salpingo-oophorectomy
and lymph node dissection. Lymph node status was evaluated in histopathologic examination and PET/CT imaging and,
the results were compared.

Results: There were 80 patients (mean age 62 years) in the present study. Lymph node metastasis was detected in five pa-
tients, whereas 75 patients had no lymph node metastasis. A total of 1,471 lymph nodes were examined histopathologically,
revealing benign findings in 1,433 (pelvic= 1018, paraaortic =415) and malignant findings in 38 (pelvic = 28, paraaortic = 10)
lymph nodes. The accuracy, sensitivity and specificity of PET/CT in determining lymph node metastasis was 95%, 80% and
96% in patient-based evaluation, and 97.4%, 78.9% and 98.6% in lymph node-based evaluation, respectively. The detec-
tion sensitivity of PET/CT was 0%, 81.4% and 100% in metastatic lymph nodes with a short diameter of <4 mm, 5-9 mm
and = 10 mm, respectively. PET/CT could detect 73.3% of metastatic lymph nodes that had < 10 mm short diameter.

Conclusions: PET/CT is useful method in detecting lymph node metastasis especially that are disregarded by CT or MR in
endometrial cancer. Although PET/CT doesn't fully replace the surgical staging, its utilization in preoperative period may

guide surgical procedure.

Key words: FDG PET/CT; endometrial cancer; lymph node metastasis
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INTRODUCTION

The most common gynecological neoplasm in industri-
alized countries is endometrial cancer [1]. The International
Federation of Gynecology and Obstetrics (FIGO) recom-
mends total hysterectomy with bilateral salpingo-oophorec-
tomy and lymph node dissection for surgical staging of en-
dometrial cancer [2, 3]. Prognosis in such patients is affected
by numerous factors, such as tumor histology, grade, lymph
node metastasis, depth of myometrial invasion, cervical
invasion, lymphovascular invasion and patient’s age [4, 5].
Pelvic lymph nodes are a common site of involvement in
endometrial cancer, and patients with lymph node metas-
tasis have considerably lower survival than patients without
nodal metastasis [6, 7]. Randomized studies suggest that
a routine systematic pelvic lymphadenectomy may con-
tribute to surgical staging without any effect on survival
in early-stage endometrial cancer [8, 9]. In this regard, the
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major role of lymphadenectomy is to decide on adjuvant
therapy by contributing to the staging and the prediction of
prognosis in endometrial cancer [10]. Lymph node dissec-
tion may cause significant morbidity, and metastasis may
not be found in patients undergoing dissection [10]. Thus,
the accurate prediction of lymph node status in preoperative
period is important if futile lymph node dissection is to be
avoided [11]. Magnetic resonance (MR) and computed to-
mography (CT) may fail to determine lymph node metastasis
accurately [12, 13]. Fluorine-18 fluorodeoxyglucose positron
emission tomography/computed tomography (F-18 FDG
PET/CT) is a commonly used method for the diagnosis and
staging of numerous malignancies, and in evaluating re-
sponse to therapy, providing both functional and anatomi-
cal information. Itis suggested that functional changes that
are detectable on a PET/CT precede morphological changes
that can be detected using conventional CT and MR [14].
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Objectives
The authors of the present study assess the role of
F-18 FDG PET/CT in determining lymph node metastasis
of endometrial cancer.

MATERIAL AND METHODS
Patients
This retrospective study included 80 patients with a his-
topathological diagnosis of endometrial cancer who un-
derwent preoperative F-18 FDG PET/CT in our department
between February 2010 and March 2014.

Surgery

All patients underwent total hysterectomy with bilateral
salpingo-oophorectomy and pelvic lymphadenectomy (ex-
ternaliliac, superficial and deep commoniiliaclymph nodes).
There were positive lymph nodes in the pelvic and/or par-
aaortic areas on PET/CT scans in 7 patients. Furthermore,
there were 43 patients with suspected for paraaortic lymph
node metastasis during surgery. Therefore, these fifty pa-
tients underwent an additional paraaortic lymphadenecto-
mies (precaval and paracaval, superficial and deep interaor-
tocaval and paraaortic lymph nodes up to the renal vessels).
All lymph nodes were evaluated by intraoperative inspec-
tion and palpation. Palpable, enlarged or fixed lymph nodes
were regarded suspicious for malignancy. Furthermore,
frozen section of uterine resection was evaluated in terms of
tumor size, grade, histology and myometrial and cervical in-
vasion status. Patients with myometrial invasion < 50% and
without cervical invasion endometrioid cancer (grade 1 or
tumor diameter < 2 cm grade 2) were considered to be at low
risk for paraaortic lymph node metastasis, whereas others
high risk. Paraaortic lymphadenectomy was performed in
high-risk patients and those with suspicious lymph nodes
during the operation.

There was a patient who was suspected to have omental
metastasis during the operation, so she underwent omen-
tal resection. Although no metastasis was detected in fro-
zen sections of the omentum, microscopic metastasis was
found in the final histopathological evaluation. Since the
distant metastasis of the patient with stage 4B could not
be detected during the operation or preoperative PET/CT,
lymphadenectomy was performed.

Histopathologic Evaluation of Lymph Nodes

Uterus, bilateral adnexal tissues, lymph nodes and any
other resected tissues were analysed by experienced pa-
thologists.

Lymph nodes were fixed with 10% formalin and then
embedded in paraffin. Paraffin blocks were sliced and pro-
cessed.Tissue sections were firstly stained with hematoxylin
and eosin (H&E). If metastasis was detected in this proce-

dure, no further histological examination was performed. If
the serial H&E sections were negative, immunohistochemi-
cal (IHC) methods were performed. PAN-cytokeratin was
used for IHC evaluation. Histopathologically, the lymph
nodes were defined as benign and malignant.

F-18 FDG PET/CT

PHILIPS GEMINITF 16 Slice PET/CT scan was used for im-
aging. Patients with a blood glucose level below 200 mg/dL
following an at least 6 hours of fasting received an intra-
venous 8-11 mCi FDG injection. The urinary bladder was
evacuated approximately 60 minutes after the injection, and
the body area from the vertex of the skull to the upper femur
was scanned. CT images were captured initially (140 kV,
100 mAs, 5 mm slice) followed by PET scans. PET scanning
was performed at 9-10 bed positions depending on the
height of the patient, each bed position lasting 90 seconds.

The blood pool activity was taken into consideration
while evaluating the FDG uptake by the lymph nodes on
PET/CT. Regardless of the lesion size, a lymph node show-
ing a FDG uptake equal to or below the blood pool activ-
ity was considered negative for malignancy, and a FDG
uptake above this threshold was considered positive for
malignancy.

Data and Statistical Analyses

The histopathological examination results were consid-
ered as the reference standard in the evaluation of lymph
node metastasis. A histopathological examination of the
lymph nodes identified the lymph nodes as benign or ma-
lignant. The result of PET/CT was considered a true nega-
tive (TN) if it showed negative findings, and the result was
considered false positive (FP) if the PET/CT showed posi-
tive findings in a histopathologically benign lymph node.
The result of PET/CT was considered a true positive (TP)
if it showed positive findings, and the result was consid-
ered a false negative (FN) if it showed negative findings in
a histopathologically malignant lymph node. The accuracy,
sensitivity and specificity of PET/CT in determining lymph
node metastasis was calculated using a standard formula
on a patient and lymph node basis.

Sensitivity = TP/(TP + FN), Specificity = TN/(TN + FP),

Accuracy = (TP +TN)/(TP + FP + TN + FN)

RESULTS
Patients and Histopathologic Findings
The study included 80 patients who had endometrial
cancer with a mean age of 62 + 5.4 years (range 37-80).
All patients underwent a pelvic lymphadenectomy, while
50 patients underwent an additional paraaortic lymphad-
enectomy. Lymph node metastasis was detected in five pa-
tients, whereas 75 patients had no lymph node metastasis.
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Of the patients with lymph node metastasis, one had
endometroid and 4 had nonendometroid (mixed = 2, se-
rous = 1, undifferentiated = 1) histology. The tumor grade
was 2 in 1 patient and 3 in 4 patients. According to FIGO
2009 staging, 2 of the patients were in stage 3C1, 2 of them
were in stage 3C2, 1 of them was in stage 4B.

In patients without lymph node metastasis the histo-
logic types were endometrioid carcinoma (n = 47), adeno-
carcinoma with squamous differentiation (n = 10), squa-
mous carcinoma (n = 8), undifferentiated carcinoma (n =6),
serous carcinoma (n = 2), clear cell carcinoma (n = 1) and
mucinous carcinoma (n=1). 22 cases were grade 1, 32 cases
were grade 2 and 21 cases were grade 3. Of the 75 patients,
40 were stage 1A, 12 were stage 1B, 10 were stage 2, 5 were
stage 3A and 8 were stage 3B.

When evaluated on an lymph node baisis, of the total
1,471 lymph nodes, 1,046 were found in the pelvic area and
425 in the paraaortic area in a histopathological examination.
Of these lymph nodes, 1,433 (pelvic lymph node = 1018, par-
aaortic lymph node = 415) were benign and 38 (pelvic lymph
node = 28, paraaortic lymph node = 10) were malignant (Tab. 1).

Lymph Node Findings on PET/CT

Lymph node metastasis was detected in five out of
80 patients, whereas 75 patients had no lymph node me-
tastasis. When evaluated on a patient basis, PET/CT was
negative in 72 (TN) and positive (FP) in three of the 75 pa-
tients with a benign lymph node. PET/CT was positive in four
(TP) and negative (FN) in one out of the five patients with
at least one malignant lymph node on a histopathological
examination. The results are presented in Table 2. When
evaluated on a patient basis, the accuracy, sensitivity and
specificity of PET/CT in detecting lymph node metastasis
was 95%, 80% and, 96% respectively.

Table 1. Histopathologically evaluated lymph nodes

Benign Malign Total
Pelvic lymph node 1018 28 1046
Paraaortic lymph node 415 10 425
Total 1433 38 1471

Results are shown as number

Table 2. Correlation of PET/CT results with pathologic findings on

the basis of patient

PET/CT positive PET/CT negative Total

Pathology positive 4 1 5
Pathology negative 3 72 75
Total 7 73 80

Results are shown as number

Table 3. Correlation of PET/CT results with pathologic findings on

the basis of lymph node

PET/CT  PET/CT

positive  negative et
Pelviclymph  Pathology positive 22 6 28
node pathology negative 11 1007 1018
Paraaortic pathology positive 8 2 10
lymphnode  pathology negative 9 406 415
Total 50 1421 1471

Results are shown as number

When evaluated on an lymph node basis, PET/CT was
positive in 20 (FP) and negative in 1,413 (TN) out of the
1,433 lymph nodes that qualified histopathologically as
benign. PET/CT was positive in 30 (TP) and negative in eight
(FN) of the 38 lymph nodes that qualified as malignant upon
a histopathological examination. The results are presented
in Table 3. When evaluated on an lymph node basis, the
accuracy, sensitivity and specificity of PET/CT in detect-
ing lymph node metastasis was 97.4%, 78.9% and 98.6%,
respectively. Sample lymph node findings of PET/CT that
were evaluated based on histopathological results are pre-
sented in Figure 1.

When 38 metastatic lymph nodes are grouped accord-
ing to their short diameters; 3 of them were <4 mm, 27 were
5-9 mm, and 8 were = 10 mm. PET/CT could not detect any
metastatic lymph nodes with a short diameter of < 4 mm,
while it was true positive in 22 of those with a short diameter
of 5-9 mm and in all of those with > 10 mm. Thus, PET/CT
was able to detect 22 of 30 metastatic lymph nodes with
a short diameter of less than 10 mm (73.3%). The detection
sensitivity of PET/CT was 0% (0/3), 81.4% (22/27) and 100%
in metastatic lymph nodes with a short diameter of <4 mm,
5-9 mm and = 10 mm, respectively.

DISCUSSION

Detecting the presence of lymph node metastasis in
endometrial cancer is important in treatment decisions,
as well as in predicting prognosis. However, only 20-25%
of high-risk patients show nodal metastasis and up to 80%
of patients undergo a futile systematic lymphadenec-
tomy [15]. Furthermore, it has been demonstrated that
a routine systematic lymphadenectomy offers no survival
benefitin early-stage endometrial cancer [8, 9]. Lymph node
dissection is currently considered the optimum method
in determining the status of lymph nodes in endometrial
cancer [11], although there are ongoing efforts to identify
a preoperative, predictive non-invasive method. Determin-
ing the status of lymph nodes preoperatively avoids futile
lymph node dissection, thereby decreasing morbidity and
reducing costs. CT and MR are commonly used methods in
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Figure 1. (A-D): Axial PET, CT, and fusion images of the lymph nodes evaluated as true negative (A, arrow), false negative (B, arrow), true positive
(C, arrow), and false positive (D, arrow) on PET/CT are presented.; A. No lymph nodes with increased FDG uptake were observed in the pelvic or
paraaortic regions on the PET/CT of a 44-year-old patient. No metastasis was determined upon a histopathological examination of the patient’s 52
lymph nodes (44 pelvic and 8 paraaortic). The PET/CT result was a true negative for all 52 lymph nodes; B. No increased FDG uptake was observed
in the lymph nodes seen in the pelvic and paraaortic regions in the PET/CT of a 74-year-old patient. A total of 28 lymph nodes were dissected from
the pelvic (n: 21) and paraaortic (n: 7) regions in the case, in which metastasis was suspected intraoperatively. Metastasis was determined in the five
lymph nodes in the right external and internal iliac regions, while other lymph nodes were determined to be benign. The PET/CT was false negative
in those five lymph nodes and true negative in the other 23 lymph nodes; C. An increased FDG uptake was noted in one lymph node in the paraaortic
region and in three lymph nodes in the pelvic region in a PET/CT of a 49-year-old patient. Metastasis was determined positive in the four lymph nodes
histopathologically, and hence PET/CT findings were evaluated to be true positive; D. An increased FDG uptake was noted in three lymph nodes in
the paraaortic region and in three lymph nodes in the pelvic region on a PET/CT. No metastasis was determined to be positive histopathologically in
the total number of 30 lymph nodes (22 pelvic, 8 paraaortic) in this case. The PET/CT findings were considered false positive in six lymph nodes and

true negative in the remaining 24 lymph nodes

the preoperative evaluation of patients with endometrial
cancer. However, these conventional methods are predi-
cated on the size of the lymph nodes in the evaluation and
a short diameter of > 10 mm is the most accepted criterion
for the identification of suspected lymph nodes. On this
point, itis inevitable that < 10 mm short diameter metastatic
lymph nodes are underestimated by CT or MR. However,
FDG PET/CT provides functional data while also identifying
morphological changes, suggesting that it may be superior
to anatomical visualization alone in the evaluation of the
status of lymph nodes [14]. In the present study, there were
30 metastatic lymph nodes with < 10 mm short diameter.
PET/CT was able to detect 22 of them (73.3%) and so had

a great value in the detection of subcentimeter metastatic
lymph nodes which have been disregarded by CT and MR.
CT and MR are asserted to have a sensitivity of 29-66%
and a specificity of 73-99% in various studies [12, 16, 17].
A study involving 287 patients with endometrial cancer
found that PET/CT was more sensitive than MR in detect-
ing lymph node metastasis in a patient-based evaluation
(70% vs. 34%), although specificity rates were similar (95.4%
vs.95%). The sensitivity and specificity of PET/CT were found
to be 79.4% and 96.7% in an lymph node-based evaluation,
with MR showing rates of 51.6% and 97.6%, respectively
[18]. In a meta-analysis of 13 patient-based studies involv-
ing a total of 861 patients with endometrial cancer, the
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pooled specificity of FDG PET/CT in detecting lymph node
metastasis was 94% (93-96%) and the pooled sensitivity was
72% (63-80%) [14]. In another meta analysis of seven studies
(243 patients with endometrial cancer), the pooled specific-
ity and sensitivity of PET or PET/CT in detecting lymph node
metastasis was 94.7% (90.4-97.4%) and 63% (48.7-75.7%),
respectively [19].In a study by Crivellaro et al. [15] involving
76 high-risk patients (serous/clear cell carcinoma, grade
2 with deep myometrial invasion, grade 3) with clinical
stage 1 endometrial cancer, the accuracy, sensitivity and
specificity of PET/CT in detecting lymph node metastasis
were 94.7%, 78.6% and 98.4% in a patient-based evalua-
tion, and 95.8%, 67.6% and 98.2% in an lymph node-based
evaluation, respectively. In a study involving 40 patients
with stage 1A-C endometrial cancer, the accuracy, sensi-
tivity and specificity of PET/CT in detecting lymph node
metastasis were found to be 97.8%, 53.3% and 99.6% in
a lymph node-based evaluation, respectively. When the
lymph nodes were grouped according to their diameters,
sensitivity was 16.7%, 66.7% and 93.3% in lesions measur-
ing <4mm, 5-9 mm and = 10 mm in diameter, respectively
[20]. In a study by Kitajima et al. [21] involving patients with
endometrial cancer and cervical cancer and using a similar
lymph node classification, sensitivity was 12.5%, 66.7% and
100%, respectively. Another study using FDG-PET detected
no lymph node metastasis smaller than 6 mm [22]. The
accuracy, sensitivity and specificity of PET/CT in detecting
lymph node metastasis in the present study were found to
be 95%, 80% and 96% in a patient-based evaluation, and
97.4%, 78.9% and 98.6% in an lymph node-based evalua-
tion. Also, the detection sensitivity of PET/CT was 0%, 81.4%
and 100% in metastatic lymph nodes with a short diameter
of <4mm, 5-9 mmand = 10 mm, respectively. PET/CT could
not detect any three metastatic nodes 4 mm or smaller. This
is probably because of the currently used PET/CT techniques
cannot detect micrometastatic diseases due to their low
spatial resolution. The specificity of PET/CT in the present
study was similar to literatiire results and, the sensitivity
was higher than some of those reported in literature. The
authors consider that lymph nodes evaluated in studies with
variable sizes and the inability to recognize small-size lymph
node metastasiss may result in different sensitivity rates
being reported in such studies. For example, in our study,
the rate of metastatic lymph nodes with a short diameter
of < 4 mm was 3/38 whereas in the study by Kitajima it
was 16/45. Furthermore, the selection of low- or high-risk
patients in some studies may have also affected the results.

