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Editorial

Dear Colleagues,

J Turk Ger Gynecol Assoc is the official, scientific, open Access publication of the
Turkish-German Gynecological Education and Research Foundation that publishes
original studies on all aspects of gynecology since 2000. Here you may find the last
issue of 2016. With this latest issue, we published 17 manuscripts.

There are a lot to do in the future. First, we must attract good manuscripts. Then we
must process them quickly and publish the accepted ones as soon as possible. These
are the top eight reasons that we accept a paper as the editorial board:

1. It provides insight into an important issue — for example, by explaining the diagno-
sis treatment and total management of diseases effected women health.

2. The insight is useful to people who make decisions, particularly the physicians
who practices in the field.

3. The insight is used to develop a framework or theory, either a new theory or
advancing an existing one.

The insight stimulates new, important questions.

The methods used to explore the issue are appropriate (for example, data collection and analysis of data).

The methods used are applied rigorously and explain why and how the data support the conclusions.

Connections to prior work in the field or from other fields are made and serve to make the article’s arguments

clear.

The article tells a good story, meaning it is well written and easy to understand, the arguments are logical and

not internally contradictory.

4.
o.
6.
7.

g2

When examining improvement and development opportunities for our journal, we aim to enhance and augment
the evaluation process. We are sure that the most difficult element of peer review is finding reviewers who are
willing and able to evaluate a paper within a few weeks; yet this is such an integral slice of the journal’s day to day
running, as it helps to improve both the speed and quality of the peer review process. If you would like to contribute
to our journal as a reviewer, please do not hesitate to contact us.

Dear Readers, Dear Colleagues,

We are dealing with very interesting research articles and case reports in the latest issue. We worked hard to deliver
you the journal with the best manuscripts in time. In this issue, you will read several good papers from all over the
world, from Taiwan and Iran to Malta and Germany. The manuscript that is searching the association of maternal
serum levels of chemerin, retinol binding protein-4 (RBP-4), and visfatin with gestational diabetes mellitus (GDM)
is very interesting. You will read a very informative review from Germany, that introduces the robotic surgery in
Gynecology. Robotic surgery is the most dynamic development in the sector of minimally invasive operations cur-
rently. It should not be viewed as an alterna—tive to laparoscopy, but as the next step in a process of technological
evolution. Please also enjoy solving our challenging quiz.

[ would like to remind you that the archive of our journal starting from September 2009 issue has been indexed in
PubMed Central and available for online access. We are looking forward to receiving your valuable submissions
and thank you in advance for your contributions.

Sincerely,

Prof. Cihat Unlii, M.D.
Editor in Chief of J Turk Ger Gynecol Assoc
President of TAJEV
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176 Original Investigation

Salvage intraperitoneal chemotherapy for relapsed
type Il endometrial cancer: A pilot case-control study

Yi-Chen Tsai'?, Yen-Hou Chang'?, Yi-Chang'?, Chi-Mu Chuang"?
lInstitute of Clinical Medicine, National Yang-Ming University School of Medicine, Taipei, Taiwwan
2Section of Gynecologic Oncology, Department of Obstetrics and Gynecology, Taipei Veterans General Hospital, Taipei, Taitwan

Abstract

Objective: Epithelial ovarian cancer and relapsed type Il endometrial cancer share common characteristics. Although the role of intraperi-
toneal (IP) chemotherapy in the treatment of epithelial ovarian cancer has been well-established, its role in the treatment of relapsed type II
endometrial cancer remains to be elucidated.

Material and Methods: From January 2000 to December 2012, patients who were diagnosed with relapsed type Il endometrial cancer and
underwent secondary cytoreductive surgery, patients with residual tumors less than 1 cm in diameter were initially screened for this study. Of
the screened patients, consecutive patients who received salvage IP chemotherapy (IP platinum plus intravenous paclitaxel) were considered
the case group. The case study group was matched to a control group that was composed of patients who received salvage systemic chemo-
therapy (intravenous platinum plus intravenous paclitaxel) in a 1:2 ratio. The overall survival was compared between the case group and the
control group, and the IP treatment-related toxicities were reported.

Results: In total, 11 patients were assigned into the case group and 22 patients were assigned into the control group. The median overall
survival (95% confidence interval) was 40.5 (25.5-56.2) months for the case group versus 28.0 (18.0-37.0) for the control group (hazard ra-
tio=0.37 (95% confidence interval, 0.15-0.95); p=0.032, by the log-rank test). The most commonly observed toxicity was of gastrointestinal
origin (81.8%). Toxicities that stemmed from hematological, cardiovascular, neurological, and catheter-related complications were similar to
results published in other studies on IP chemotherapy for ovarian cancer.