CONCLUCIONS
The present study is limited by its retrospective design
and the relatively small number of patients with lymph
node metastasis. That said, PET/CT showed high sensitivity,

specificity and accuracy in the detection of lymph node
metastasis, and had a great value in the detection of sub-
centimeter ones. Therefore, PET/CT can direct the surgical
procedure even though it does not completely replace the
surgical staging.
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ABSTRACT

Objectives: Endometrial cancers (ECs) are the most common gynaecological cancers in well developed countries. Diabetes
and metabolic syndrome are among the biggest risk factors. Nesfatin-1, the adipokine derivative of NUCB2 (nucleobindin
derivative 2) is linked to the clinical course of EC. Molecular factors, including mutations in MLH1 and MHS2 genes, c-MET
and ARID1A are also related to prognosis in endometrial cancer.

Material and methods: Using sections of paraffin-embedded preparations and immunohistochemistry, the expression of
NESF1, MLH1, MSH2,c-MET and ARID1A were examined.

Results: In this study on protein expression, EC tissues manifested (although insignificantly) an elevated expression of
NESF-1 in type Il EC. In type | EC, NESF-1 expression was significantly higher in G1 in comparison to G2 and G3 together.
A significantly lower expression of MLH1 was demonstrated in type | EC.

Conclusions: The most pronounced expression involved c-MET in all EC1and EC Il tissues (in over 80% of cases). A tendency
was detected for a high expression of NESF-1 in patients with type Il EC, who also exhibited a high expression of MSH2.

Key words: endometrial cancer; NESF-1; MLH1; MSH2; c-MET; ARID1A
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INTRODUCTION

Endometrial cancer (EC) is the most commonly occur-
ring gynaecological malignancy in economically developed
countries. In Europe, the incidence rate amounts to 13.6 per
100.000 women. In many European countries an increased
incidence of this tumor has been noted since 2005 [1-3].
In over 90% of EC cases, the cancer develops after the age
of 50, with a median age of 63; in 10-15% it is diagnosed
before the age of 45 [2, 4].

Bokhman's hypothesis led to the identification of
two types of EC differing in etiology, biology and clinical
course [5].
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Type | EC (endometrioid adenocarcinoma) involves 80%
of all EC cases. In most cases it is sporadic and linked to
unbalanced estrogen stimulation and metabolic syndrome.
This EC type manifests slow clinical course and positive
prognosis. This type of cancer contains mutations in the
PTEN, KRAS, CTNNB1, P1K3CA genes and in mismatch repair
(MMR) genes, typical for Lynch syndrome [2, 6-8].

Type Il EC (non-endometrioid adenocarcinoma) histologi-
cally encompasses serous, clear cell, poorly differentiated
cancers of aggressive biology and an unfavorable clinical
course.They contain mutations in TP53, HER2-neu and BRCA
[2,9,10-12].
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Type | EC with a high histological grade (G3) manifests
asimilarly poor prognosis to uterine serous carcinoma (USC),
belonging to type Il [ 6, 3, 13, 14], some well-differentiated,
early diagnosed endometrioid EC gives recurrent disease,
which suggests that the traditional Bokman's division may
not be up to date.

Recent results have shown that more EC types exist. The
heterogeneity of ECs has been proven by genomic analysis of
endometrioid and serous cancers. The Cancer Genome Atlas
(TCGA) developed in 2013, indicates there are 4 types of ECs [15]:
— unique nucleotides spectrum ultra-mutated tumors

(POLE) — associated with favourable outcome,

— highly-mutated with microsatellite instability, mostly
with MLH1 promoter methylation,

— a group of low frequency of mutations with low gene
copy numbers,

— a group with high gene copy numbers and a low fre-
quency of mutations, mainly serous cancers, connected
to a poor prognosis.

It is suggested that the Genomic Atlas classification
(TGGA) should be linked to the histological classification of
ECs, particularly ECs of poor differentiation [16].

The acknowledged and recognized factors which affect the
clinical course and type of oncological treatment of ECinclude
the histological type, grading (G) and clinical stage of disease.
However, these traditional prognostic factors do not allow
for tailoring of treatment to individual patients which could
spare many side effects for over-treated women and reduce
the number of recurrences in under-treated patient groups.

Molecular studies also indicate the relationship between
EC clinical course and several molecular variables, such as:
condition of hormonal receptors (ER, PR), ARID1A and c-MET
linked to poor prognosis, metastases and mutations in MMR
genes detected in Lynch syndrome [17-21]. Recent published
studies indicated a relationship between Nesfatin-1 (NESF-1)
with its precursor, NUCB2-nucleobindin 2, and the clinical
course of EC [22, 23]. NESF-1 is associated with obesity and
diabetes type Il (main risk factors for EC) and participates in
the regulation of hunger and fat storage, it is associated with
insulin resistance and glucose homeostasis.

The aim of this study was to estimate the expression
of NESF-1, MLH1 and MLH2 belonging to MMR, c-MET and
ARID1A in two types of endometrial cancer and determine
relationships between the mentioned factors.

MATERIAL AND METHODS
This was a multi-centre, retrospective study. The investi-
gated material involved archival, histological preparations,
obtained from uterine endometrial cancer samples taken from
patients primarily treated surgically between 2007-2014.
All 146 patients included in this retrospective study were
monitored for the entire five to eight-year period from diag-

nosis of EC through the duration of their treatment and subse-
quent observation. In order to fulfil the selection criteria for the
study, patients must have been diagnosed at one of the centres
participating in the study. Only patients where information on
FIGO grading and histology were complete, who underwent
treatment for EC at the centre where they were originally di-
agnosed and then monitored for the stated study period by
practitioners at that specific centre were included in this study.

Out of a total of 146 patients, 38 (26%) patients were
diagnosed at stage |A according to FIGO, 36 patients (24.7%)
at stage IB, 37 patients (25.4%) at stage ll, 22 (15%) at stage
lIland 13 (8.9%) at stage IV.

In the studied group, 115 patients were diagnosed with
type | EC(78.8%), in 31 type Il EC (21.2%) was detected, this
included 18 serous types (12.3%), 11 clear cell types and
2 mucinous types (1.4%).

In 38 patients (25%), endometrial cancer manifested
a high histological maturity (G1), in 59 patients (38.8%) it
displayed an intermediate histological differentiation (G2)
while in 55 patients (36.2%) undifferentiated tumors were
identified (G3) (Tab. 1).

Table 1. Clinicopathologic characteristics of studied patients with

ometrial carcinoma
Clinical Staging acc. to FIGO Number of patients

Endometrioid adenocarcinoma (n = 115)

1A 33
IB 32
Il 27
1l 14
I\ 9
Serous adenocarcinoma G3 (n = 18)

1A 4
IB 3
Il 7
1l 4
Clear cell adenocarcinoma G3 (n = 11)

1A 1
IB 1

Il 2
I} 4
I\ 3
Mucinous adenocarcinoma (n = 2)

Il 1
I\ 1
Grading Number of patients
Endometrioid adenocarcinoma (n = 115)

G1 36
G2 56
G3 23
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The mean age of the entire patient group studied was
65.3;in women with endometrioid cancer the mean age was
64.7 (34-83) and in women with non-endometrioid cancer
it was 67.6 (40-83) (p > 0.05).

The tissue material was fixed in 10% buffered forma-
lin, pH 7.4 and placed in a processor. The neoplastic tissue
was embedded in paraffin at 60°C using standard histo-
pathological techniques. The paraffin blocks were sliced in
a microtome to 4-5 um thick sections, placed on adhesive
glass slides and left for one hour at a temperature of 60°C.
In the study, the immunohistochemical method — DAKO
Envision™ Flex+ (Dako system, Dako, Santa Clara, USA) was
applied. Antigens were detected in the paraffin sections
using the Target Retrieval Solution, high pH, DAKO in the
PT-link (Dako, Santa Clara, USA) at a temperature of 97°C,
for 20 min.

Nesfatin-1 was estimated using Nesfatin-1/Nucleobind-
ing-2 Antibody (Novus Biologicals, Littleton, USA, NBP1-
87383). In order to detect antigens present in the tissue
material antibodies were used against ARID1A (Novus
Biological, Littleton, USA, NBP1-88932), Met (Santa Cruz
Biotechnology, Santa Cruz, USA, clone C-12, MLH1 (Leica
NCL-L, Buffalo Grove, USA. Clone E-305), MSH2 (Invitrogen,
Carlsbad, USA, clone FE11).

The intensity of NESF-1, ARID1A, c-MET, MLH1,
MSH2 staining was estimated using a 4-degree scale:
no reaction
+ 1to 50 immunopositive cells (cell nuclei or the cytoplasm)
++ 50 to 75 immunopositive cells
+++ 75 to 100 immunopositive cells
per 10 visual fields.

A positive reaction was accepted in the case of prepara-
tions manifesting ++ or +++ staining.

Statistical calculations were made using the Mann-Whit-
ney, Kruskall-Wallis and Spearman'’s tests (STATISTICA Stat-
Soft Inc, USA). Statistical significance was concluded when
p was less than 0.05.

RESULTS
A high expression of NESF-1, MLH1, MSH2, c-MET and
ARID1A was detected, respectively, in 53.1%, 57.7%, 47.3%,
88.7% and 48.2% patients with endometrial cancer.
The immunohistochemical reaction with antibodies
against NESF-1 and c-MET was seen in the cytoplasm; MLH1,
MSH2 and ARID1A manifested nuclear localization.

Histopathological type

In respect to histopathological diagnosis the patients
formed two groups: endometrioid type (n = 115) and
non-endometrioid type (n = 31), which included patients
with serous, clear cell and mucinous cancers.

Positive expression of nesfatin was determined in
50.99% of patients with type EC | and in 61.3% of patients
with type Il EC. No significant difference was disclosed be-
tween the groups (p =0.410). MLH1 expression was statisti-
cally lower in type EClin comparison to type Il EC (51.9% vs
77.4%, p = 0.013). No significant difference was disclosed
in the expression of MSH2, c-MET and ARIDIA between the
two subgroups (p < 0.05) (Fig.1).

Clinical stage according to FIGO
Patients with endometrial cancer were subdivided de-
pending on clinical stage into early stage (IA) and later stage
of the disease (IB-IV). In the entire group of patients with
endometrial cancer, no relationship was detected between
intensity of NESF-1 expression and the stage of clinical ad-

100
* 90.3

%0 88.3

80 774

70

61.3
60 519 546
50.9 :
50 48.1 484 M EC endometrioid
42.8

40 EC non endometrioid

30

20
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0
NESF MLH1 MSH2 cMET ARID1A

Figure 1. Percentage of endometrial cancer cases manifesting a high expression of a given protein in endometrioid and non-endometrioid cancer

cells; * p <0.05
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vancement of the disease (p = 0.382). Also no such relation-
ship was detected for MLH1, MSH2, c-MET and ARIDIA.

Grading

Among all the analyzed patients no relation was detect-
ed between the level of NESF-1 expression and histological
grade of cancer differentiation (p = 0.3145). Furthermore, no
such relationship was detected for MLH1, MSH2, c-MET and
ARID1A (p > 0.05) (Fig. 2, 3). The group of patients with type
|EC with grade 1 manifested a statistically higher expression
of nesfatin than the patients with histologically less mature
cancer (G1 68.97% vs G2 + G3 45.45%, p = 0.0487). The re-
lationship between the level of studied protein expression
and histological grading of non-endometrioid cancers was

100

not analyzed since the latter by definition are poorly dif-
ferentiated cancers (G3).

Correlation between evaluated proteins
Among all the studied patients with ECs, a high expres-
sion of NESF-1 correlated with a high expression of the
MLH?1 protein (p = 0.039). No relationship was detected
between the level of NESF-1 expression and MSH2, c-MET
and ARID1A in the entire population of patients with endo-
metrial cancer (p =0.43, p = 0.24, p = 0.4158).

DISCUSSION
NESF-1, the amino acid derivative of NUCB2 carries
prognostic significance in type | EC; its immunoreactiv-
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Figure 2. Percentage of endometrial cancer cases manifesting a high expression of a given protein in relation to the clinical stage
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ity correlated with an augmented risk of relapse and poor
clinical course [23]. In the presented study, two groups of
patients were analysed — women with endometrial can-
cer endometrioid type (EC I) and non-endometrioid (EC Il).
The expression of NESF-1 was more pronounced in type Il
EC (61.3%) with a poorer prognosis compared to type | EC
(NESF-1 expression in 50.9% cells). However, no statistically
significant values were determined (p = 0.410). The evalua-
tion of expression in various grades of histological grading
determined that patients with type | EC at G1 manifested
a higher expression of NESF-1 than those with type | EC
at both G2 and G3 (G1 — 68.97% compared to G2 and
G3 — 50.4%, p = 0.0487). Similar results were observed in
studies of Takagi et al. [23] in type | EC, though no statistical
significance was identified (in G1 cancers the proportion of
positive reaction was higher than in G2 and G3).

Mutations in MLH1 and MSH2 linked with Lynch syn-
drome carry a risk of developing type | EC. In the group of
patients presented in this study, the expression of MLH1 pro-
tein was significantly higher in type Il EC. Among all 146 pa-
tients, a high expression of NESF-1 correlated with a high ex-
pression of MLH1 (p = 0.039), which seems to be slightly con-
troversial. In the literature, a high expression of NESF-1 was
linked to poorer prognosis, while MLH1, associated with
type| EC, was linked to better prognosis [2, 23, 24]. Dividing
the patients according to the histological type of the tumor,
a tendency was noted for a high expression of NESF-1 in
patients with a high expression of MSH2 (p = 0.0596). This
might indicate that despite the normal function of the MMR
protein group, a high expression of NESF-1 is significant for
prognosis in the patient group.

c-Met, also called tyrosine-protein kinase Met, is pro-
to-oncogene tyrosine kinase, located on chromosome
7921-31. Physiologically, it is essential for the disruption of
cadherin-based cell-cell contacts and subsequent cell motil-
ity which takes place is embryonic development, organo-
genesis and wound healing [25]. It activates a wide range
of different cellular signalling pathways, including those
involved in proliferation, motility, migration and invasion. In
many human primary tumours, amplification of the c-MET
gene, with consequent protein overexpression and kinase
activation, has been found. In our study, the expression of
c-MET was most pronounced among the studied param-
eters: it was noted in over 80% of all tissues in both type
I and type Il ECs. No relationship was detected between the
expression of c-MET and clinical stage or grading, although
in the literature there is a correlation between its expression
and metastatic disease and poor prognosis [26, 27].

ARID1Ais located on chromosome 1p36.11 and encodes
protein ARID1A, an important member of the SWI/SNF com-
plex.This complex is responsible for chromatin remodelling,
which regulates gene expression depending on changes

in chromatin structures, and participates in replication,
transcription and repair processes [28]. Dysfunction in the
mechanism leads to carcinogenesis mainly via PI3K/AKT
pathway. Mutations in ARIDTA are found in many cancers
and are common in gynaecological cancers such as clear
cell and endometrioid ovarian cancer, but also in around
40% of endometrioid EC [29-31]. In our material, expres-
sion of ARID1A protein was detected in around 48% of all
EC patients.

No differences in the expression of ARID1A protein were
revealed in our study between clinical stages and histo-
logical grades. No relationship was also detected between
ARID1A expression and the studied proteins (NESF-1, MLH1,
MSH2, c-MET).

In both subgroups of patients, no other relationships
were detected between the levels of expression of NESF,
MLH1, MSH2, c-MET and AR1D1A.

CONCLUSIONS

In this study on protein expression, EC tissues mani-
fested (although insignificantly) an elevated expression
of NESF-1 in type Il EC. In type | EC, NESF-1 expression was
significantly higher in G1in comparison to G2 and G3 com-
bined. A significantly lower expression of MLH1 was dem-
onstrated in type | EC. The most pronounced expression
involved ¢-MET in all EC | and EC Il tissues (in over 80% of
cases). A tendency was detected for a high expression of
NESF-1 in patients with type Il EC, who also exhibited a high
expression of MSH2.
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ABSTRACT

Objectives: Lymphadenectomy is crucial for accurate staging in most gynecological malignancies. Serious complications
can occur during the surgery. The present study aimed to present the early and late findings associated with obturator
nerve injury, which is rarely observed during lymphadenectomy but can result in serious sequela if not noticed.

Material and methods: The files of the patients who underwent lymphadenectomy at our clinic between 2012 and
2018 were examined. Patients with obturator nerve incisions were identified retrospectively.

Results: In total, 287 women patients underwent lymphadenectomy at our clinic between 2012 and 2018. Examination of
surgical notes revealed that nine patients underwent obturator nerve incisions using a scissor or a harmonic scalpel (ener-
gy-activated ultrasonic scissors). With respect to management of obturator nerve damage, no significant difference was found
between the use of a harmonic scalpel and scissors (p < 1.000) and the trendelenburg and lithotomy positions (p < 0.167).
In addition, no significant difference was found between laparoscopy and laparotomy in terms of surgical type (p < 0.167).
At 6 months post-operatively, sensory-motor examinations and EMG findings of the patients were completely normal.

Conclusions: Surgeries performed for gynaecological malignancies have high mortality and morbidity rates. Moreover, in
the event of a complication such as nerve damage during laparoscopy, successful management of the complication before
the patient undergoes laparotomy allows the patient to continue benefitting from the advantages of the laparoscopy.
The results of our study show that these high-risk surgeries should be performed in advanced and well-equipped medical
centres by teams experienced in gynaecological oncology.

Key words: obturator nerve; lymphadenectomy; harmonic scalpel
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INTRODUCTION

Lymphadenectomy (LN) is crucial for accurate staging
in most gynecological malignancies [1]. Therefore, surgical
management regarding lymphadenectomy worldwide is
very heterogeneous. Systemic pelvic and para-aortic lymp-
hadenectomy does not improve overall or progression-free
survival in patients with advanced ovarian cancer with both
intra-abdominal resection and clinically negative LN [1].

In endometrial cancer, lymphadenectomy is considered
to be a staging component that does not improve prognosis
butis only used for properadjustment of adjuvant therapy[2].
However, these radical surgeries can also lead to certain
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complications. Prolonged surgical duration and the associ-
ated vascular and nerve injuries can significantly increase
the morbidity risk of patients [3].

Obturator nerve (ON) injury is one of these rare com-
plications. It usually occurs during lymphadenectomy or
during excessive retroperitoneal obturator fossa manipu-
lations [4]. In addition, they are also observed in obturator
hernia or endometriosis surgeries, bilateral oophorectomy
and aorto-femoral bypass surgeries [3]. Furthermore, ON
injury reportedly occurs more frequently during radical
prostatectomy [5]. During pelvic surgery, obturator nerve
damage can be seen in gynecologic oncologic procedures
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with wide pelvic side wall dissection. Nerve injuries may oc-
cur as a result of compression, shearing and stretching [6].
When noticed, such injuries can be repaired with early sur-
gery via end-to-end anastomosis. Through proper nerve
repair, patients can continue their daily lives without any
loss of function.

MATERIAL AND METHODS

Patients who underwent lymphadenectomy at our clinic
for ovarian and endometrial cancers between 2012 and
2018 were included in our study. Patient records were ret-
rospectively examined, and it was confirmed that all the
patients underwent pre-operative tests for complete blood
count, hepatitis markers, coagulation and tumour markers in
addition to other biochemical investigations. All patients un-
derwent electrocardiography, posterior-anterior chest X-ray
and pre-operative evaluation by the anaesthesia clinic. All
patients were admitted to the ward two days pre-operatively
and the appropriate surgical procedure for each patient was
determined based on the pre-operative examinations. Ab-
dominal and laparoscopic methods were found to be pre-
ferred by the patients. Nine patients underwent iatrogenic
ON incisions during the surgery and the two nerve ends were
completely separated. Four and five patients were operated
forendometrial and ovarian cancers respectively. Electromy-
ography (EMG) was performed during the follow-up period,
and the records, which were examined by the neurology
clinic, revealed that patients underwent two examinations
during the follow-up period as short- and long-term ex-
aminations. The first examination was performed 1 month
post-operatively, whereas the second examination included
evaluation at 6 and 12 months post-operatively.

All analyses were performed using the IBM SPSS 20 sta-
tistical analysis software. Data were presented as mean,
standard deviation, median, minimum, maximum, percent-
age and number. The Shapiro-Wilk test was used to ana-
lyse the normal distribution of continuous variables. The
independent samples t-test and the Mann-Whitney U-test
were used compare two independent groups with normally
and non-normally distributed variables, respectively. The
2 x 2 comparisons between categorical variables were made
using the Pearson’s chi-square test if the expected value
was > 5; the Yates chi-square test if the expected value was
between 3 and 5and the Fisher’s exact test if the expected
value was < 3. P values < 0.05 were considered to be statisti-
cally significant.

RESULTS
A total of 287 patients underwent lymphadenectomy
at our clinic between 2012 and 2018 due to malignancy.
Surgery reports revealed that nine patients had complete
ON incisions during surgery. Of these nine patients, four were

Table 1.The demographic and clinical characteristics of the patients

Pathological Diagnosis

Variables EndometrialCa OvarianCa P
(n=4) (n=5)

Age [years] 55.25+3.10 65.60+£9.91 0.142
BMI [kg/m?] 27.62£6.57 25.07 £0.86 0.106
Parity 295+23 3.04+1.1 0.128
Diabetes mellitus 2(0.18) 1(0.50) 0143
Hypertension 4(0.32) 3(0.43) 0.128
sbromeltis °0) W -
Smoking 1(0.04) 1(0.04) 0.317
Menopause age 55(0.43) 54 (0.43) 0.215
Previous surgery 1(0.42) 2(0.61) 0.143
Previous caesarean 1(0.23) 2(0.07) 0.106

operated for endometrial cancer, and five for ovarian cancer.
Table 1 shows the comparison of the demographic and clini-
cal characteristics of the patients. Two of the patients who
were operated for endometrial cancer were treated through
laparoscopic approach, whereas the other two were treated
with abdominal approach. The abdominal approach was
used in all patients who were operated for ovarian cancer.
Four of the patients underwent ON incision using a harmonic
scalpel, and five underwent dissection with scissors. Nerve
damage was found to be complete, and no resection of
nerve endings was performed in any patient. Nine patients
underwent end-to-end anastomosis using 6/0 Prolene su-
tures. Anastomosis could not be performed in one patient as
the patient’s nerve endings could not be found. This patient
was excluded from the study because the repair could not
be performed. With respect to the short- and long-term
neurological and EMG examinations, no significant differ-
ence was found between the use of harmonic scalpels and
scissors to make ON incisions. Six patients had a right ON
incision, whereas three a left one. We found no statistically
significant difference in terms type of surgery, device used
and surgical position between the groups (p > 0.05) (Tab. 2).
The percentage of the injury during lymphadenectomy in
our cohort was 3.4%.

In the nine patients who underwent ON repair, the sen-
sory—motor examinations conducted 1 month post-opera-
tively were normal for both lower extremities. Nerve conduc-
tion studies were normal in the EMG examinations, whereas
sparse acute denervation potentials and regeneration motor
unit potentials were monitored 1 month post-operatively in
ON-innervated muscles via needle EMG examination. In the
long-term follow-up of the patients (at 6 months post-oper-
atively for four patients, at 8 months post-operatively for one
patient and at 12 months post-operatively for four patients),
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Table 2. Comparison of the type of surgery, device used and surgical position between the different types of pathological diagnosis

Laparotomy 2 50.00 5 100.00 0167
Laparoscopy 2 50.00 0 0.00 ’
Harmonic scalpel 2 50.00 2 40.00

1.000
Scissors 2 50.00 3 60.00
Trendelenburg 2 50.00 0 0.00

0.167
Lithotomy 2 50.00 5 100.00

Table 3. Charcaterictics of the cases

End CA Laparoscopy Harmonic scalpel  Trendelenburg 3 h Normal Normal
2 55 EndCA Laparoscopy  Harmonic scalpel  Trendelenburg 2h50min  Normal * Normal
3 58 EndCA Abdominal  Scissors Lithotomy 2h30min  Normal * Normal
4 57 EndCA Abdominal  Scissors Lithotomy 4h20min  Normal * Normal
5 65 OvarianCA  Abdominal  Harmonicscalpel Lithotomy 6h Normal * Normal
6 72 OvarianCA  Abdominal Harmonic scalpel  Lithotomy 3h50min  Normal * Normal
7 68 OvarianCA  Abdominal  Scissors Lithotomy 8h30min  Normal * Normal
8 74 OvarianCA  Abdominal  Scissors Lithotomy 3h30min  Normal * Normal
9 49 OvarianCA  Abdominal  Scissors Lithotomy 3h20min  Normal * Normal

*Sparse acute denervation potentials and regeneration mup; CA — cancer

the lower extremity sensory—motor examinations and EMG
examinations were found to be normal (Tab. 3).

In one patient who could not undergo ON repair, exami-
nations conducted 1 and 6 months post-operatively showed
restriction in the flexion and adduction of the right thigh,
and sensory deficits in the medial of the thigh. In the EMG
examination conducted 1 month post-operatively, intense
and acute denervation potentials were observed in the
ON-innervated muscles on the right side, whereas EMG ex-
aminations conducted 1 and 6 months post-operatively did
not reveal any voluntary muscle activity. EMG examinations
were consistent with complete ON damage on theright side.

DISCUSSION

Pelvic lymph node evaluation is extremely important in
the management of gynaecologic malignancies [4]. How-
ever, certain undesirable conditions may arise during dis-
section. A rare example of these conditions is ON injury. ON
originates from lumbar 2-4 spinal nerves and innervates
the adductor muscles [7]. After originating from the lumbar
plexus, it descends downwards by passing from the poste-
rior surface of the psoas muscle to its medial end, and then

exits the pelvis from the obturator canal [8]. It is divided into
the anterior and posterior branches. The anterior branch in-
nervates the inner thigh skin [9], and complete, incomplete
or heat-related injury of this nerve can lead to numbness and
pain in the thigh and can cause weakness in the adduction
of the thigh possibly resulting in gait disorders [3].

In the event that an urgent repair becomes necessary
during surgery, the nerve usually recovers without prob-
lems. Case presentations in the literature report that follow-
ing urgent repair during surgery, the patients showed no
motor deficits or loss of sensation when examined 6 months
post-operatively [3]. In our case series, the ON incisions
of nine patients were urgently repaired during surgery,
and no deficit was identified in neurological examinations
and long-term EMG evaluations. However, ON repair could
not be performed in one of the patients because the ON
ends could not be found. This developed a restriction of
adduction and a loss of sensation in the innervated thigh
area. The patient’s EMG examination was consistent with
ON injury. In our study the percentage of the injury during
lymphadenectomy was 3.4%. In a similar study, this rate
was given as 2.4% [10].
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The severity of symptoms is associated with the extent
of ON damage. Grafts can be used in nerve incisions where
end-to-end anastomosisis not possible. Ghaemmaghamietal.
[11] reported the case of a patient in whom a graft was used
successfully in ON injury that occurred during radical hyster-
ectomy and bilateral pelvic lymphadenectomy and reported
that there was no neurological or functional loss observed
6 months post-operatively. However, although there was
full incision along with thermal damage in our case series,
no grafts were used, and successful repair was achieved
with end-to-end anastomosis without nerve stretching.
In one patient, nerve endings could not be found and repair
could not be performed.

Most ON injuries occur as a result of pelvic procedures.
It has been reported that most patients are kept in the lithot-
omy position for a long time [12]. In our case series, seven
patients were operated while they were in the lithotomy
position, whereas two were operated while they were in the
Trendelenburg position. However, a review of the literature
shows that surgical intervention in the lithotomy position for
extended periods of time increases nerve damage risk [13].

To minimise complications during pelvic lymphadenec-
tomy, itis necessary to have knowledge of anatomically im-
portant localisations, and to bear in mind that there can be
variations. Studies have shown that anterior and posterior
separation of the ON is intrapelvic in 23.22% of the cases,
inside the thigh in 25% of the cases and in the obturator
channel in 51.78% of the cases [14]. This shows that the
nerve may show variation as it travels through the obturator
canal. In our study, all of the patients had nerve incision in
the obturator fossa.

Noticing an ONinjury during surgery and its subsequent
rapid repair is very important for post-operative recovery.
Timely detection of the nerve damage ensures rapid repair
and prevents long-term permanent damage. Song et al.[15]
have successfully performed laparoscopic repair of nerve
damage in a patient with cervical cancer using an elec-
trosurgical instrument. An electrosurgical instrument was
used in five of the patients in our patient group and rapid
repair was performed during surgery with no pathological
findings being observed 1 and 6 months post-operatively.
However, Gocmen et al. [3] reported that the total recovery
period of incomplete ON injury was approximately one year.
It is very important to protect the nerves in laparoscopic
interventions requiring precise dissection and to safely
provide haemostasis without damaging the surrounding
tissues [16]. Owing to the advances in technology, it is now
possible to use laparoscopic instruments relying on energy
to perform lymphadenectomy and simultaneously ensure
haemostasis [17]. The increase in heat generated in the
lateral tissues by this energy can cause thermal damage
to the surrounding tissue, as a prolonged surgical dura-

tion increases the temperature ultimately causing greater
damage. Although new laparoscopic instruments utilising
ultrasonic energy are considered to be safer and more reli-
able than monopolar cautery systems, reliable information
on their effects is limited. There are studies in the literature
showing that the thermal damage to tissues by ultrasonic
scissors is safe [18]. Emam and Cuschieri [19] demonstrated
that dissection using ultrasonic energy is effective and safe,
but also reported that activation periods of over 10 seconds
could increase lateralised thermal damage. It was observed
in our study that, in cases with nerve damage, incisions per-
formed using ultrasonic energy or with the aid of scissors
both resulted in negligible lateral tissue damage. There was
no requirement of grafts in both groups, and nerve ends
were repaired without stretching. There was no significant
difference between short- and long-term neurological and
EMG examinations. Although the number of cases in our
series was less, it is considered that energy-activated ul-
trasonic scissors can be used safely, even in complications
such as ON incision.

CONCLUSIONS

Noticing complications during surgeries and rapidly
and completely managing them is one of the fundamen-
tal principles of surgery. In our case series, we discussed
the management of nerve damage that may occur during
lymphadenectomy, a surgical procedure with a high com-
plication rate. Based on our findings, we conclude that this
micro-surgical procedure, which was performed by experi-
enced hands to remedy a situation noticed during surgery,
yielded rather satisfactory long-term results.

Statement of ethics

Research involving human participants and/or animals; All
procedures performed in these studies that involved hu-
man participants were conducted in accordance with the
ethical standards of our institutional ethics review commit-
tee and adhered to the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. This
study was approved by our institutional ethics review board.
Informed consent; All patients were notifed about the use of
their deidentifed medical data in our retrospective analysis.
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ABSTRACT

Objectives: This study will investigate the phenotype of Glucose transporter 1 (GLUT1) in endometrial cancer and the
association of its expression with tumor’s clinicopathological factors.

Material and methods: Standard immunohistochemistry (IHC) staining protocol was utilized to identify the location and
expression pattern of GLUT1 in a panel of 71 endometrial carcinomas compared to 30 normal tissues using tissue microarrays.

Results: High scores of GLUT1 staining are more frequent in cancer cases, it was recognized in 64 (90%) endometrial
cancers and 12 (40%) control cases. Tissue histotype (cancer versus non-cancerous) was associated with IHC staining of
GLUT1 (p = 0.000). Significant association between strong GLUT1 staining of malignant epithelial cells and stage of tumor
(p = 0.000) was observed, advanced disease stages were more prevalent with high GLUT1 staining in malignant epithelial
cells. There is also a significant association between high scores of GLUT1 staining and location of expression in transformed
epithelium, cytoplasmic and membranous (p = 0.000), 100% of cases with cytoplasmic and membranous expression showed
high GLUT1 staining scores. Considerable varied survival models were observed with positive GLUT1 neoplasm regard-
ing diagnosis, grade, stage, differentiation, and recurrence (p-values 0.000, 0.000, 0.000, 0.002, and 0.000 respectively).
Survival estimates are considerably healthier in positive GLUT1 staining cases of endometrial carcinoma, which have low
grade, low stage and no recurrence.

Conclusions: GLUT1 expression has been found upregulated in endometrial carcinoma. IHC staining of GLUT1 can be
a supportive mean in predicting prognosis and survival estimates of endometrial carcinoma with specific clinical factors.

Key words: GLUT1; immunohistochemistry; endometrial carcinoma
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INTRODUCTION

Endometrial cancer (EC) is the second most frequent
malignant neoplasm of the female reproductive system
in USA [1]. In Saudi Arabia, uterine corpus tumors are
the most frequent cancer of female genital system [2].
More than 400 cases of endometrial cancer were registered
in 2015, which represented about 6.4 % of all recently
confirmed cancer cases of all sites [2]. The mean age was
61 years (22-99). The most common morphological type
is endometrioid adenocarcinoma not otherwise specified
(NOS) accounts for 63.8 percent, and less commonly ad-
enocarcinoma (NOS) 11.9%, carcinoma (NOS) 3.2%, serous
cystadenocarcinoma 3.2%, papillary serous cystadenocar-
cinoma 3.0% and others [2]. Diagnosis and management
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of endometrial neoplasms depend greatly on patients’
clinicopathological factors [patient age, tumor size and
histological type as well as Fédération Internationale
de Gynécologie Obstétrique (FIGO) grade as prognos-
tic signs]. Yet, these clinical factors are not adequate to
predict disease’s outcomes due to endometrial tumors
heterogeneity [3]. Regardless of significant improvements
in cancer management and the good prognosis of en-
dometrial tumors, about 15% of all endometrial tumors
recur, of which up to 90% of recurrent tumors happen
within 3 years [4]. The recurrent disease prognosis is poor;
the median survival barely surpasses twelve months. At
present, the total number of patients with recurrent en-
dometrial tumor arises [5].
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So, it is a pleading demand to find better diagnostic
and prognostic markers and chemotherapeutic agents to
facilitate clinical tasks for effective diagnosis, prognosis
and treatment of endometrial carcinoma. Concentrated
experimental works have been constructed to acquire new
markers so as to support disease diagnosis and prognosis,
improve patients’ risk stratification and advance clinical
management [6]. The majority of these biomarkers has not
been satisfactorily specific or sensitive; this lead to a big
interest in distinguishing biomarkers of transformed cells
and tumor micro-environment which could have prognostic
or predictive values of response to particular medications
that could lead to proper therapy.

Glucose transporter 1 (GLUT1) is upregulated in a wide
spectrum of human malignancies and its expression is ab-
sent in most types of normal epithelial cells. The expres-
sion of GLUT1 appears to be a potential marker for ma-
lignant transformation [7-8]. GLUT1 has been considered
to have a significant role in the development of different
neoplasms once overexpressed. Many recent studies as-
sociated GLUT1 expression with increased malignant po-
tential, invasiveness, diagnosis, prognosis and survival in
different neoplasms, including prostate, breast, colorectal,
ovarian, lung, hepatic, pancreatic, esophageal and cervical
carcinomas [8-10]. However, in endometrial cancer, many
studies attempted to find similar association and prove
that GLUT1 phenotype could be utilized as a diagnostic
and prognostic tissue marker, but the findings were incon-
sistent and need further confirmation [11-22]. Therefore,
this manuscript will describe the immunohistochemistry
phenotype of GLUT1 in a panel of endometrial carcinomas
compared to normal tissues, and analyse its relationship with
clinicopathological features, to determine its clinical value
and its role in endometrial cancer. Furthermore, this study
will evaluate a GLUT1 expression as a diagnostic marker and
predictor of survival in patients with endometrial carcinoma.