Conclusion: Salvage IP chemotherapy may potentially confer a longer overall survival than conventional systemic chemotherapy in the treat-

ment of relapsed type Il endometrial cancer. (J Turk Ger Gynecol Assoc 2016; 17: 176-81)
Keywords: Intraperitoneal chemotherapy, type Il endometrial cancer, overall survival

Received: 4 May, 2016 Accepted: 3 September, 2016

Introduction

Type Il endometrial cancer with clear cell or papillary serous
histology exhibits distinct biological behavior from type I
endometrial cancer (1). This specific disease accounts for
only 10% of all endometrial cancer cases, but analysis of
historical data has shown a propensity for early extrauterine
tumor spreading and a worse prognosis (2, 3). To date, ran-
domized trials for this specific type of cancer are very rare
due to the relatively low disease incidence. As such, pub-
lished studies of adjuvant therapy are mainly extracted from
heterogeneously treated patients (4, 5).

Currently, the standard front-line treatment for type II endo-
metrial cancer includes surgical staging (or maximal deb-
ulking for the gross disease) and adjuvant chemotherapy,
which is similar to the treatment for epithelial ovarian cancer.
However, although treatment mechanisms for relapsed epi-
thelial ovarian cancer have been well established, specific
treatment for relapsed type II endometrial carcinoma has

yet to be defined due to the lack of randomized trials for this
relatively rare disease (6, 7).

The role of intraperitoneal (IP) chemotherapy in the treat-
ment of epithelial ovarian cancer has been well established
from published randomized trials (8-10). Nevertheless, three
ongoing large-scale randomized trials are being conducted
to examine the efficacy of carboplatin-based [P chemo-
therapy in the treatment of epithelial ovarian cancer (11, 12).
In contrast, only one study of IP chemotherapy as a front-line
therapy for type Il endometrial cancer has been published
thus far (13). Moreover, to the best of our knowledge, the role
of salvage IP chemotherapy for relapsed type Il endometrial
cancer has yet to be elucidated.

In this work, we conducted a case-control study to evalu-
ate the role of salvage IP chemotherapy for relapsed type II
endometrial cancer. Eleven patients who were diagnosed
with relapsed type Il endometrial cancer were presented with
peritoneal spread and received salvage IP chemotherapy after
secondary cytoreductive surgery; these patients constituted
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the case group. Concurrently, twenty-two patients with the same
diagnosis who received salvage systemic chemotherapy, consti-
tuted the control group. Both overall survival and instantaneous
hazard function were compared between the case group and
the control group. Additionally, IP treatment-related toxicities
were detailed.

Material and Methods

Study population

This study entailed a retrospective analysis of prospectively
collected data from an electronic health care database. Data
was obtained from consecutive patients who were diagnosed
with relapsed type Il endometrial cancer between January 2000
and December 2012. These patients also underwent second-
ary cytoreductive surgery for a residual tumor less than 1 cm.
Selection criteria for secondary cytoreductive surgery must
meet either of the following two criteria: (1) solitary tumor
recurrence and (2) diffuse intraperitoneal spreading without
evidence of bowel obstruction.

We selected patients who received salvage IP chemotherapy to
serve as the case group. Accordingly, each patient in the case
group was matched 1:2 to the control group, which was defined
as patients who received salvage intravenous chemotherapy
after secondary cytoreductive surgery for a residual tumor less
than 1 cm.

The institutional review board of Taipei Veterans General
Hospital, Taiwan approved the current study. The procedures
used in this study were conducted in accordance with the
guidelines of the Declaration of Helsinki as it pertains to human
subject experimentation (14).

Definition of secondary cytoreductive surgery

After a panel discussion that involved multidisciplinary care
providers, once secondary cytoreductive surgery was consid-
ered appropriate for patients diagnosed with a relapsed dis-
ease; they were informed about the possibility of a secondary
cytoreductive surgery. In cases when operation of the stomach,
bowel, liver, diaphragm, spleen, or pancreas were seemingly
necessary, consultation with an expert in the field of general
surgery was issued in advance. If the patient had undergone an
ostomy procedure, then a specific care team was consulted for
wound care service and ostomy education.