Objectives
This study will investigate the phenotype of Glucose
transporter 1 (GLUT1) in endometrial cancer and the associa-
tion of its expression with tumor’s clinicopathological factors.

MATERIAL AND METHODS

Two groups of tissue samples were included in this
study; the first group is 71 specimens related to patients
with histologically confirmed endometrial carcinomas. The
second group is 30 tissue samples from curetted patients
for noncancerous conditions (4 endometrial polyps, 16 pro-
liferative endometrium, and 10 secretory endometrium), as
a control. The mean age of second group individuals was
36 (ranged 22-50). All ethical rules and regulations adapted
by author institution have been followed.

This study will utilize GLUTT monoclonal antibody us-
ing immunohistochemistry staining standard protocol to
identify the location and expression pattern of GLUT1, which
will be graded with respect to the estimated fraction of
malignant cells with positive and relative intense stain.

All recruited tissue specimens were paraffin-embedded
tissue blocks and were collected along with their clinico-
pathological data from the Department of Pathology (Tab. 1).
All paraffin blocks were cut (4 pm thickness), Hematoxy-
lin-and-Eosin (H&E) stained and reevaluated for diagnosis
and grading confirmation by two pathologists. Later, tissue
microarray (TMA) was built using all paraffin-embedded
specimens of both groups (carcinomas and controls) in the
same way as was stated by Al-Maghrabi et al. [23]. Next,
TMA Blocks were cut into 4 um slices, placed on coated
slides and used later in immunohistochemistry (IHC) to
detect GLUT1 using BenchMark autostainer (Ventana, Ari-
zona, USA), anti-GLUT1 polyclonal antibody and UltraView
Universal diaminobenzidine (DAB) Detection Kit (Ventana
Medical Systems, USA). A slide with trisaminomethane (tris)
buffer instead of anti- GLUT1 polyclonal antibody were in-
cluded as a negative control in every staining procedure
performed as well as positive tissue control of colorectal
carcinoma as indicated by the manufacturer.

Two pathologists analyzed the quality of GLUT1 expres-
sion and approximated the percentage of positive neo-
plastic cells. The estimations of GLUT1 positive cells were
determined by semi-quantitative procedure in 3 micro-
scopic fields using 40 X lenses. All cases with brown color
in less than 5% of neoplastic cells were counted negatively
stained. Grades of 0, 1, 2, and 3 were assigned for negative,
weak, modest and strong stain respectively. These scores are
displayed in this report as high (2 and 3), and low (0 and 1).
The lowest grade recorded by any pathologist was taken
into account if a disparity occurred.

Statistical Analysis

The data were analysed by using version 21 of Interna-
tional Business Machines-Statistical Package for the Social
Sciences (IBM-SPSS). All results were displayed as incidences
and percentages. The relationship between clinical factors of
ECs and GLUT1 immunoexpression was investigated by
Fisher and chi-square tests. Assessment of survival distribu-
tions for several GLUT1 IHC staining scores were calculated
by using a Log Rank test. The significance level was consid-
ered at p < 0.05.

RESULTS
Clinicopathological factors of all ECs cases with the ex-
pression of GLUT1 was presented in Table 1. Transformed
epithelium of sixty four endometrial cancer cases (90.1%)
showed high scores GLUT1 IHC staining, and 7 (9.9%) sam-
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Table 1. Distribution of various clinicopathological variables with Glucose transporter 1 (GLUT1) immunostaining in transformed endometrial cells

Group Control
Endometrial Cancer
GLUT1 staining location Negative
Cytoplasmic
Cytoplasmic and membranous
Diagnosis Clear cell carcinoma
Endometrioid adenocarcinoma
MMMT
Serous carcinoma
Grade |
]
n
Ungraded
Stage |
]
[}
vV
Unstaged
Differentiation M
NA
P
w
Recurrence No
Yes
Alive No
Yes

GLUT1 — Glucose transporter 1

ples revealed negative or weak staining. High scores of
GLUT1 IHC staining in stromal cells of ECs were found in
the total of only 21 out of 71 cases of ECs. High scores of
GLUT1 staining were found more frequently in cancer cases,
it was recognized in 64 (90%) endometrial cancers compared
to 12 (40%) control cases. Staining of the normal endome-
trial epithelium, if present, was much lower than observed
in tumor cells from the same patient.

Biologic behavior tissue type (cancer versus non-can-
cerous) was obviously associated with GLUT1 immunohis-
tochemistry staining (p = 0.000). Significant association
between strong GLUT1 staining of malignant epithelial cells
and stage of tumor (p = 0.000) was observed, advanced dis-
ease stages were more prevalent with high GLUT1 staining in
malignant epithelial cells. There is also a significant associa-
tion between high GLUT1 staining scores and cytoplasmic
and membranous expression locations in malignant epithe-

Gut 1 in Epithelial cells

Low High p-value
n [%] n [%]

18 60.0 12 40.0 0.000
7 9.9 64 90.1

3 100 0 0.0 0.0001
4 40.0 6 60.0

0 0.0 58 100.0

0 0.0 1 100.0 0.695
7 11.9 52 88.1

0 0.0 2 100.0

0 0.0 9 100.0

5 12.5 35 87.5 0.999
2 8.7 21 913

0 0.0 6 100.0

0 0.0 2 100.0

6 154 33 84.6 0.000
0 0.0 5 100.0

0 0.0 9 100.0

0 0.0 3 100.0

1 6.7 14 93.3

2 10.0 18 90.0 0.884
0 0.0 2 100.0

0 0.0 8 100.0

5 12.2 36 87.8

6 10.7 50 89.3 0.999
1 6.7 14 933

0 0.0 17 100.0 0.185
7 13.0 47 87.0

lium (p =0.000), 100 percent of cases (58) with cytoplasmic
and membranous expression showed high GLUT1 staining
scores. The remaining cases were 3 negative and ten cases
revealed cytoplasmic staining only of which 60% were of
strong staining.

Most positive GLUT1 cases showed a brown color in
greaterthan 50% of the transformed cells (Fig. 1 A, B, Cand D).
Substantial variability was identified in GLUT1 staining, for
instance, some neoplasms exhibited positive stain in se-
lected glands or cells and others showed identical stainin all
glandular or cellular parts. No significant associations were
analysed between GLUT1 immunostaining and neoplasm
diagnosis, grade, recurrence and alive/deceased status.

The log rank test was used to compare survival dis-
tributions among cases of low and high GLUT1 staining
scores. Table 2 defines the average survival times of tu-
mor patients with different clinical risk factors varied for
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Figure 1. Glucose transporter 1 (GLUT1) immunostaining pattern in endometrial cancer; A — strong staining in endometrial tissue; B— moderate
staining in endometrial cancer; C — weak staining in endometrial cancer; D — negative staining in endometrial cancer

Table 2. Comparison of survival distribution patterns by various clinicopathological variables in positive Glucose

immunostained endometrial cancers

orter 1 (GLUT1)

Ungraded
Stage |

[}

1]

v

Unstaged
Differentiation w

M

P

NA
Recurrence No
Yes
Endometrioid adenocarcinoma
MMMT

Diagnosis

Serous carcinoma

a — Log-Rank test adjusted for GLUT1 immunostaining

GLUT1 staining. Considerable varied survival models were
observed with neoplasm diagnosis, grade, stage, differen-
tiation and recurrence (p-values 0.000, 0.000, 0.000, 0.002,
and 0.000 respectively). Survival estimates are considerably
healthier in positive GLUT1 staining cases of endometrial

40 4 105.016 7.000 0.000
21 6 95.970 13.932

6 5 20.154 7.048

2 1 11.187 5.401

38 2 108.154 6.788 0.000
5 1 59.644 12.330

8 7 26.801 14.952

3 3 22.198 14.932

15 3 97.449 10.617

41 4 106.066 6.523 0.002
18 6 87.111 16.245

8 5 45.745 15.734

2 1 11.187 5.401

55 7 102.797 6.065 0.000
14 9 45.930 14.736

59 8 114.965 7.348 0.000
2 1 11.187 5.401

8 7 25.741 6.823

carcinoma, which have endometrioid adenocarcinoma type,
low grade, low stage, well differentiation or no recurrence.
On the other hand, positive neoplasms with high grade,
high stage, poor differentiation or recurrence displayed
poorer survival estimations. Kaplan Meier survival curves
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Figure 2. Kaplan Meier Survival Curves by various clinicopathological variables with Glucose transporter 1 (GLUT1) immunostaining in endometrial cancer

exhibited significant improved survival experience in cases
of endometrioid adenocarcinoma type, low grade, low stage
well differentiation or no recurrence (Fig. 2).

DISCUSSION

Glucose transporters have become one of the core
subjects in cancer biology since it has been found that
neoplastic cells show higher glucose metabolism in com-
parison with normal tissue. The resultant big growth in
glucose necessity indicates a demand for a consistent rise
in the transportation of glucose through the cell membrane.
The greater part of tumors show increased expression of
GLUT1 that has been existed in relevant normal counter-
part tissues in non-cancerous states. Furthermore, because
of the need for power to serve unrestrained proliferation,
neoplastic cell frequently expresses GLUT1 that would not
be expressed in the cells in ordinary circumstances [24-25].

The level and membranous location of GLUT1 expression
could be an appropriate biomarker of glucose metabolism
that might be assessed easily and economically as part of
the histologic assessment practice of neoplasms [19]. Since
increased expression of GLUT1 is already known in many
neoplasms, its relationship with prognostic parameters has
been studied [8-10].The earliest and the most striking study
on this subject to date is the one that was conducted on co-
lon cancer. In addition to indicating GLUT1 as a good marker
to determine aggressive biological behavior of colorectal
carcinomas, it also showed a direct correlation between
lymph node metastases and GLUT1 expression [26].

In endometrial neoplasms, nevertheless, many studies
[11-22] tried to find a comparable association and verify that
the IHCGLUT1 phenotype could be utilized as a diagnosticand
prognostic tissue marker, but the findings were inconsistent
(Tab. 3). In agreement with the majority of literature data, our
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Table 3. Correlation between high level of Glucose transporter 1 (GLUT1) immunoreactivity and clinicopathological parameters of endometrial

cancer in the current study compared to studies of the literature

Previous studies :rll-::l:l:a:rial f:rll.:::lli;roup ﬁ’lélal::’:taining Grade Stage Recurr-ence Sle“c,:ised Survival
cancer status

The current study 30:/00.000 1 40% g,\i 0.0001 NS 0.000 NS NS p =0.005

Nemejcova et al. 2017 [11] 90% 33% M

Anagnostou et al. 2017 [20]  63% M NS

Al-Sharaky et al. 2016 [12] ?)8;5(()’/.0008 88.9% ™ p=0.003 p=0.004

Canpolat et al. 2016 [13] 95% 31.9% M p=0.007 NS NS

Ma et al. 2015 [14] ;0;%’0.05 14% N p<005 p<0.05

Sadlecki et al. 2014 [15] 100% m NS NS NS NS

Xiong et al. 2010 [16] 71% 0% M

Wahl et al. 2010 [22] 53% 0% M

Ashton-Sager et al. 2006 [17]  90% 17% M

Goldman et al. 2006 [21] present present C p < 0.002

Sebastiani et al. 2004 [18] 43% M NS

Wang et al. 2000 [19] 100% 0% M

GLUT1 — Glucose transporter 1; C — cytoplasmic; M — membranous; CM — cytoplasmic and membranous; N — nuclear; NS — not significant

results were capable statically to show increased cytoplasmic
and/or membranous expression of GLUT1 in ECs compared
to normal endometrium [11-22]. Decreased GLUT1 expres-
sion in normal endometrium as well as its weak expression
in non-cancerous lesions and overexpression in endometrial
cancer suggests that this molecule might be involved in en-
dometrial carcinogenesis as the findings of this study and oth-
ers [12, 14] showed significant association with tumor stage.
On the other hand, some studies including the present one
could not demonstrate any significant relationship between
GLUT1 expression and other prognostic parameters of ECs
[11,15-20, 22]. While, few studies found that the association
between GLUT1 phenotype and clinical data, i.e. increasing
grade and stage, is statistically significant [12, 14]. Goldman et
al.(2006) [21]and later Canpolat et al. (2016) [13] reported that
among clinical characteristics, only grade was found to be sig-
nificantly correlated to GLUT1 expression. According to Xiong
etal.[16], the expression of GLUT1 can be used to distinguish
between benign endometrial lesions and endometrial cancer
but has no prognostic value in women with this malignancy.
This is opposite to the present investigation which showed
significant differences in the expression of GLUT1 associated
with clinical stage or prognosis in endometrial cancer patients.

The present investigation showed that the impact of
GLUT1 phenotype on the survival estimates of endometrial
cancer was modified significantly by some clinical factors,
including the type of tumor, grade, stage and recurrence.
This finding is in line with the recent analyses of numerous

studies which have reported paradoxical evidence of the
relationship between GLUT1 expression and prognosis in
solid human tumors [8, 27].

The differences between the previous studies and the
current one could be clarified by method sensitivity, people’s
difference, and variations in the size of samples. The present
report and previous similar ones which evaluated the diag-
nostic and prognostic power of GLUT1 immunoreactivity
in endometrial malignancy had weak points such as the
relatively small sample size involved in these studies and
the semi-quantitative interpretation of immunostaining.
However, greater inclusive studies are undoubtedly of great
value for estimating the diagnostic and prognostic values
of GLUT1 immunoreactivity in endometrial malignancy.

CONCLUSIONS
Our results showed increased expression of GLUT1 in
endometrial tumors. IHC staining of GLUT1 can be a sup-
portive mean in predicting prognosis and survival estimates
of endometrial tumors with specific clinical factors.
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ABSTRACT

Objectives: The aim of the present study is to assess differences in body composition between female participants in the
study group who suffer from PCOS versus a healthy control group.

Material and methods: The study included 85, 14-22-year-old, female participants. Participants belonged to one of two
groups. Thirty seven participants with a diagnosis of PCOS were in the clinical group, and 48 participants were in the healthy
control group with no prior diagnosis of PCOS.

Results: A statistically significant difference between groups was found in their answer regarding diet. A correlation was
found between the body fat index and the use of dieting among participants; participants with a lower body fat index (in
kilograms) were less likely to be on a diet.

Conclusions: The young female participants with PCOS were shown to have similar body composition to age-matched
healthy controls. However, the clinical group with PCOS reported more frequent use of dieting, with less use of exercise.

Key words: PCOS; body mass composition; dietary habits; young females
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a heterogeneous
endocrine disorder that is diagnosed in 3-6% of adolescent
females. It is estimated that 16% of women who report to
a gynecological clinic with a menstrual disorder receive
a final diagnosis of PCOS. The etiology of the syndrome is
not fully understood; however, it is known that genetics play
a significance role in determining risk [1, 2].

The most commonly used criteria for the diagnosis of
polycystic ovary syndrome are The Rotterdam Criteria pro-
posed at the Rotterdam conference with the participation
of the European Society of Human Reproduction and Em-
bryology (ESHRE) and the American Society of Reproduc-
tion Medicine (ASRM). Determining the diagnosis based
on these criteria, however, causes difficulties in the group
of adolescents and women in the perimenopausal period.
In adolescents, the presence of clinical and biochemical
symptoms of hyperandrogenism should be particularly
taken into account. Some of the symptoms that meet the
criteria for polycystic ovary syndrome may be the result of
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physiological changes in the body of an adolescent woman.

Therefore, in girls, diagnosis is based modified Rotterdam

criteria, i.e. all three criteria must be met (and not 2 out of

3 as for adult women):

1. Oligo- or anovulation (adolescent’s cycle last-
ing > 45 days, or amenorrhea > 90 days);

Biochemical exponents of hyperandrogenism or hirsutism;
3. Thevolume of one of the ovaries > 12 mL or > 24 vesicles

in the ovary in the ultrasound examination of the pelvis.

Menstrual disorders should be confirmed no earlier
than two years after the menarche [1-3].

In 2018, the latest recommendations were issued based
on international evidence-based guidelines for the assess-
ment and management of polycystic ovary syndrome. It was
found that ultrasound should not be used in the diagnosis
of PCOS in girls of gynecological age < 8 years (i.e. < 8 years
after the first menstruation), due to the high incidence of
polycystic ovaries at this stage of life [4].

Characteristic for PCOS are the coexistence of pre-
-diabetic conditions (abnormal fasting glucose levels and
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glucose intolerance), type 2 diabetes, hyperinsulinaemia,
insulin resistance and obesity. Attention is drawn to the fol-
lowing sequence of events: the results of low birth weight
are successively: accelerated weight gain, premature
adrenarche and PCOS. An increase in body mass is most
likely the key predictor of the severity of the syndrome in
early puberty. The therapeutic priority for women with PCOS
is therefore to maintain a normal weight, or lose weight in
cases where the woman is overweight. Studies show that
the loss of 10% of one’s body weight at diagnosis aids in the
return of regular cycles, fertility as well as other metabolic
parameters; such weight loss also increases insulin sensitiv-
ity in tissues [1, 5-6].

However, the calculation of body mass from a scale does
not provide any important information about the amount of
adipose tissue and muscle in the body or the overall hydra-
tion and condition of the body. As such, body mass index
(BMI) is not a sufficient measure to determine the efficiency
of human metabolism. In turn, a body composition analysis
using the bioimpedance method can generate this criti-
cal information. The bioimpedance analysis (BIA) measures
the impedance (the type of resistance) of tissues through
low-voltage electric current [7].