Surgery that was performed only to relieve symptoms (e.g.,
relief of bowel obstruction) and performed strictly for palliative
purposes (e.g., abscess drainage) or surgery within the context
of primary therapy (e.g., second-look laparotomy or interval
cytoreductive surgery) were excluded from the definition of
secondary cytoreductive surgery.

Definition of salvage chemotherapy for the case group and the
control group

The dosing schedules for the case group included IP delivery
of a platinum (cisplatin (Abiplatin®; TEVA pharmaceutical,
Petah Tikva, Israel) or carboplatin (Paraplatin®; Bristol-Myers
Squibb Co, Princeton, NJ, USA) agent. Dosing of cisplatin
(100 mg/m?) or carboplatin (either AUC 5 or 6) occurred in
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2 L of normal saline. This agent was administered via Tenck-
hoff catheters that were implanted during the secondary
cytoreductive surgery. Concurrently, intravenous delivery of
paclitaxel (Taxol®, Bristol-Myers Squibb Co.; Princeton, NJ,
USA) dosing at 175 mg/m? was administered the same day. In
summary, the case group received IP platinum plus intrave-
nous paclitaxel.

The dosing schedule for the control group consisted of intra-
venous delivery of a platinum agent, dosing at cisplatin (100
mg/m?) or carboplatin (either AUC 5 or 6), plus the intravenous
delivery of paclitaxel (175 mg/m?) on the same day. In sum-
mary, the control group received intravenous platinum plus
intravenous paclitaxel.

The dosing schedules for both the case group (i.e., salvage IP
chemotherapy) and the control group (i.e., salvage systemic
chemotherapy) were repeated every three weeks for a total of
six assigned cycles, provided that the serum creatinine concen-
tration was less than or equal to 2.0 mg/dL, the white-cell count
was higher than 3,000/mm?, and the platelet count was higher
than 80,000/mm?.

Safety evaluation

The effects of treatment-related toxicities were evaluated
according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI-CTCAE v4.0; http://ctep.cancer.
gov/). Toxicity profiles, such as fever for more than 3 days, as
well as hematological, cardiovascular, renal, and neurological
profiles were recorded. In addition, IP catheter-related com-
plications, including infection and obstruction, were also mea-
sured during the courses of treatment.

Statistical analysis

Continuous variables are presented as the mean (+standard
deviations) and were compared using the Student’s unpaired
t-test. Categorical variables are presented as counts and
percentages and were compared using the x? test when
appropriate (expected frequency>5). Tumor response was
evaluated at 1 month after completion of chemotherapy
using the RECIST criteria, version 1.1 (15). Overall survival is
defined from the date of the first diagnosis to the date of the
last follow-up or death. The date of last follow-up was set as
December 31, 2015. An analysis of survival was conducted
using the Kaplan-Meier method, and the survival of each
group was compared using the log-rank test. Moreover, the
hazard function, which is also called the instantaneous fail-
ure rate and force of mortality, was plotted for both the case
group and the control group (16).

All analyses were performed using STATA SE version 12 (Stata
Corp.; College Station, Texas, USA), and p<0.05 was consid-
ered statistically significant.

Results
Figure 1 depicts the process of case selection and matching.

Initially, ninety-seven patients were identified. After the first
round of screening, patients who met the defined criteria,
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Figure 1. Flow chart describing the screening process of included patients
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Figure 2. Kaplan-Meier overall survival for the case group (IP thera-
py) and the control group (systemic therapy)

including those with mixed tumors of endometrioid histology
(n=12), missing surgical records (n=1), and missing follow-up
data (n=4), were excluded. The remaining patients (n==82)
then entered a second round of screening. Those who met
the following defined criteria were also excluded: those with
other cancers (n=3), non-cancer specific deaths (n=2), no
recurrence (n=13), age <20 or >80 years, and treatment
with systemic chemotherapy (n=47). The remaining patients
formed the case group, which consisted of patients who were
diagnosed with relapsed type Il endometrial cancer and who
had residual tumors less than 1 cm in diameter; these patients

received IP chemotherapy after secondary cytoreductive sur-
gery. The case group was 1:2 matched to the control group,
which consisted of patients who were diagnosed with relapsed
type Il endometrial cancer and who had residual tumors less
than 1 cm in diameter; these patients received systemic che-
motherapy after secondary cytoreductive surgery.

Table 1 outlines the demographics and clinical characteris-
tics of the recruited patients (n=11) who received salvage IP
chemotherapy. Among these, nine patients (81.8%) were diag-
nosed with serous carcinoma, while the remaining two patients
were diagnosed with the clear cell subtype. A total of seven
patients (63.6%) completed the six assigned IP cycles. Most of
the reasons for the discontinuation of IP chemotherapy were
due to catheter obstruction.

Next, a Kaplan-Meier overall survival curve was constructed
for the case group and the control group. The median overall
survival (95% confidence interval) was 40.5 (25.5-56.2) months
for the case group versus 28.0 (18.0-37.0) for the control group
[hazard ratio=0.37 (0.15-0.95); p=0.032, by the log-rank test]
(Figure 2).

Figure 3 presents the hazard function for both the case con-
trol groups. The hazard rate shows a significantly higher and
steeper curve, which implies that patients in the control group
always faced a higher instantaneous risk of death than the case
group during the entire follow-up.

Lastly, grade 3 or 4 toxicities during IP chemotherapy were
tabulated (Table 2). The most commonly observed toxicity
was of gastrointestinal origin (81.8%). Toxicities that involved
hematological, cardiovascular, neurological, and catheter-
related complications were not different from those that were
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Table 1. Baseline demographics and clinical characteristics of patients receiving salvage IP chemotherapy (n=11)

ECOG
Case performance Presenting Completed Reason for Tumor
No. | Age | Histology score Tumor location symptoms cycles discontinuation | response
1 54 | Serous 1 Peritoneal spreading Ascites 6 NA Partial
2 61 Serous 0 Bowel, unspecified Fatigue 6 NA Partial
3 53 | Serous 1 Peritoneal spreading Bloating sensation 6 NA Complete
4 66 | Clear cell 0 Peritoneal spreading Ascites 4 Catheter Stable
obstruction
5 59 | Serous 1 Spleen metastases Poor appetite 6 NA Partial
6 71 | Serous 2 Peritoneal + liver surface Bloating sensation 3 Catheter Stable
spreading obstruction
7 67 | Clear cell 1 Peritoneal spreading Ascites 6 NA Progressed
8 75 | Serous 1 Peritoneal spreading Ascites 6 NA Stable
9 64 | Serous 1 Sigmoid colon + small bowel | Bloating sensation 6 NA Partial
10 71 Serous 1 Peritoneal spreading Bloating sensation 4 Catheter Stable
obstruction
11 62 | Serous 0 Bowel, unspecified Ascites 5 Catheter-induced | Complete
infection
IP: intraperitoneal; ECOG: Eastern Cooperative Oncology Group; NA: not applicable
Table 2. Patients experiencing grade 3 and 4 toxicity dur-
ing IP chemotherapy (n=11) N
Grade 3 | Grade4 | Overall - 7 — Caso group
! === Control group
Treatment-related fever 0 0 0 (0%) _ !
o ]
Neutrophil count 3 1 4 (36.4%) !
Anemia 1 0 1(9.1%) 5 3. /
= = !
Platelet 2 0 2 (18.2%) !
!
Gastrointestinal 8 1 9 (81.8%) Q /
b i
Cardiovascular 1 0 1(9.1%) /
Neurologic 4 1 5 (45.5%) 3. /
Renal 1 0 1 (91%) (I) 20 4|0 Glo glo
Catheter-related infection NA NA 2 (18.2%) analysis time
Catheter obstruction NA NA 1(9.1%)
IP: intraperitoneal; NA: not applicable Figure 3. Hazard curve for the case group (IP therapy) and the con-
trol group (systemic therapy)

published in reports of IP chemotherapy for ovarian cancer
(8-10).

Discussion

In the current matched case-control study, we aimed to analyze
the efficacy of salvage IP chemotherapy for the treatment of
relapsed type Il endometrial cancer. Our data was in agreement
with the results of published randomized trials of IP chemo-
therapy for ovarian cancer, and show that salvage IP chemo-
therapy yields a significantly longer overall survival than salvage

systemic chemotherapy. Furthermore, the completion rate for
the six assigned IP cycles (7/11, 63.6%) and the toxicity profiles
were comparable to those in published IP randomized trials
for ovarian cancer. Taken together, salvage IP chemotherapy is
worthy of consideration as a potential novel therapy for patients
with relapsed type Il endometrial cancer.