Objectives

The aim of the present study is to assess differences in
body composition between female participants in the study
group who suffer from PCOS versus a healthy control group.
The plan is to evaluate the individual body mass elementsin
association with the level of Anti-Mullerian Hormone (AMH)
and leptin, in an attempt to determine whether lifestyle has
an effect on the body composition of females diagnosed
with PCOS versus healthy controls.

MATERIAL AND METHODS
Participants

The study included 85, 14-22-year-old, recruits. Partici-
pants belonged to one of two groups. Thirty seven partici-
pants with a diagnosis of PCOS were in the clinical group,
and 48 participants were in the healthy control group with
no prior diagnosis of PCOS. The female participants were
patients recruited from the Department of Pediatric En-
docrinology of the Upper Silesian Children’s Health Center
John Paul Il in Katowice.

Inclusion criteria for all participants in the study in-
cluded the following: being 14-22 years old and having
experienced menarche for at least two years prior to the
study. Exclusion criteria included the use of any pharma-
cotherapy (e.g., hormonal therapy, contraceptives, NSAIDs)
and the presence of any systemic disease (e.g., cardiovas-
cular disease, diabetes, endocrine disease, autoimmune
disorders). Participants included in the clinical group were

rated according to the Rotterdam Criteria (3/3 criteria) to
determine the presence of PCOS. Only women who for-
mally consented to participate in the study, or girls whose
guardians consented to their participation, were included
in the study.

All participants in the study were informed, in detail,
about the purpose and methodology. Consent was ob-
tained from all participants. Ethics approval for the study
was obtained from the Bioethical Commission of the Medical
University of Silesia in Katowice. Throughout the implemen-
tation of the research, researchers strictly abided by the
ethical principles outlined in the Declaration of Helsinki.

Methods

Participants were required to answer background ques-
tions about their demographics, gynecological history, gen-
eral medical history including relevant diseases, and lifestyle
using the HBSC Questionnaire — a mandatory, standardized
questionnaire in Poland in 2013/2014. HBSC is an inter-
national study on the health behavior of school children,
which are carried out periodically. The questionnaire con-
sists of mandatory questions used by all countries, as well
as optional questions. The following indicators were used:
meals, physical activity, dietary habits, self-esteem. Based
on participant medical history, the length of the menstrual
cycle was determined. A regular menstrual cycle (eumenor-
rhea) was defined as one that cycled every 21-45 days with
a length of menstrual bleeding of 3-7 days, and an esti-
mated blood loss of 5-80 mL.

Subsequently, anthropometric measurements (i.e.,
height, weight, and BMI) were taken for each participant.
The measurements were performed in the morning after
overnight fasting. The weight (without shoes, in light cloth-
ing) was measured using the RADWAG certified electronic
scale. The height (in an upright standing position, without
shoes) was measured using a stadiometer. The weight was
obtained with an accuracy of 0.1 kg, while the height was
obtained with an accuracy of 0.5 cm.

The body composition analysis was performed with the
use of the BodystatQuadscan 4000. The measurement was
performed 10 minutes after obtaining the supine position.
The electrodes in accordance to the tetra polar system were
placed in the mid-dorsal line of the hands and feet.

The intensity of participants’ hirsutism was assessed in
accordance with the Ferriman-Gallwey score (the quantita-
tive assessment of body hair in nine different parts of the
body: upper lip, chin, upper and lower abdomen, chest,
upper arms, as well as thighs, upper and lower back). The
severity of hirsutism in each part of the body was rated on
a scale from 0 to 4 points. Hirsutism was diagnosed with
a score of 8 or more. A transvaginal ultrasound of the pelvis
was performed on sexually active women and a transab-

590 www. journals.viamedica.pl/ginekologia_polska



Agnieszka Anna Bialka-Kosiec et al,, Body mass composition and dietary habits in adolescents with polycystic ovary syndrome

dominal ultrasound (with a full bladder) was performed on
not sexually active women.

Subsequently, a series of laboratory procedures were
completed. The blood was collected in the morning after
overnight fasting, between the 2nd and the 5th day of the
cycleinthe early follicular phase of the menstrual cycle. Then
the level of total and free testosterone, androstenedione,
leptin, AMH in serum, insulin, glucose, and the mathematical
model of insulin resistance HOMA-IR were measured. Insulin
resistance was diagnosed at HOMA-IR > 2.5.

The diagnosis of PCOS was made based on the crite-
ria set by the European Society for Human Reproduction
(ESHRE) and the American Society of Reproductive Medicine
(ASRM): 1) oligoovulation or anovulation occurred at least
2 years after the menarche), 2) biochemical exponents of
hyperandrogenism and hirsutism, 3) the volume of one of
the ovaries > 12 mL in a pelvic ultrasound scan. PCOS in the
clinical group of participants was recognized if all of the
three criteria were met.

RESULTS

The healthy control and clinical groups were compared
on the variables investigated in this study. The mean age of
female participants in the clinical group was 19.4 + 2.4 years,
while the mean age of participants in the control group was
20.0 £ 2.2 years. The groups were matched on age, with no
significant difference between them (p = 0.32). Also there
were no significant differences between groups on meas-
ures of weight, height and BMI (Tab. 1).

A statistically significant difference between groups
was found in their answer regarding diet (p = 0.02). When
asked,“Are you following any diet or doing anything to lose
your weight?’, 54.7% of participants in the control group an-
swered that they did not need to adhere to any specific diet
because their weight is where it is supposed to be, whereas

only 21.21% of participants in the clinical group answered
in this way. In the clinical group, 27.27% of participants
reported that they currently use or have used in the past
some dietary plan, while only 14.29% of participants in the
control group provided this answer. However, no statistical
significance was found between the quality of the meals
that each group consumed. The girls from both groups
consumed fruits and vegetables as well as sweets and sweet
drinks with equal frequency. The results of this analysis are
presented in Table 2. The participants in the clinical group
reported significantly less engagement in sports, defined as
participation in physical activity lasting at least 60 minutes
per week (p = 0.02). There was no statistical significance
between the self-assessment measure of participantsin the
control versus clinical group in terms of physical appearance
(Fig. 1). Furthermore, when asked about the number of hours
spent watching movies, playing games, using computers
and social networks during their free time, there were no
significant differences between groups in their answers.
Table 3 presents the distribution of individual body mass
components in the clinical versus control groups. An associa-
tion was noted between the leptin level and body composi-
tion. A statistically significant correlation was found between
the mass of adipose tissue (described in kilograms and
percentage) and the content of water in the body (Tab. 4).

Table 1. Basic characteristic of anthropometric measurements

amongst the study and control group

Statistical  Study group Control group  Mann-Whitney
parameter [average +SD] [averageSD] U test

Height [cm] 165.9+6.5 165.5 +6.1 p =049

Weight [kg] 64.3+124 61.8+9.9 p=031

BMI [kg/m?] 233 +4.1 226 %35 p=0.55

BMI — body mass index

Table 2. The frequency of consumption of particular products by females from the test and control groups

Products
Frequency of Fruits Vegetables
consumption Study Control Study

group group group
Never 0% 0% 2.94%
Less than once a week 6.06% 2.27% 0%
Once a week 21.21% 15.91% 0%
2-4 days a week 18.18% 36.36% 41.18%
5-6 days a week 18.18% 15.91% 20.59%
One time every day 18.18% 11.36% 8.82%
More than once everyday  18.18% 18.18% 26.47%
Yates's chi-squared test p =0.60 p=0.10

www. journals.viamedica.pl/ginekologia_polska

Sweets (candy, Coca-cola or other sweet

chocolate) drinks
Control Study Control Study Control
group group group group group
0% 2.94% 2.27% 29.41% 22.73%
9.09% 11.76% 13.64% 17.65% 47.73%
9.09% 17.65% 13.64% 20.59% 15.91%
20.45% 32.35% 34.09% 14.71% 11.36%
20.45% 8.82% 11.36% 8.82% 0%
22.73% 11.76% 15.91% 2.94% 2.27%
18.18% 14.71% 9.09% 5.88% 0%

p=098 p=0.10
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Ml Studygroup (n=33) 1 Control group (n = 44)
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50%
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Self-assessment of appearance of respondents

Figure 1. Self-assessment of appearance among study and control groups of females

on of body mass components amongst the study and control groups

Bodly fat index [%] 1(3.45%) 6(20.69%) 22 (75.86%) 2 (4.26%) 18(38.30%) 27 (57.45%) p=0.28
Bodly fat [kg] 1(3.45%) 5(17.24%) 23 (79.31%) 7 (14.89%) 13(27.66%) 27 (57.45%) p=0.15
FFM [kg] 6 (20.69%) 23(79.31%) 0 (0.00%) 20 (42.55%) 27(57.45%) 0(0.00%) p=0.06
Water content [%] 22 (75.86%) 7(24.14%)  0(0.00%) 25 (53.19%) 21(44.68%) 1(2.13%) p=0.17
Water content [kg] 22 (75.86%) 7(24.14%)  0(0.00%) 26 (55.32%) 20(42.55%) 1(2.13%) p=0.23

FFM — fat-free mass

Table 4. Leptin level [ng/mL] in association with the body mass components amongst the study and control groups

Below the norm  8.11 4.98 £2.96

Body fatindex [%]  Norm 6.20 +2.84 p =0.008 9.11£6.30 p =0.004
Above the norm 1640+ 11.18 16.90 £ 16.04
Below the norm  8.11 5.54+223

Body fat [kg] Norm 6.39+3.13 p=0.03 10.65 + 6.69 p=0.001*
Above the norm 1592+ 11.17 16.78 £ 16.14
Below the norm  19.14 + 17.40 10.00 £6.73

FFM [kg] Norm 12.67 £8.19 p=061 15.93 £ 16.30 p=0.07
Above the norm  — —
Below thenorm 1640+ 11.18 17.46 £16.53

Water content [%]  Norm 6.47 +2.69 p=0.006 8.89 +6.06 p=0.003
Above thenorm  — 7.07

Water content [kg]  Below the norm  16.40+11.18 p = 0.006 17.10+16.30 p=0.003

*Kruskal-Wallis H test was applied to 3 categories; FFM — fat-free mass

However, there was no correlation between the level of A correlation was found between the body fat index
AMH and individual body mass components. See Table 5 for and the use of dieting among participants; participants with
findings. alower body fatindex (in kilograms) were less likely to be on
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Table 5. Spearman’s correlationof the body mass componentswith

the value of AMH among the study and control groups

AMH
Correlations
Study group
. R=-0.16
0
Body fat index [%] p=040
R=-0.24
Bodly fat [kg] p=0.21
R=0.08
FFM [kg] p=068
R=0.10
0y
Water content [%] p =060
R=-0.10
Water content [kg] p =059

FFM — fat-free mass

Control group
R=-0.08
p=061
R=0.03
p=0.87
R=0.08
p=0.61
R=-0.01
p=095
R=0.0
p=091

adiet (Fig. 2). The same association was found between the
measure of Fat-free mass (FFM) and the likelihood of being
on a diet (Fig. 3). Finally, participants with a higher body fat
index were more likely to see themselves as‘somewhat, or

definitely too fat’ (Fig. 4).

DISCUSSION

The incidence of PCOS increases rapidly between 12 and
14 years of age, peaking between 15 and 24 years of age
and gradually decreasing until the individual reaches meno-
pause. For this reason, research in this area with young
females is so important. It appears that research on the
etiopathogenesis of PCOS, which remains unclear, should

focus on this age group [8].

Correlation coefficient T = 0.32; p = 0.02 Correlation coefficient T = 0.49; p = 0.00001
Study group Control group
40 ¥ 40
] L]
. . P |
30+ ? 301 * o
x . % e
9] . o] - i
e ] © L] i L
£ ! e ——— £ R .
S22t . =20 T
= . : .| = ——
3 | ' ® 8 A |
2] 1 @ L]
10 = 10
0 ! ' 0 y .
1 2 3 4 1 2 3 4
Being on a diet Being on a diet
Currently on a diet to lose weight
1 — no, my weight is where it is supposed to be; 2 — no, but | should lose some weight;
3 — no, because | should gain some weight; 4 — yes
Figure 2. Correlation between body fat index (kg) and current diet among study and control groups
Correlation coefficient T = 0.28; p = 0.05 Correlation coefficient T = 0.34; p = 0.002
Study group Control group
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Figure 3. Correlation betweenFat-free mass (kg) and current diet among study and control groups
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Correlation coefficient T = 0.57; p = 0.00007

Self-assessment of appearance

Self-assessment of appearance

4 — somewhat overweight; 5 — definitely overweight
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Figure 4. Correlation between body fat index (kg) and self-assessment of appearance among study and control groups

The common features of PCOS, including as hyperinsuli-
naemia, metabolic dysfunction and hyperandrogenemia, are
associated with the accumulation of excess adipose tissue.
Regardless of BMI, adipose tissue distribution along with
proportionately greater abdominal obesity may further ex-
acerbate metabolic abnormalities associated with PCOS [9].

Our study did not show statistically significant differences
between the body mass composition of female participants
in a healthy control versus clinical group (participants diag-
nosed with PCOS). The absence of a statistically significant
difference in the body mass composition between healthy
and clinical groups of women, measured using the bioim-
pedance method, was previously reported by Geronikolou
et al. [10]. Furthermore, Attlee et al. [11] used BIA analysis to
discover that FFM and percentage of adipose tissue did not
significantly differ between young females with and without
PCOS. This finding expands on other studies that did not find
a difference between anthropometric measurements includ-
ing weight, BMI, waist and hip circumference, in women with
PCOS versus women without PCOS [12]. In turn, Ezeh etal. [13]
studied a group of adult female patients with PCOS and found
an unfavorable body composition, characterized by an in-
creased fat-to-muscle ratio. In the studies comparing only BMI
between groups, women with PCOS had a significantly higher
BMI compared to the control group (without PCOS) [14].

According to the research, 30-70% of the population
around the world with PCOS is overweight or obese [15]. The
increasing number of metabolic and reproductive dysfunc-
tionsassociated with adipose tissue disorders, such as altered
cytokine secretion, chroniclow grade inflammation and oxida-
tive stress, is related to an increased occurrence of PCOS [15].
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Adipose tissue is not only the body’s energy storage but
also the largest endocrine and paracrine organ that synthe-
sizes the biologically active substances. These substances
are called adipokines and they act both at autocrine/par-
acrine and at endocrine levels. One of these adipokines is
called leptin. The concentration of the leptinin plasmais di-
rectly proportional to the amount of adipose tissue. In obese
individuals, prolonged existence of high concentrations of
leptin leads to leptin resistance and, as a consequence, to in-
creased resistance of peripheral tissues to insulin. According
to some studies, concentrations of leptin in young females
with PCOS are directly proportional to BMI, body fat index,
waist circumference and HOMA-IR index, and are higher
than those in healthy young females. Our study confirmed
that the relation between leptin and body fat index exists in
both the clinical and control groups. It is commonly believed
that the concentration of leptin in the plasma of young
females is a determining factor in the onset of puberty. The
delay in puberty onset in females with low body fat index
and the occurrence of secondary amenorrhea are most likely
associated with a decrease in leptin levels [16-19].

It has been found that lifestyle changes can improve
body mass composition, symptoms of hyperandrogenism
and insulin resistance in women with PCOS, although there
is no evidence of a positive effect of these changes on the
glycemic profile and lipid profile in participants. Neverthe-
less, lifestyle changes are recommended as a first-line treat-
ment in overweight ad obese adolescents with suspected
PCOS. In our study, young females from the clinical group
reported significantly more adherence to a diet and less
participation in sports. Meanwhile, it was that yoga classes

www. journals.viamedica.pl/ginekologia_polska
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were more effective than conventional physical exercises in
improving glucose, lipids and insulin values. No difference
was noted between groups in the time that participants
reported to use the computer or television. Participants with
a higher body fat index were more likely to be on a diet, or
only declared it, across groups [8].

Psychological interventions are also an important con-
sideration in this group of patients. An Endocrine Society
Clinical Practice Guideline indicate an increased incidence of
depression and anxiety in women with PCOS. Itis suggested
that women with PCOS be screened for depression and
anxiety. Obesity was indicated as the main factor causing
depression and emotional stress among young females with
PCOS. Itis stated that the main psychological and behavioral
interventions that improve mental health in young female
with PCOS are: good sleep, lifestyle changes (healthy diet
and prevention of sedentary lifestyles) and regular exercise.
These strategies are designed to reduce stress and depres-
sion through, among others, weight loss [8, 20].

One of the limitations of the present study is a small
sample size in the clinical group. However, due to the oc-
currence of PCOS and the range of age of participants in
the study, collecting a larger sample size would require
a much longer time frame. Finally, body mass composition
was measured using BIA, which is less sensitive and accurate
than other methods such as DXA or MRI. However, BIA has
been shown to be significantly more cost-effective and
provides comparable results. Unfortunately, in the literature
there are no such studies conducted on a group of young
PCOS girls regarding body composition and dietary habits.

CONCLUSIONS

The young female participants with PCOS were shown
to have similar body composition to age-matched healthy
controls. However, the clinical group with PCOS reported
more frequent use of dieting, with less use of exercise. There
is a need for further studies in this area of research with
a larger sample size in order to confirm these results. Al-
though PCOS is considered primarily to be a gynecological
condition, it is related to many systems in the human body.
This can result in an increased risk of infertility, insulin re-
sistance, metabolic syndromes, type 2 diabetes, and other
health concerns. Therefore, a greater understanding of the
etiopathogenesis of PCOS is of utmost importance.
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ABSTRACT

Objectives: Pre-eclampsia (PE) affects many women worldwide and remains the leading cause of morbidity and mortal-
ity in neonatal and maternal settings. Abnormal expression of placental microRNAs (miRNAs) may be associated with PE.