Uterine clear cell carcinoma and uterine papillary serous car-
cinoma are subtypes of type Il endometrial cancer that show
aggressive biological behavior and a predilection for deep
myometrial invasion, lympho-vascular space invasion, and a
propensity for peritoneal spreading (17-19). Additionally, in
the setting of relapsed type Il endometrial cancer, peritoneal
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spreading is the major presenting symptom in the majority of
involved cases (18, 20). Thus, the peritoneal cavity provides a
sanctuary site for the development of local therapies (i.e., IP
chemotherapy).

Currently, no specific tailored treatment exists for relapsed type
II endometrial cancer due to the rarity of this disease. Still, the
current gold standard treatment for relapsed type Il endometrial
cancer is the same as that for relapsed type | endometrial cancer,
which is based on a series of published phase Ill randomized trials
that focused on the efficacy of chemotherapy (7, 21-25). However,
given the apparent differences in clinical behavior between type I
and type Il endometrial cancers, it has been suggested that treat-
ments should be tailored according to the histologic type. To date,
potential chemotherapy regimens for relapsed type Il endometrial
cancer include cisplatin, cyclophosphamide, topotecan, doxoru-
bicin, and pegylated liposomal doxorubicin (26). Furthermore,
patients with relapsed type Il endometrial cancer are unlikely
to be successfully treated with surgery or radiation as salvage
treatments, and demonstrate a less favorable response rate to
chemotherapy than patients with endometrioid cancer (27). As
such, the development of novel treatment modalities for relapsed
type Il endometrial cancer is imperative.

In addition to the established role of IP chemotherapy in the treat-
ment of epithelial ovarian cancer, according to published random-
ized trials, [P chemotherapy even shows long-term survival ben-
efits that extend beyond 10 years. The long-term survival benefits
may encourage more clinicians to adopt IP chemotherapy in their
communities (28). Nonetheless, according to a recent repott, the
adoption of IP chemotherapy is an underused strategy for eligible
patients in general, and the integration of IP chemotherapy into
clinical practice varies significantly among institutions (29). Thus,
the implementation of IP chemotherapy merits further education
and encouragement for gynecologic oncologists.

The current study has two primary advantages. First, the cur-
rent study adopted IP delivery of platinum plus intravenous
delivery of paclitaxel, whereas a previous study adopted IP
delivery of platinum plus intravenous delivery of doxorubicin
and cyclophosphamide (13). Apparently, the regimen used in
the current study is favorable with respect to modern practices
for endometrial cancer treatment. Second, aside from epithelial
ovarian cancer, the current study found that IP chemotherapy is
potentially feasible and useful in the treatment of relapsed type
Il endometrial cancer.

Some limitations of our study should be emphasized. First, we
acknowledge the lack of some important patient-level informa-
tion in the current work. For example, socioeconomic factor has
been linked to cancer mortality, and the lack of this information
may lead to biased results (30). Second, follow-up protocols
after secondary cytoreductive surgery were not strictly defined
(e.g., frequency of image study), which means that the exact
timing of the relapse was in doubt. Third, because the current
study is essentially a retrospective study, many factors relevant
in the front-line treatment setting were not as strictly controlled
as for those in a randomized trial. As such, the results of overall
survival may have been prone to major bias. Lastly, the sample
size in the platinum-refractory/resistant group is relatively small,
which may have affected the validity of the conclusion.
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In conclusion, this matched case-control study reveals that
salvage IP chemotherapy may potentially confer longer overall
survival than conventional systemic chemotherapy in the treat-
ment of relapsed type Il endometrial cancer. Moreover, salvage
IP chemotherapy is associated with comparable [P-related tox-
icities compared with those of previously published randomized
trials for epithelial ovarian cancer. This study may widen the
application of IP chemotherapy, but a prospective study with an
adequate sample size is still needed to validate its application.
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Abstract

Objective: We aimed to investigate the relationship between the level of maternal serum leptin and the occurrence of moderate preterm labor.
Material and Methods: This was a case control study conducted on pregnant women referred to Al- Zahra Hospital in Rasht, north of Iran in
2013. Cases included 30 moderate preterm delivering women and 30 control pregnant women with the same gestational age. The maternal
serum leptin was measured for each mother at the time of entering the study.

Results: The mean serum leptin in the control group (56.66 +34.18) was significantly higher than the preterm (33.65+16.70) group. There were
no significant differences between the groups in terms of body mass index and age. Logistic regression revealed that age and body mass index
did not have a significant relationship to moderate preterm birth. However, an increased leptin level as low as 1 microgram per liter was associ-
ated with the risk of moderate preterm birth incidence (OR: 0.973, CI: 0.948-0.997).

Conclusion: Higher levels of leptin in pregnant women are associated with a decreased risk of moderate preterm birth. Further investigations

are recommended with a larger sample size. (J Turk Ger Gynecol Assoc 2016; 17: 182-5)
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Introduction

Preterm birth is a serious health problem associated with
neonatal morbidity and mortality (1). Preterm birth is the
leading cause of neonatal mortality and the second preva-
lent cause of mortality in children aged less than 5 years
(2). Additionally, the rate of death by other causes, such as
neonatal infections, in preterm neonates are higher than
term neonates (3).

The World Health Organization defined preterm labor as live
birth before 37 weeks of gestation. Preterm birth is classified
to three subgroups as defined by gestational age: extremely
preterm (<28 weeks), very preterm (28-<32 weeks), and
moderate preterm (32-<37 completed weeks of gestation)
(4). Moderate preterm birth includes late preterm birth
(34-<37 completed weeks of gestation). The occurrence
of preterm birth was reported as 5-18%, worldwide. The
prevalence of preterm labor in Iran has been estimated to
be 10-15% of deliveries (4, 5). Recent strategies to avert pre-
term labor are used to prevent mechanisms that increase the
frequency and severity of uterine contractions (6). Although,

various tocolytic drugs are commonly used in this regard,
there is no consensus on which is best (7).

Leptin is a peptide and a tocolytic factor hormone. It is the prod-
uct of the ob gene with a 16 kda molecular weight, 167 amino
acids long, and a half-life of 25 (8-10). During pregnancy, leptin
is secreted from placental trophoblasts and enters from the pla-
centa to the fetal and maternal body. Leptin can have a signifi-
cant role on fetal growth and development, angiogenesis, and
hematopoiesis (8, 11). Leptin levels increase during pregnancy,
in which the lowest level can be assessed in the first trimester,
and the highest during the second trimester. A plateau is noted
in the third trimester of pregnancy (8, 12).

Results have shown that leptin can affect physiological pro-
cesses such as glucose metabolism and immune system
responses (9, 13, 14). Dotsch et al. (15) mentioned that the
mean leptin level in term neonates was 6-fold higher than
preterm neonates.

According to previous investigations, various factors, such as
maternal body mass index (BMI), maternal age, and smok-
ing cigarettes could influence the umbilical leptin levels (16).
Additionally, there was a linear relationship between leptin
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level and the body lipid content (17). Generally, obese pregnant
women had a lower risk of preterm birth and had a higher rate
of post term birth compared to normal weight mothers (18).
Laboratory studies indicated that the myometrium in obese
women had a lower ability to contract and this issue might be
caused by a higher level of leptin (10, 19).

As there are limited investigations on the level of leptin as a
predictor for preterm birth, most studies were cross-sectional
and they assessed leptin levels during birth. In this study, we
aimed to investigate the relationship between levels of mater-
nal serum leptin and the incidence of moderate preterm labor.

Material and Methods

Setting and patients

A case control study was conducted on pregnant women at Al
Zahra Hospital in Rasht, north of Iran in 2013. The study was
approved by the Ethical Committee of the Guilan University of
Medical Sciences (Number: 1920251601, Date: 7.13.2013), and
all participants provided written informed consent. The study
was a pilot study to understand the relationship of maternal
serum leptin levels and the incidence of moderate preterm
labor. The cases included 30 pregnant women at 30-34 weeks
of gestation without rupture of the membrane. They were hos-
pitalized with a diagnosis of moderate preterm labor (uterine
contractions with at least three centimeter dilation and 80%
effacement). The gestational age was estimated by ultrasound
reports (<20 weeks) and the date of the last menstrual period.
Women were excluded if they had known associating factors
such as multiple pregnancy, rupture of the membrane, known
vaginal infection, cervical incontinence (cervix length less than
30 millimeter as measured by ultrasound), and conditions affect-
ing leptin levels such as diabetes, polycystic ovarian syndrome
(PCOS, based on the Rotterdam criteria including menstrual dis-
orders, PCOS morphology, and hyperandrogenism), preeclamp-
sia (blood pressure=140/90 and proteinuria after 20 weeks of
gestation), corticosteroid therapy, and cytotoxic drug use.