Material and methods: This study was conducted to the relationship between IGF1 and the expression spectrum of miRNA
in the placenta of preeclampsia patient. The expression of miRNA in placental tissue was compared between pre-eclampsia
(n=6) and normal pregnant women (n = 5) miRNA targets were studied by computer simulation and functional assays. The
role of miRNA was verified in trophoblast cell lines by apoptosis assay and invasion assay.

Results: There was a significant increase in miRNAs in the placenta of women with pre-eclampsia compared with patients
with normal pregnancy. Luciferase assay confirmed direct regulation of miRNA.

Conclusions: The expression of IGF1 and miRNA was significantly increased in the placenta of patients with pre-eclampsia.

Key words: preeclampsia; IGF1; miRNA; placenta; expression spectrum
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INTRODUCTION

Preeclampsia (PE), eclampsia and gestational hyper-
tension are unique during pregnancy diseases, which falls
within the category of gestational hypertension (hyperten-
sive disorders in pregnancy), morbidity [1-2]. It is about 10%
in China, especially in preeclampsia. PE is mainly manifested
within 20 weeks after pregnancy [3-4]. Hypertension, pro-
teinuria, can cause multiple organ dysfunction as well as
functional failure in the whole body. This is leading to mater-
nal and the main cause of perinatal mortality has been the
focus of pathological obstetric research, the pathogenesis
is unknown.

Because most preeclampsia conditions can quickly re-
lieve or even heal themselves after placental delivery, some
scholars believe that the placenta is the root cause of its
disease. In the process of embryo implantation and placenta
formation, if various factors lead to trophoblastic dysfunc-
tion, it will cause uterine spiral artery recasting disorder,
placental blood supply insufficientcy, which results in preec-
lampsia disease. With the gradual deepening of microRNA
(miRNA) function research, more and more studies have
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confirmed that miRNA plays an important regulatory role
in the development of PE. This provides molecular biology
clues that reveal the pathogenesis of PE [5, 6].

MiRNAs in eukaryotic organisms, about 18-25 bases in
length, by pairing with the target gene mRNA base to in-
duce the silent Complex (RISC) to degrade mRNA or inhibit
its translation, thus achieving negative regulation of the
expression level of the target gene at the post-transcription
level. The discovery of MiRNAs is a milestone in the field of
gene expression regulation, which regulates about 30%
of human protein-coded genes, and is related to assorted
physiological and pathological processes. For instance, em-
bryonic development, organ formation and the occurrence
of diseases, through negative regulation of the level of target
gene expression.

MATERIAL AND METHODS
Patient samples
All patients received written informed consent. The
study was approved by the Institutional Review Board of
the Second Affiliated Hospital of Nanchang University. Six
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patients with pre-eclampsia placenta and 5 patients who
underwent caesarean section were enrolled in our study.
Patients who underwent caesarean section served as the
control group. The 11 patients were used for microarray
analysis of miRNAs. All of the patients were further evalu-
ated. Patients with pre-eclampsia were confirmed by clinical
diagnosis by the professional doctor in our hospital. The pla-
centa tissues from patients were immediately snap-frozen
in liquid nitrogen after abscission. The detailed information
of samples were shown in Table 1 and Table 2.

Methods
Microarray analysis of miRNAs

The miRCURYTM LNA array (7th generation) (version
18.0, Exigon) includes 3,100 capture probes embodying the
whole annotations in miRBase 18.0. the miRNAs of mice and
rats, and the miRNAs of all viruses associated with them.
Furthermore, the array covers the probes for miLlusTM hu-
man miRNAs [7].

Extraction of total RNA

Total RNA of patients was extracted by using total RNA
isolation kits (Invitrogen) and miRNeasy mini kits (QIAGEN)
under the conditions recommended by the manufacturer.
The purity of extracted RNA was determined by using the
spectrophotometer (ND-1000, Nanodrop Technologies).
In addition, we evaluated the RNA integrity by gel electro-
phoresis [8].

RNA labeling

RNA labeling was performed by using the miR-
CURYTM Hy3TM / Hy5TM Power Labeling Kits (Exigon,
Vedbaek, Denmark). Furthermore, the sample (1 pg) was
performed 3’-end-labeling by using a Hy3TM fluorescent
label. We also mixed 2.0 uL of RNA in water with 1.0 pL
LCIP buffer and CIP (Exiqon). The mixture was incubated
at 37°C for 30 min and at 95°C for 5 min. In addition, we
added labeling buffer (3.0 uL), labeling enzyme (2.0 pL),
fluorescent label (Hy3TM) (1.5 pL), and DMSO (2.0 L) into
the mixture, which was incubated at 16°C for 1 h and at
65°C for 15 min [9].

Array hybridization

The miRCURYTM LNA array (Section 18.0) (Exiqon) was
used for array hybridization. Firstly, hybridization buffer
[25 (mu)L] was added into the above sample [25 (mu)L].
Next, the mixture was incubated at 95 (deg.) C for 2 min
in order to denaturate, followed by incubation at 4°C for
2 min. After that, the mixture was hybridized to the micro-
array at 56 (deg.) C. for 16-20 h. Bay Hybridization Systems
(Hybridization System — Nimblegen Systems, Inc., Madison,
WI, USA) provided effective mixing and invariant incuba-

Table 1. Sample Description
Sample Number
1 34
42
86
90
95
114
32
63
50
71
81

Sample Name Group

O 0 N o U b~ W N

S
zZ zZz =z =z =z 4 4 4 4 4 4

—
—_

Table 2. Hybridizations to be performed

Slide no. Hy3 Hy5
Slide 1 34
Slide 2 42
Slide 3 86
Slide 4 90
Slide 5 95
Slide 6 114
Slide 7 32
Slide 8 63
Slide 9 50
Slide 10 71
Slide 11 81

tion temperature. Finally, slides were prepared and washed
three times with a wash buffer kit (Exiqon). After washed,
slides were dried by centrifugation (400 rpm/min) for 5 min.
Finally, slides were scanned using Axon GenePix 4000B mi-
croarray scanner (Axon Instruments, Foster City, CA) [10].

Array Information
Exigon’s miRNA arrays feature Tm-standardized and
LNATM enhanced capture probes, which have outstand-
ing specificity and sensitivity even for AT-rich miRNAs. They
also have excellent repeatability. The correlation between
arrays was 99%. The dynamic range was more than 5 orders
of magnitude.

miRCURY LNA™ microRNA Array, 7th gen — hsa,
mmu & rno

The 7t generation miRNA array included 3100 capture

probes, which covered the whole of miRNAs in humans,

mice and rats annotated in miRBase 18.0, and viral miR-
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NAs. Moreover, there were capture probes for miLlusTM
human microRNAs in the array, which were proprietary
microRNAs not found in miRBase [11].

Data analysis

The scanned image was imported into GenePix Pro
6.0 software (Axon) for grid alignment and data extrac-
tion. The replicated miRNAs were averaged and the miRNAs
more than 50 intensities were selected for calculation of
normalization factors. The expressed data was normalized
by using median normalization. Moreover, miRNAs, with
obviously different expression, were discerned by using
Volcano Plot filtration. MEV software (v4.6,TIGR) was used
for hierarchical clustering.

RESULTS
Low intensity filtering and data normalization

The scanned image was imputed into GenePix Pro
6.0 software (Axon) to do grid alignment and to extract data.
The repetitive miRNAs were average while miRNAs which
were more than 50 intensities were chosen to calculate
querynormalization. The median normalization was used
to normalize the data of miRNA. The miRNAs were selected
for differential expression. The following list represents only
a subset of the overall results. The entire results can be found
in the expression “expression matrix” in the miRNA expres-
sion profiling Data.xls file (Tab. 3).

miRNA purity

The box plot is an intuitive method in order to effec-
tively visualize the level of disaggregation of data sets. It is
an effective way to compare the distribution of miRNAs. In
addition, the log2 ratio distribution of each sample was
basically identical (Left: data with non-normalized log2-ratio
distribution; right: data with median normalized log2-ratio
distribution) (Fig. 1).

Correlation Matrix and scatter plot
A scatter plot is a visualization that can be used to evalu-
ate the repetitiveness of chips. Its axis was the normalized
signal value (scale scale) (Fig. 2).

Differentially expressed miRNAs screening

Differentially expressed miRNAs with statistically signifi-
cant differences were identified. We performed Volcano Plot
filtration on both groups in the experiment. The threshold,
a fold change more than 1.5 and a P value less than 0.05,
was used to screen for up-regulation or down-regulation of
miRNA. The following list represents only a portion of the
differentially expressed miRNAs in the T to N results (Tab. 4).

Heat map and hierarchical clustering
It was displayed the bidirectional hierarchical clustering
of samples and miRNAs in the heat map. The abscissa repre-
sented miRNA and the ordinate represented samples. On the

Table 3. The results of miRNA Expression

D Name Fold Change P-value
TvsN TvsN
13138 Hy3 0.996336378 0.989417
42638 hsa-miR-23a-5p 1.568977638 0.07266
42888 1.14788641 0.665814
17519 ebv-miR-BART1-3p 1.097571346 0.730312
17278 1.160911656 0.5042
46507 hsa-miR-921 1.586768402 0.200918
17928 hsa-miR-181a-2-3p 1.510173499 0.312414
42826 0.783954977 0.240246
17537 1.008976924 0.970497
42722 1.739150162 0.078576
42645 0.560113342 0.294479
46636 1.195298862 0.508479
11134 hsa-miR-502-5p 0.931910856 0.855179
17295 hsa-miR-583 0.927580386 0.667943
32825 hsa-miR-620 1.204907579 0.413182
46276 1.87952483 0.05826

ForeGround-BackGround Normalized

Mean of N group Mean of N group
3334 1.148126
117.3 0.390772
1586.9 5.350498
17.2 0.059658
19.4 0.066363
42.2 0.140007
17.2 0.059737
590.1 2.016165
171.2 0.585387
17 0.058376
22.2 0.081096
31.1 0.104871
252.6 0.832847
503.8 1.70745
40.6 0.14099
6 0.021253

ID — Contains the miRNA ID number constituted by Exiqon; Name — miRNA name; P-value — T-test result between samples in different groups; Foldchange — Ratio of
normalized intensities between two conditions; ForeGround-BackGround — The intensities of the miRNAs before Median normalization; Normalized — The normalized
values of the miRNAs after Median normalization
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Figure 2. Scatter-plot is for Group-T vs Group-N

left is the miRNA cluster tree, and on the top is the sample
cluster tree. According to their expression levels, samples

Table 4.T vs N 1.5 fold up regulated miRNAs

log2 (Ratio)

After Normalization

i

ﬂ
Q

and miRNAs were divided into different groups by cluster
analysis, which help us to evaluate their correlation.

Hierarchical clustering based on "Differentially ex-
pressed miRNAs in T vs N passed Volcano Plot" was carried
out. The results of hierarchical clustering showed a distin-
guishable miRNA expression profile between samples. The
relationship between IGF1 and the expression spectrum of
miRNA was showed in Figure 3 and Figure 4.

DISCUSSION

The MicroRNA (miRNA) gene is a new class of non-
-coding single-stranded RNA molecules 19 to 25 nucleotides
in length that are widely found in eukaryotes and have no
open reading frame (ORF) [12]. The miRNAs are character-
ized by diversity of species expression, high conservation,
tissue specificity, and clustering of genes. The miRNAs do not
directly encode proteins. It is believed that mature miRNAs
cause complete orincomplete complementary pairing with
targeted messenger RNAs (mRNAs), causing degradation or
translational inhibition of target mRNAs and regulating ex-
pression of target genes. More and more researches believe

Fold change P-value
ID Name

TvsN TvsN
148635 hsa-miR-933 1.52065878 0.0283
168910 hsa-miR-4735-5p 163602691 0.029116
168569 hsa-miR-5088 3.22345834 0.038633

ForeGround-BackGround Normalized

32 32
34 0.103976

52 0.159021

39 0.119266

ID — Contains the miRNA ID number constituted by Exiqon; Name — miRNA name; Foldchange — Ratio of normalized intensities between two conditions; P-value —
P-value calculated from t-test; ForeGround-BackGround — Intensities of the miRNAs in each sample before Median normalization; Normalized — Normalized values of

the miRNAs in each sample after Median normalization

www. journals.viamedica.pl/ginekologia_polska

599



Ginekologia Polska 2019, vol. 90, no. 10

14.980398

7.490199

6.904066
3.452033

|

0.0
hsa-miR-4724-3p
hsa-miR-4699-5p
hsa-miR-4796-5p
hsa-miR-513¢c-3p
hsa-miR-4684-3p
hsa-miR-651
hsa-miR-5089
hsa-miR-472
ebv-miR-BART13%
hsa-miR-3920
hsa-miR-4503
hemv-niR-UL36
hsa-miR-3913-5p
hsa-miR-4303
hsa-miR-1200
hsa-miR-5088
hsa-miR-4766-3p
hsa-miR-4491
hsa-miR-3162-5p
hsa-miR-212-5p
hsa-miR-4325
hsa-miR-4782-5p
hsa-miR-2681-3p
hsa-miR-25-3p
hsa-miR-3169
hsa-miR-186-3p
hsa-miR-105-3p
hsa-miR-3615
hsa-miR-933
hsa-miR-5690
hsa-miR-15a-3p
hsa-miR-564
hsa-miR-761
hsa-miR-3198
hsa-miR-4768-3p
hsa-miR-218-2-3p
hsa-miR-4735-5p
hsa-miR-4529-3p
hsa-miR-3186-5p
hsa-miR-1185-5p
hsa-miR-3165
hsa-niR-767-5p
hsa-miR-5009-5p
hsa-miR-890
hsa-miR-5187-3p
hsa-miR-451b
hsa-miR-1538
hsa-miR-5696
ebv-miR-BART1-5p
hsa-miR-3184-5p
hsa-miR-616-3p
hsa-miR-4711-3p
hsa-miR-4678
hsa-miR-618
hsa-miR-5196-3p
hsa-miR-4781-3p
hsa-miR-203
hsa-miR-3649
hsa-miR-4524b-5p
hsa-miR-3925-3p

[Ealnzannil

Figure 3. Hierarchical clustering for Differentially expressed miRNAs in T vs N passed Volcano Plot. Red indicates high relative expression, and
green indicates low relative expression

that miRNAs play a role in all levels of life. They play an im- The miRNA genes belong to a highly conserved family of
portant role in development, cell differentiation, apoptosis, non-coding genes, and various miRNAs can find homologs
proliferation and tumorigenesis. They have become one of in other lines [13]. Therefore, miRNAs are involved in various
the new research hotspots in life sciences in recent years. important processes in life processes, such as early embry-
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onic development, cell differentiation regulation, apoptosis,
cell cycle, wound healing, and the body's immune system.
The diversity of a miRNA sequence structure and expres-
sion mode plays a very important role in the field of gene
expression regulation.

Certain miRNAs are abnormally expressed in mouse and
human placental tissues and are differentially expressed in
placenta of PE patients. A growing number of studies have
demonstrated partial differentially expressed miRNAs in the
placenta of PE patients in cell adhesion, immunity, signal-
ing, and cell cycle cardiovascular development. They play
an important role in the pathways that play a major role in
the pathogenesis of pre-eclampsia.

Insulin-like growth factor-1 (IGF-1) is located on the
short arm of chromosome 12 and contains 70 amino acids
with a relative molecular mass of 7.6 kD. It is a member
of the insulin-like growth factor family and has a struc-
ture similar to insulin with insulin-like metabolic effects
[14]. Most of the IGF-1 in the body's circulation is derived
from the liver, kidneys, thymus and fat. A small amount of
IGF-1 can also be detected in tissues. Studies have found
that IGF-1 can also be produced in the endometrium and
placenta [15]. In human and animal blood and body fluids,
IGF-1 rarely exists in a free state, mainly by binding to pro-
teins to form IGF-1 binding protein (IGFBP) to prolong its
half-life and ensure its stability in vivo.The biological effects
of IGF-1 are mainly exerted by binding to the IGF-1 receptor
(IGF-1R), and IGF binding proteins 1 to 6 (IGFBP1 to 6) play
animportant regulatory role in this process. IGF-1 has a wide
range of biological functions, in addition to promoting in-
sulin metabolism, such as gluconeogenesis and glycolysis,
hypoglycemic and hypolipidemic. It also has the effects of
relaxing blood vessels, promoting cell differentiation and
mitosis.In recent years, its research on the mechanism of
action in cell differentiation, apoptosis, proliferation and
carcinogenesis has become a hot topic.

Because IGF-1 may be involved in the regulation of
embryo implantation, revascularization as well as placen-
tal fetal growth and development. Abnormal expression
of IGF-1 may lead to pathological pregnancy such as PE,
which directly affects pregnancy outcomes [16-17]. Studies
have confirmed that the incidence of PE is associated with
decreased levels of IGF-1 expression.Some researchers have
pointed out that the use of immunohistochemistry and
radioimmunoassay found that IGF-1 levels in peripheral
blood of patients with preeclampsia decreased compared
with normal pregnancy While the expression level of IG-
FBP-1 in placenta of preeclampsia increased, presumed
eclampsia Low levels of IGF-1 in the maternal blood and
elevated expression of IGFBP-1 in the placenta may lead to
placental dysplasia and fetal growth restriction. In addition,
some researchers also compared the expression levels of

IGF-1 in the pre-eclampsia and normal maternal serum,
found that the serum levels of IGF-1 in pre-eclampsia were
significantly lower than those in the control group. There
was also a significant difference in blood IGF-1 levels be-
tween mild pre-eclampsia and severe pre-eclampsia.The
more severe the condition, the lower the level of IGF-1 in
the maternal serum. It was shown that the pre-eclampsia
condition can be assessed by detecting the expression level
of IGF-1 in maternal serum [18].