For each case, a gestational age-matched control was included
in the study. The control group included pregnant women that
attended the hospital prenatal clinic for routine prenatal care at
30-34 weeks of gestation. They did not mention the symptoms
and signs of preterm delivery. If women in the control group
delivered before 34 weeks of gestational age, we would con-
sider them as a case and would find a control who matched, in
terms of gestational age, at the time of entering into the study. In
this study, we did not observe this type of participant in the con-
trol group. Data including leptin level, age, weight, height, BMI,
neonatal weight, and gestational age at delivery were collected.
Height was measured in standing position and weight was
measured with bare feet using a standard scale. The BMI was
calculated by dividing the weight (kg) by height (m?). Normal,
overweight, and obese mothers were identified based on BMI
values of <25, 25-30, and =30, respectively.

Leptin measurement

Five cc blood samples were drawn from each participant and
were sent to the specific laboratory at 30-34 weeks of gesta-
tion. A specific human leptin LBN kit (LDN, Germany) using the

Fakor et al.
Maternal serum leptin and preterm labor 1 83

enzyme-linked immunosorbent assay (ELISA) method was used
to measure serum leptin levels. The measurement was per-
formed based on the manufacturers’ instruction. All blood sam-
ples were drawn and analyzed in one pre-specified laboratory.

Statistical analysis

Statistical analysis was done using SPSS software version 21.0
(IBM corp.; Armonk, NY, USA). Data was reported as mean
and standard deviation. The independent t test was used for
comparing means between the two groups. Multiple logistic
regression analysis was applied to investigate the predicting
effect of leptin level on incidence of preterm delivery. P values
less than 0.05 were considered statistically significant and a 95%
confidence interval was noted.

Results

The mean age in the case group (27.83+5.89) was higher than
the control group (25.33+4.66), but the difference was not
statistically significant (p=0.074). In the control group, BMI
(p=0.017), gestational age at delivery (p=0.0001), and neonatal
weight (p=0.028) were significantly higher than the case group.
None of the women were smokers. The mean level of leptin in
the control group (56.66+34.18) was significantly higher than
the case group (33.65+16.70) (p=0.002), as shown in Table 1.

Logistic regression revealed that age and BMI did not have a
significant relationship to preterm birth incidence. However,
increasing the leptin level to 1 microgram per liter could
decrease the risk of moderate preterm birth by 2.7% (Table 2).

Discussion

According to the results, a higher level of leptin in pregnant
women could decrease the risk of birth before 34 weeks of

Table 1. Comparing demographic/reproductive character-
istics between the case and control groups

Case group Control group p

Variables (n=30) n=30) (t test)
Age (year) 27.83+5.89 25.33+4.66 0.074
Body Mass Index (kg/m?)| 27.59+5.78 31.10+5.28 | 0.017
Gestational age at 32.19+1.13 36.24+2.21 | 0.0001
delivery (week)

Neonatal weight (gr) 2293.47+813.51| 2724.83+664.86 | 0.028
Leptin level (ug/L) 33.65+16.70 56.66+34.18 | 0.002

Table 2. Logistic regression analysis to reveal the effects of
maternal age, BMI, and leptin level on moderate preterm
birth incidence

Variables OR (95% Confidence Interval) | p
Age (year) 1.093 (0.975-1.225) 0.127
Body Mass Index (kg/m?) 0.919 (0.820-1.030) 0.146
Leptin level (ug/L) 0.973 (0.948-0.997) 0.031
OR: odds ratio
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gestation. In this study, maternal age and BMI did not have
significant effects on the risk of moderate preterm delivery.
Leptin might change the pregnancy outcome by affecting the
cytokines balance in the feto-placental unit. Furthermore, leptin
could affect the activity of cytotrophoblast (20) and, by angio-
genic activity, might affect placental growth (21). Some of the
previous studies have shown the effect of leptin on myometrial
contractions. Wuntakal et al. (10) assessed myometrial biopsies
in obese women. They mentioned that access to the leptin had
a protecting effect on induced myometrial contraction. They
found leptin as a cause for dysfunctional labor in obese women,
which led to a higher rate of cesarean section. They recom-
mended it as a tocolytic factor that could prevent preterm birth
(10). Moynihan et al. (19) assessed 18 pregnant women who
underwent cesarean section after oxytocin induction. They
exposed mothers to leptin and observed a decreased frequency
and severity of contractions. They also reported the protecting
effect of leptin on myometrial contractions (19). Laird et al.
(22) assessed 53 women with a history of repeated spontane-
ous abortion at 5-6 and 7-8 weeks of gestation. Among them,
23 abortions, 23 term delivery, and 7 preterm births were
noted. Results showed that, in both periods of assessing leptin,
women with term delivery had significantly higher levels of
leptin compared to women with spontaneous abortion. While
slightly higher leptin was noted in term deliveries, no significant
difference was noted between preterm and term groups, which
might be because of the limited sample size of the preterm
group. They mentioned that age and BMI had no significant
effect on preterm birth, but the level of leptin could be a pre-
dictor for preterm birth (22). Shroff et al. (23) studied 1304
pregnant women in 16-27 weeks of gestation. They mentioned
that maternal leptin level in term appropriate-for-gestational
age infants was significantly higher than in preterm appropriate-
for-gestational age infants and small for gestational age infants.
This difference was noted even after controlling pre-pregnancy
BMI, blood pressure disorders, and diabetes (23).