CONCLUSIONS
Expression of IGF1 and miRNA was significantly in-
creased in the placentas of patients with preeclampsia.
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ABSTRACT

Objectives: One part of the ultrasound examination of fetuses in the first trimester of gestation is visualization of the
nasal bones. Numerous studies have demonstrated a correlation between the absence of nasal bones and abnormal fetal
karyotype. Aim: To assess the utility of ultrasound visualization of nasal bones during the first trimester of pregnancy as
a marker of the most common chromosomal trisomies.

Material and methods: Ultrasound visualization of nasal bones was carried out in 941 fetuses from a high-risk group
between 11 + 0 and 13 + 6 weeks of gestation. Amniocentesis was performed to determine karyotype in all 941 cases.

Results:Normalfetal karyotype was observedin 847 cases, trisomy 21 in 45 cases, trisomy 18in 16 casesand trisomy 13in 10 cases.
Other abnormal karyotypes were detected in the remaining 23 cases. The absence of nasal bones demonstrated 27%
sensitivity, 97% specificity and a positive predictive value of 35% as an indicator of trisomy 21 in the study group, and 12%
sensitivity, 97% specificity and 12% positive predictive value for trisomies 18 and 13.

Conclusions: The absence of nasal bones in ultrasound examination in the first trimester of pregnancy is characterized by
low sensitivity and high specificity as a marker of the most common trisomies. Visualization of fetal nasal bone is a poor

marker of aneuploidy and should not be taken into account in risk calculation algorithms.

Key words: nasal bone; ultrasound trisomy marker; chromosomal trisomies
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INTRODUCTION

Visualization of the nasal bones is one of the main stages
of the fetal ultrasound examination between 11 + 0 and
13 + 6 weeks of pregnancy. Numerous studies have reported
a correlation between the absence of nasal bone in the first
trimester of pregnancy and abnormal fetal karyotype. This
has been attributed to the nasal bone ossification process
being delayed in fetuses with chromosomal aberrations
such as trisomies 21, 18 or 13.

In 1866, Langdon Down observed that patients with tri-
somy 21, the most commonly occurring chromosomal ab-
erration, were characterized by a typical facial appearance
including a small, short nose [1]. In terms of frequency, Down’s
syndrome is followed by Edwards syndrome, i.e. trisomy 18,
with an incidence rate of up to 1/6,000 live births [2]. Follow-
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ing this, trisomy 13 (Patau syndrome) is observed in 1/8,000 to
1/12,000 live births. Trisomies 18 and 13 are characterized
by a much more severe clinical presentation than Down'’s
syndrome, with less than 10% of children surviving the first
year [3]. These trisomies are associated with the presentation
of an abnormal profile together with multiple other serious
defects [4]. It has been found that ultrasound scans performed
between 11 + 0 and 13 + 6 weeks of gestation indicate an ab-
sence of nasal bones in more than 50% of fetuses with trisomy
18, as well as in about 30% of fetuses with trisomy 13 [5].

Aim
To assess the value of ultrasound visualization of nasal
bones during the first trimester of pregnancy as a marker
of the most common chromosomal trisomies.
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MATERIAL AND METHODS

Nasal bone visualization was performed in 941 fetuses
between 11 + 0 and 13 + 6 weeks of gestation (ultrasound
scan + biochemical markers: PAPP-A + free BhCG) by certi-
fied researchers at two independent referral centers.Voluson
E8 and Philips iU22 ultrasound scanners and transabdominal
probes were used for the examination. The procedure was
performed according to the Fetal Medicine Foundation
standards of assessing the presence of nasal bones.

The presence of nasal bones was recorded in ultrasound
scan summaries. The risk of fetal chromosomal aberrations
was calculated on the basis of maternal age, ultrasound
parameters (crown-lump length CRL, nuchal translucency
NT) and biochemical analyses ( PAPP-A, free BhCG) using
Astraia software.

Following the combined non-invasive first trimester
screening, comprising ultrasound and biochemical test-
ing, an invasive diagnostic procedure was performed in all
941 cases to assess fetal karyotype and identify any high
risk of fetal aneuploidies.

RESULTS

In total, 941 fetal karyotype results were analyzed.
A normal fetal karyotype was observed in 847 cases. Of the
remainder, trisomy 21 was observed in 45 cases, trisomy
18in 16 cases, trisomy 13 in 10 cases, and other karyotype
anomalies in the remaining 23 cases.

The nasal bones were observed to be absent in 39 fe-
tuses, including 22 with a normal karyotype; however, the
nasal bones were visualized in 33 out of 45 T21 patients. In
addition, they were observed in all fetuses with trisomy 18,
and in seven of ten fetuses with trisomy 13 (Tab. 1).

Two study groups were defined for the purposes of
statistical analysis: the group of fetuses with T21 syndrome
(n = 45) and the combined group of fetuses with T18 and
T13 syndromes (n = 26). The control group consisted of
847 fetuses with a normal karyotype. The frequencies of
absence of nasal bones in the T21 group and the T18 and
T13 group were compared with that of the control group.

In the group of T21 patients, the nasal bones were found
to be absentin 12 cases (Tab. 2). The absence of nasal bones
demonstrated 27% sensitivity and 97% specificity as a mark-
er of T21, with a positive predictive value of 35%.

In the combined group of T18 and T13 patients, nasal
bones were found to be absent in only three cases (Tab. 3).
Lack of nasal bones was found to offer the 12% sensitivity
and 97% specificity in the detection of trisomies 18 and 13,
with a positive predictive value of 12%.

DISCUSSION
Current non-invasive risk assessment of fetal chromo-
somal aberrations is based on maternal age, ultrasound

markers (NT, FHR) and biochemistry (PAPP-A, free hCG). This
algorithm allows the detection of 85-90% of fetuses with tri-
somies 21, 18, or 13, with some publications recording a de-
tection rate of 90-95% [6-8]. More sophisticated algorithms
incorporating additional markers such as the presence of
nasal bones, analysis of ductus venous or tricuspid valve
flow have been proposed to reduce the false positive rate
(FPR); however, these are the subject of ongoing research.

Many reports have proposed the absence of nasal bones
as a potential marker of fetal chromosomal defects. Our pre-
sent results obtained by ultrasound examination of fetuses
with Down'’s syndrome support those of previous studies
indicating that the absence of nasal bones may be a promis-
ing marker of fetal trisomy 21. This has been confirmed in
many reports, including data from multicenter studies [9, 10]

A paper published in The Lancet in 2001 reported the
absence of nasal bones in 43 out of 59 (73%) ultrasound scans
in the first trimester of pregnancy; however, while the study
also reports that nasal bones were found to be absent in only
0.5% of examined fetuses with normal karyotype [9]. This figure
was found to be 2.6% in the present study. Wegrzyn et al. [10]
(2016) reported nasal bones to be absent in 64.8% of fetuses
with trisomy 21, but only 4.3% of fetuses with normal karyo-
type. Similarly, a higher rate of absence was also confirmed
among fetuses with trisomy 21 (70%) in studies conducted in

Table 1. Presence of nasal bones vs. fetal karyotype: results of the

analysis
NB + NB -

Normal karyotype 825 22
T21 33 12
T18 16 0
T13 7 3
Other karyotypic anomaly 21 2
Total 902 39

Table 2. Presence of nasal bones in T21 fetuses (n = 45) and controls

Nasal bones Nasal bones

present, NB+ absent, NB -
Normal karyotype 825 (97.4%) 22 (2.6%)
T21 33 (73%) 12 (27%)

Table 3. Absence of nasal bones in T18 and T13 fetuses (n = 26)

compared to controls

Nasal bones Nasal bones

present, NB + absent, NB -
Normal karyotype 825 (97.4%) 22 (2.6%)
T18,T13 23 (88.5 %) 3(11.5%)
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much smaller study groups [11], and elsewhere, absence was
noted in 70% of Down’s syndrome fetuses scanned in the first
trimester of pregnancy [12]. Interestingly, while the authors of
the mentioned article reported the absence of nasal bones in
80% of fetuses with trisomy 18, this was observed in only 11.5%
of fetuses from the combined group of trisomy 18 or 13 cases
identified in the present study: the vast majority (88.5%) of
fetuses tested between 11 + 0 and 13 + 6 weeks of pregnan-
cy were found to possess nasal bones. In addition, another
ultrasound study found nasal bones to be absent in 52.8%
of fetuses with trisomy 18, 45% of fetuses with trisomy 13,
and only 59.8 % of fetuses with trisomy 21 [13]. Sepulveda
etal.[14] reported nasal bone hypoplasia in 53% of a group of
53 fetuses with trisomy 18, while Wagner et al. [15] reported
alack of nasal bones in 60% of fetuses with trisomy 18 and 69%
of fetuses with trisomy 13.

Our data on the absence of nasal bones in ultrasound
examination acquired in T21 syndrome fetuses between
11 +0and 13 + 6 weeks of pregnancy are similar to those ob-
tained by other authors. As an ultrasound marker of trisomy 21,
ultrasound identification of a lack of nasal bones is charac-
terized by low sensitivity (27%) and high specificity (97%).
Likewise, Sieroszewski et al. [16] found such an approach to be
characterized by low sensitivity (40%) but very high specificity
(100%) in assessing the risk of chromosomal aneuploidies.

Our present findings indicate a much lower percentage
of fetuses presenting an absence of nasal bones among the
combined group of fetuses with less common aberrations, i.e.
those with trisomies 13 or 18;in addition, the presence of nasal
bones was detected in all fetuses with trisomy 18.The sensitiv-
ity and specificity of the absence of nasal bones as a predictive
factor of these trisomies were 12% and 97%, respectively.

CONCLUSIONS
1. The absence of nasal bones between 11 + 0 and
13 + 6 weeks of gestation, identified by ultrasound ex-
amination, can be used as a marker of the most common
trisomies with low sensitivity and high specificity.
2. Visualization of the fetal nasal bone is a poor marker of
aneuploidy and should not be taken into account in risk

calculation algorithms.
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ABSTRACT

Objectives: Postpartum hemorrhage (PPH) is the leading cause of maternal death, accounting for 1/4 of maternal deaths
worldwide. Determining sensitive biomarkers in the peripheral blood to identify postpartum haemorrhage (PPH) is es-
sential for the early diagnosis and management of PPH. The purpose of this study is to identify predictive serum metabolic
biomarkers of PPH. Thirty healthy pregnant women and 30 cases of postpartum hemorrhage were studied for our research.
Material and methods: The serum metabolites of all pregnant were detected by liquid chromatography-quadruple
time-of-flight mass spectrometry (LC-QTOFMS) and the corresponding biomarkers were identified.

Results: 34 significantly altered metabolites in PPH-pre-group were identified. They were mainly involved in fatty acid,
and glycerophospholipid metabolism.

Conclusions: The LysoPCs, PCs, PGs, Pls were effective biomarkers for identifying PPH. The disturbed signaling pathways,
mTOR signaling, acute phase response signaling, AMPK signaling and eNOS signaling pathways might be related to the
etiopathogenesis of PPH. Our study provided a valuable attempt to screen early diagnostic markers of PPH and to further

understand its pathogenesis.

Key words: biomarker; metabolomics; primary postpartum haemorrhage
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INTRODUCTION

Postpartum haemorrhage is the leading cause of death
during pregnancy and preterm birth, accounting for 1/4 of
maternal deaths worldwide [1]. It is defined as blood loss
of more than 500 mL after the birth of the genital tract
(or > 1000 mL after a caesarean section). It is estimated that
140,000 women die of PPH each year [2]. Of postpartum
deaths, 45% occur within the first 24 hours and 66% occur
within the first week. The prevalence of PPH worldwide
is between 6% and 10% [3]. The reason for deaths of PPH
is that is not easy to notice immediately or earlier which
is important to early diagnosis and intervention for PPH.
Women who have prolonged childbirth, multiple pregnan-
cies, amniotic fluid, and fetal macrosomia, obesity or fever
during childbirth are atincreased risk. Previous studies have
identified risk factors associated with the PPH [4, 5], such as
history of PPH, overdistended uterus, nullipara or low parity,
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multiple birth, high blood pressure, ante-partum hemor-
rhage and increased maternal BMI have been significantly
associated with PPH [5]. While these associations are not the
sensitive predictive biomarkers, women with these risk fac-
tors are not suffering from postpartum hemorrhage, while
some pregnant women without these risk factors may be
suffering from postpartum hemorrhage.

Metabolomics is a discipline that studies the changes
of metabolites induced by physiological stimuli or genetic
modifications in living systems [6]. Until now, metabolomics
has been applied to identify early diagnostic markers of
various diseases and study pathogenesis of them. Further-
more, metabolomics is a rapid method for qualitative and
semiquantitative analysis of metabolites in cells, biological
fluids and tissues. Due to its unique advantages and sig-
nificant efficiency, metabolomics has been widely used in
studying diseases of obstetrics and gynecology in various
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aspects. For example, a series of experimental investigations
had been conducted on gestational diabetes mellitus [7, 8],
preeclampsia [9, 10] and cancers [11, 12], and to identify the
potential markers in maternal serum, plasma, amniotic fluid
(AF), cord blood, urine, feces, trophocyte, or tissues. While
until now, there is no metabolomics study of PPH for the
early diagnostic biomarker identification before childbirth.

In our study, we first employed a LC-MS-based me-
tabolomics study to characterize the metabolic profiles of
PPH-pre, and then used bioinformatics analysis software
to identify corresponding pathogenesis of PPH. Our aim is
to search for effective biomarkers and further understanding
the pathogenesis of PPH.

MATERIAL AND METHODS
Patients

Pregnant women with no previous history of pregnan-
cies were included in our study. The subjects were assessed
for their health status. Their weight and height information
was also recorded, and body mass index was calculated to
be kg/m2. These women were asked to fast for one hour
prior to serum collection to prevent the effects of diet on
metabolism. All subjects signed informed consent when
they were admitted to this study. This study was approved by
the research ethics committee of Tongren Hospital, School
of Medicine, Shanghai Jiaotong University. Collection of
pregnant women'’s serum within 24 hours prior to the pro-
duction as the study subjects. After childbirth, calculation
of the amount of bleeding in pregnant women with parturi-
tion. Women with total bleeding volume more than 500 mL
following vaginal delivery were included as the PPH, and
these serums collected within 24 hours prior to the produc-
tion were included as PPH-pre-group. The serum collected
within 24 hours before the production from women with
total bleeding volume less than 500 mL was included as con-
trol group. Lastly, 30 cases of postpartum hemorrhage and
30 women in control group were collected.The patient’s age,
gestational age, total blood loss during PPH were recorded.

Serum Sample Collection

Venous blood was drawn into a non-heparin tube,
placed for 20 minutes at 25°C, and then centrifuged for
10 minutes at 3000 rpm. One Hundred pL serum samples
were added with 300 uL methanol with internal stand-
ard (2-chlorobenzene alanine, 0.2 mg/mL) and then the
sample was vortexed and placed for 1 min then the su-
pernatant was collected after a 12,000 rpm centrifuge for
10 mins at 4°C.

LC-Q-TOF/MS
A 3 pL aliquot of sample was injected into Agilent
1290 LC-Agilent 6545 QTOF/MS (Agilent Technologies,

Santa Clara, CA, USA). All samples were separated with
a HSS T3 C18 column (100 mm X 2.1 mm, 1.7 um, Waters,
USA) and the column was heated at 45°C. The following
gradient program was used water and acetonitrile. The
elution procedure was 5% acetonitrile for 0-2 min; 2-95%
acetonitrile 0.1% formic acid for 2—-13 min; elution with 95%
acetonitrile 0.1% formic acid for 13-15 min; post-time step
for 3 min.The flow rate was 0.3 mL/min. Mass detection was
operated with an electrospray source operating in either
positive or negative ion mode. The mass spectrum param-
eters are set as follows: drying gas (N2) flow rate was set
at 7 L/min; gas temperature was set at 330°C; pressure of
nebulizer gas was 35 psig; Vcap was 4200V; fragmentor was
165V; skimmer was 60V; scan range (m/z) was 80-1000.The
MS/MS detection was used the targeted MS2 mode with
collision energy 10EV, 20EV and 40EV. Serum samples were
run randomly, and the quality control (QC) sample was
analyzed every 10 serum samples. The analysis should be
stopped when the QC sample was abnormal. Then rinse
the column and ion source and correct the mass axis until
the QC test was normal.

Data Processing and Statistical Analysis

The Agilent Mass Hunter Qualitative Analysis Software
7.0 (Agilent Technologies, Palo Alto, CA, USA) was used for
peak extraction, deconvolution and peak matching from
the UPLC-QTOFMS ESI+ and ESI- raw data. After that a list
of each peak detected was created including the retention
time, m/zand ion intensity information of each ion. And then
the SIMCA-P13.0 software (Umetrics AB, Umea, Sweden)
was used for Principal component analysis (PCA) and partial
least-squares discriminant analysis (PLS-DA). The default
7-fold cross-validation was applied for guard against PLS-DA
model over-fitting. Those significantly changed ions were
identified and those with the VIP (variable importance in
the projection)value more than 1 obtained from the PLS-DA
model, as well as P < 0.05 obtained from the Student’s t test,
were selected as potential biomarkers. Those ions were
identified by comparison of exact molecular weight and
fragment ion acquired in targeted MS/MS mode with the
Human Metabolome Database (http://www.hmdb.ca/) and
Metlin (https://metlin.scripps.edu/). Pathway analysis of the
markers was used the Web-based software, MetaboAnalyst
3.0 (http://www.metaboanalyst.ca/).

IPA Analysis
To systematically understand the biomarkers of PPH, we
uploaded the excel file with the deferentially expressed me-
tabolites (with HMDB IDs and KEGG IDs) and the fold chang-
es information onto an online software Ingenuity Pathway
Analysis (IPA) server (IPA, Ingenuity® Systems, http://www.
ingenuity.com). Then the bioinformatics analysis was per-
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formed in accordance with operational guidelines, and the
pathways analysis and networks analysis were carried out
based on the knowledge sorted in the database of IPA.

RESULTS
Identification of the Differential Metabolites

After removing those peaks with missing value in the
two groups, a total of 1070 peaks of ESI+ and 670 peaks of
ESI- were obtained from the acquired data. The PCA score
plot showed a separation tendency between the control
samples and PPH-pre-individuals, and the QC samples were
clustered together illustrating the stability of the method
through the whole run (Fig. 1). The PLS-DA score also showed
the same separation trend between the control samples and
PPH-pre-individuals (Fig. 2A, B), The permutation test of the
model also showed that there was no overfitting, which
proved that the model was reliable as shown in Figure 2C, D.
Thirty-four metabolites with VIP > 1 and p < 0.05 calculated
from the PLS-DA model and the Student’s t test (p < 0.05)
were identified showed in Table 1. Some of metabolites
showed increased concentration in PPH patients, such as
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LysoPC[20:4 (5Z,8Z,11Z,14Z)], while several lipids, such as
Pl (0-20:0/0:0), PG (18:0/0:0), octadecanedioic acid and PC
(15:0/0:0) were observed in decreased levels in the PPH-pre
group.

Metabolic Pathway Analysis with IPA

To study the relationship between metabolites, we
used IPA software to conduct molecular pathways and
networks analysis. The interaction Network Analysis of
differential metabolites between the PPH-pre and control
was shown in Figure 3. These metabolites were corre-
lated with mTOR signaling, acute phase response sign-
aling, AMPK signaling and eNOS signaling. IPA revealed
that Myo-inositol Biosynthesis (1/9), Urate Biosynthesis
(1/22), Guanosine Nucleotides Degradation (1/22), Ma-
turity Onset Diabetes of signaling (1/25), and Adeno-
sine Nucleotides Degradation (1/27) (as shown in Tab. 2)
,which were the top five significantly changed pathways
in PPH-pre-compared to control. The metabolic func-
tions analysis by IPA analysis were summarized in Table 2.
The most significantly perturbed biological functions
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Figure 1. Principle component analysis (PCA) scores plot and 3D scores plot discriminating the metabolic profiles in serum of PPH-pre and those
in healthy control. (A), POS (two components model: R2X = 0.34, Q2 = 0.2). (B), NEG (two components model: R2X = 0.41, Q2 = 0.2); m — QC group;
o — Healthy Control group; A — PPH-pre group; PPH — Primary Postpartum haemorrhage; QC — Quality Control
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Figure 2. Partial least squares-discriminant analysis (PLS-DA) scores plot and permutation test for the model discriminating serum samples from
PPH-pre group and healthy control; @ — Healthy Control group; A — PPH-pre group; (A1) POS-PLS-DA scores plot. The model parameters were:
R2Xcum = 0.34, R2Ycum = 0.87, Q2 = 0.89; (A2) NEG-PLS-DA scores plot. The model parameters were: R2Xcum = 0.44, R2Ycum = 0.89, Q2 = 0.87; (B1)
A 999-times permutation test for the corresponding model. The Y-axis intercepts were: R2 (0, 0.55), Q2 (0, —0.13). (B2) A 999-times permutation test
for the corresponding model. The Y-axis intercepts were: R2 (0, 0.52), Q2 (0, -0.12); PPH — Primary Postpartum haemorrhage

were connective Tissue Disorder (p = 6.02e-04-8.6e-05),
Developmental Disorder (p = 8.60e-05-8.60e-05), Hema-
tological Diseases (p = 3.78e-02-8.60e-05), Hereditary
Disorder (p = 8.60e-05-8.60e-05) and Inflammatory Dis-
eases (p=1.21e-02-8.60e-05) (Tab. 2). The top 5 significant
molecular and cellular functions were Free Radical Scav-
enging, Lipid metabolism, Small molecule biochemistry,
Cellular Movement and Cell death and survival (Tab. 2).
Then we performed pathway enrichment analysis of sig-
nificantly changed metabolites in PPH group, As shown
in Figure 3 and Table 3, Glycerophospholipid metabo-
lism, D-Glutamine and D-glutamate metabolism, Purine
metabolism, Linoleic acid metabolism, Citrate cycle (TCA
cycle), Vitamin B6 metabolism.

DISCUSSION
PPH causes approximately 14 million deaths each
year and the prevalence of PPH worldwide is between
6% and 10%. The major reason for deaths of PPH is that
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related medical emergencies are not easy to early diagno-
sis even intervene immediately. Until now the diagnosis
of PPH has been dependent on the estimate the amount
of bleeding with low predictive ability and accuracy.
Metabolomics is a relatively new tool for biomarkers
identification for diseases like genomics, transcriptomics,
and proteomics. We firstly applied metabolomics study on
PPH using LC/MS to screen the predictive biomarkers of
PPH. In our study, vaginal delivery pregnant women with-
out PPH and pregnant women with PPH were recruited,
then we detected the metabolites of serum obtained
prior to childbirth. In our study, 34 significantly altered
metabolites in PPH-pre-group were identified. They were
mainly involved in fatty acid, and glycerophospholipid
metabolism.

Fatty acids, especially the unsaturated derivatives,
affect many physiological functions and a wide range
of mechanisms [13]. In addition to the source of energy,
polyunsaturated fatty acids (PUFA) also endow cell mem-
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Table 1. The potential biomarkers of PPH detected by UPLC-Q-TOF/MS and their variation tendency

RT Mass Name

0.58 801.7194 SM (d17:1/24:0)

0.93 173.0046 Quinaldic acid

13.63 750.5649 PG (16:0/18:0)

14.24 757.5686 PC[20:2(11Z, 142)/14:0]
0.56 145.989 oxoglutarate

1243 281.2718 Oleamide

4.14 145.0527 N-Butyrylglycine

10.11 5433333 LysoPC [20:4 (5Z, 8Z,11Z, 14Z)]
11.28 547.3641 LysoPC [20:2 (11Z, 14Z)]
9.65 5173172 LysoPC [18:3 (62, 9Z, 127)]
2.26 119.0739 L-Threonine

1.45 161.0509 Indole-3-carboxylic acid
8.32 248.1988 hexadecatetraenoic acid
12.20 413.3507 Heptadecanoyl carnitine
9.40 184.1462 hendecenoic acid

10.68 196.146 dodecadienoic acid

10.21 519.3365 1-Linoleoylglycerophosphocholine
1.24 168.0287 Uric acid

9.39 379.2497 Sphingosine-1-phosphate
1272 464.351 SM (d18:1/0:0)

9.65 539.324 PS (19:0/0:0)

746 614.3683 PI (0-20:0/0:0)

11.91 586.3609 PI (0-18:0/0:0)

10.61 558.3299 P1(0-16:0/0:0)

8.08 510.2843 PG [18:1 (92)/0:0]

7.62 512.3004 PG (18:0/0:0)

6.70 482.2532 PG [16:1 (92)/0:0]

10.61 481.3185 PC (15:0/0:0)

10.20 555.3109 Pateamine

7.73 368.1668 PA (6:0/6:0)

10.24 450.263 PA[19:1 (92)/0:0]

11.50 314.2455 Octadecanedioic acid
0.66 60.0211 Urea

0.73 260.0293 D-Glucose 6-phosphate

branes with unique structural and functional properties,
modulate cellular and intercellular communication and
gene expression [14]. Certain fatty acids regulate tran-
scription by peroxisome proliferator activated receptor
family (PPARs). PPARs may play a role in placental me-
tabolism, fetal development and preeclampsia [15, 16].
During pregnancy, fatty acids accumulated in developing
tissues [17] and the supply of maternal PUFA is crucial
for mothers and neonates [18, 19]. The y-3 fatty acid
can inhibit the thrombosis and reduce the incidence
and mortality of cardiovascular diseases. Other research
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HMDB KEGG vip p PPH/Control
HMDB0011695 - 1.72 0.01 047
HMDB0000842 C06325 2.00 0.00 0.24
HMDB0010572 - 2.17 0.00 0.49
HMDB0008328 C00157 1.83 0.02 1.60
HMDB0000208 00026 1.86 0.02 1.13
HMDB0002117 C19670 1.73 0.03 1.32
HMDB0000808 - 1.88 0.02 0.89
HMDB0010395 C04230 1.57 0.04 1.58
HMDB0010392 C04230 1.70 0.03 1.84
HMDB0010387 C04230 234 0.00 1.30
HMDB0000167 C00188 1.44 0.04 0.89
HMDB0003320 C19837 1.54 0.04 1.39
- - 1.77 0.00 0.24
HMDB0006210 - 1.70 0.03 044
- - 1.63 0.05 0.37
- - 1.83 0.02 0.38
HMDB0010386 04230 214 0.01 0.80
HMDB0000289 C00366 1.32 0.04 2.00
- - 1.75 0.00 0.83
HMDB0006482 03640 1.36 0.03 0.59
- - 1.89 0.00 217
- - 1.94 0.00 0.76
- - 1.50 0.02 0.81
- - 141 0.03 0.79
- - 1.48 0.02 0.70
- - 1.30 0.04 0.81
- - 1.53 0.01 0.41
- - 1.80 0.00 0.73
- - 244 0.00 0.71
- - 1.84 0.00 3.96
- - 1.32 0.04 0.77
HMDB0000782 - 1.24 0.05 0.55
HMDB0003344 C00266 1.38 0.03 0.71
HMDB0001401 00092 1.27 0.04 2.08

suggested that y-3 fatty acid also could reduce the blood
pressure, triglyceride concentration, and risk of vascular
endothelial dysfunction [20, 21]. In our study, the fatty
acids were decreased in PPH-pre, this may be the warn-
ing signal for PPH. Most importantly is that we may also
give the pregnant women w-3 fatty acids supplemental
diet for prevent PPH.

Phospholipids are hydrolyzed to produce lysophos-
pholipids and free fatty acids. Lysophospholipids exists
in biological fluids and plays an important role in cell
proliferation, migration and survival [22, 23]. Lysophos-

611



Ginekologia Polska 2019, vol. 90, no. 10

Glycerophospholipid metabolism

<
<
L
(3]
o D-Glutamine and D-glutamate metabolism
™ inoleic acigal Purine metabplism
metaboli Citrate cycle (TCA |
3
n
g «~
T

Vitamip B6 metabolism

Qi
~

Glycine, serine and threonine metabolism
1
= -
O
[
0.00 0.02 0.04 0.06 0.08 0.10

Pathway Impact

Figure 3. Summary of the pathway analysis of biomarkers of Primary Postpartum haemorrhage

Table 2. Summary of Biomarkers Function Analysis

Myo-inositol Biosynthesis

Urate Biosynthesis

Guanosine Nucleotides Degradation
Maturity Onset Diabetes of signaling

Adenosine Nucleotides Degradation

7.74e-04
1.89%e-03
1.89e-03
2.15e-03
2.32e-03

11.1%,1/9
4.5%, 1/22
4.5%, 1/22
4%, 1/25

3.7%, 1/27

Connective Tissue Disorder
Developmental Disorder
Hematological Diseases
Hereditary Disorder
Inflammatory Diseases

6.02e-04-8.6e-05

8.60e-05-8.60e-05
3.78e-02-8.60e-05
8.60e-05-8.60e-05
1.21e-02-8.60e-05

1
1
1
1
1

Free Radical Scavenging
Lipid metabolism

Small molecule biochemistry
Cellular Movement

Cell death and survival

8.58e-03-6.57e-05
1.22e-02-1.26e-04
3.98e-02-1.26e-04
2.08e-02-1.72e-04
2.92e-02-2.58e-04

2
2
2
1
1

APOAT1, ASB7, cholesterol sulfate, COL4A1, Collagentype VII, CPB2, CPN1, F13A1, F13B, factor
XIll, FGA, FGB, FGG, Fibrin, Fibrinogen, glycosylphosphatidylinositol, GPLD1, HDL, Hmgn3,
HSPG2, ITIH4, LAMA3, LAMB3, LPA, miR-18a-5p (and other miRNAs w/seed AAGGUGC), NID1,
P38 MAPK,PDGF-DD, Pzp, SERPINF2, Stat3-Stat3, Tgf beta, TGFB1, TLL1, TLL2

ABCB4, ACOX1, AIRE, C1QA, choline, CKMT1A/CKMT1B, CXCR6, CYCS,D-glucose, FST, FTL, G6PC,
2 Gm15807/Hmgn5, GPD1, Hbb-b2,Hmgn3, IFNG, IL16, LAMA4, LAMB2, LTB, MAFK, Mbl1, MLXIPL, 9
Mup1(includes others), NR112, NRF1, PEPCK, PLAC8, RETNLB, RORA, RORC, SCD, SMARCB1, TP53

27
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Table 3. Pathway analysis of biomarkers of Primary Postpartum haemorrhage

Pathway Name Match Status
Glycerophospholipid metabolism 2/39
D-Glutamine and D-glutamate metabolism /1
Purine metabolism 2/92
Linoleic acid metabolism 1/15
Citrate cycle (TCA cycle) 1/20
Alanine, aspartate and glutamate metabolism 1/24
Sphingolipid metabolism 1/25
Valine, leucine and isoleucine biosynthesis 1/27
alpha-Linolenic acid metabolism 1/29
Lysine biosynthesis 1/32
Vitamin B6 metabolism 1/32
Inositol phosphate metabolism 1/39
Butanoate metabolism 1/40
Histidine metabolism 1/44
Ascorbate and aldarate metabolism 1/45
Glycine, serine and threonine metabolism 1/48
Glyoxylate and dicarboxylate metabolism 1/50
Starch and sucrose metabolism 1/50
Pyrimidine metabolism 1/60
Arachidonic acid metabolism 1/62
Aminoacyl-tRNA biosynthesis 1/75

phatidylcholine (LPC) is a bioactive lysophospholipids,
mainly produced by the action of phospholipase A2 (PLA2)
enzyme on the plasma membrane. After cell uptake, the
free LPC reaction produces PC or deacylation to produce
FA and choline. These endogenous lysophosphatidates
regulate the PPAR gamma function required for vascular
wall pathology and metabolic related diseases. The imbal-
ance of PPAR gamma can induce cell function changes,
including ROS production, NOS and cytokines expression.
In our study, the level of PCs, PSs, Pls were decreased in the
PPHand the lysoPCs were increased in the PPH, in which
the latter may be cause the coagulation dysfunction in the
PPH. According to our study, it may be useful to monitor
the changes of lipids to assess the risk of PPH, especially
for the lysoPCs.

Although the occurrence of PPH is associated with
avariety of causes, in most cases, PPH is caused by bleeding
from the site of the placenta, which is caused by uterine
inertia [24, 25]. Due to high uterine artery blood flow at
the end of pregnancy, uterine inertia can lead to severe
bleeding.The PPH stepwise initiative management scheme
can improve the prognosis. So far, there is no unified con-
clusion about the pathogenesis of PPH. In addition, we
need to find markers for PPH risk prediction and find new

p -log(p) Holmp FDR Impact
0.012832  4.3558 1.0 0.9181 0.1037
0.049237  3.0111 1.0 0.9181 0.0
0.06351 2.7566 1.0 0.9181 0.01763
0.066588  2.7092 1.0 0.9181 0.0
0.087871  2.4319 1.0 0.9181 0.08577
0.10458 22578 1.0 0.9181 0.0
0.10871 2219 1.0 0.9181 0.00191
0.11693 2.1462 1.0 0.9181 0.0
0.12507 2.0789 1.0 0.9181 0.0
0.13716 1.9866 1.0 0.9181 0.0
0.13716 1.9866 1.0 0.9181 0.01914
0.16479 1.8031 1.0 0.9181 0.0
0.16867 1.7798 1.0 0.9181 0.0
0.18402 1.6927 1.0 0.9181 0.0
0.18782 1.6723 1.0 0.9181 0.0
0.19912 1.6139 1.0 0.9181 0.09661
0.20657 1.5771 1.0 0.9181 0.0
0.20657 1.5771 1.0 0.9181 3.1E-4
0.2429 1.4151 1.0 0.99993 0.0
0.24998 1.3864 1.0 0.99993 0.0
0.29457 1.2223 1.0 1.0 0.0

precise mechanisms. According to our pathway analysis
with IPA, these potential makers found in our study were
related to mTOR signaling, acute phase response sign-
aling, AMPK signaling and eNOS signaling, as shown in
Figure 4. These signaling pathways may provide guidance
for further studies on the pathogenesis of postpartum
hemorrhage.

CONCLUSIONS

In our study, we found the LysoPCs, PCs, PGs, Pls
were effective biomarkers for predicating PPH. The dis-
turbed signaling pathways, mTOR signaling, acute phase
response signaling, AMPK signaling and eNOS signaling
might be related to the etiopathogenesis of PPH. Our
study provided a valuable attempt to screen early di-
agnostic markers of PPH and to further understand its
pathogenesis.
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Ustawa z dnia 6 wrze$nia 2001 r. Prawo farmaceutyczne (Dz. U. z 2017 r. poz. 2211, z pdzn. zm.)




1l FORUM
GINEKOLOGII | PERINATOLOGII PRAKTYCZNE]J

STANDARDY POSTEPOWANIA
W POtOZNICTWIE | GINEKOLOGII

Przewodniczqgcy Komitetu Naukowego:
prof. dr hab. n. med. Piotr Sieroszewski

e T

tédz, 10-12 wrzesnia 2020 roku, Hotel DoubleTree b);Hi|ton

Zapraszamy serdecznie na naszego Facebookal
www.facebook.com/FGiPP

Szczegdly oraz rejestracja na stronie internetowe;:

& www.forumginekologii.viamedica.pl

Kontakt w sprawie uczestnictwa:

& forumginekologii@viamedica.pl . tel.: (58) 320 94 94

PATRONAT PARTNER PATRONAT MEDIALNY ORGANIZATOR
e
= M
= ikamed.pl d Lﬂj
= ikamed. p tvme oM

o~
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