Furthermore, Palchevska et al. (24) indicated that leptin levels
in 110 term neonates were higher than preterm neonates (24).
Laivuori et al. (25) study on women with pre-eclampsia showed
that leptin levels in pre-eclamptic women with term delivery
was higher than pre-eclamptic women with preterm delivery
and normal healthy women with term and preterm deliveries.
Also, higher leptin levels were noted in term deliveries com-
pared to preterm deliveries (25).

Limitations

In this study, we only assessed maternal leptin levels. It seems
that leptin is a biomarker affecting preterm labor. The leptin lev-
els in the case group were measured at a time near the delivery,
which can affect our findings. Also, many socio-economic fac-
tors that can affect preterm delivery were not assessed.

In conclusion, a higher level of leptin can decrease the risk of
moderate preterm birth. As leptin is secreted from lipid cells,
it seems that short-term use (24 h) of leptin for postponing
delivery does not have severe complications on the mothers
or the fetus. Distinguishing the mechanism of tocolytic agents
is recommended before they are applied and further investiga-
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tions are recommended to assess leptin safety and efficacy on
the prevention of preterm birth.
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Abstract

Objective: To investigate the association of maternal serum levels of chemerin, retinol binding protein-4 (RBP-4), and visfatin with gestational
diabetes mellitus (GDM).

Material and Methods: 158 pregnant women were screened between 24 and 28 weeks of gestation. They were divided into two groups:
GDM group (n=76) and control group (n=82). Maternal serum concentrations of chemerin, RBP-4, visfatin, insulin, and homeostasis model
assessment-insulin resistance (HOMA-IR) were assessed.

Results: There were no differences in age and gestational age between the GDM group and the control group (p=0.058 and p=0.820, respec-
tively). Body mass index (BMI) at 24 to 28 weeks of gestation was higher in the GDM group (p<0.001). The serum concentrations of RBP-4,
chemerin, and visfatin did not demonstrate significant differences between the GDM and control groups (p=0.871, p=0.100, and p=0.886,
respectively). Significant differences in serum level of insulin and HOMA-IR were found between the GDM and control groups (14.94 vs 9.87,
p<0.001 and 3.73 vs 1.77, p<0.001, respectively). Correlation analyses of chemerin, RBP-4, visfatin, insulin, and HOMA-IR in both groups re-
vealed a weak degree of positive correlation between RBP-4 and chemerin (Spearman r=0.251, p=0.026) and a strong positive correlation
between maternal insulin and HOMA (Spearman r=0.868, p<0.001).

Conclusion: No differences were found in serum chemerin, RBP-4, and visfatin between pregnant women with GDM and healthy pregnant
women. Further prospective studies will be essential to elucidate the contribution of adipokines to GDM and the positive correlation between

maternal RBP-4 and chemerin. (J Turk Ger Gynecol Assoc 2016; 17: 186-90)
Keywords: Chemerin, retinol binding protein-4, visfatin, gestational diabetes
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Introduction

Important alterations in maternal metabolism and increased
insulin resistance coincide with the progressive accumulation
of adiposity during the course of normal pregnancy. Insulin
resistance shows an increase in the late second trimester to
levels that are observed in type 2 diabetes mellitus (T2DM)
(1). Most pregnant women remain normoglycemic due to
adequate beta-cell compensation for this higher insulin secre-
tion. When the beta-cell compensation for insulin resistance
and hepatic glucose production is inadequate, gestational
diabetes mellitus (GDM) ultimately develops (1). Moreover,
10% to 50% of GDM cases are reported to develop T2DM in
the postpartum period (2).

Gestational diabetes mellitus is defined as a condition of car-
bohydrate intolerance with onset or first recognition during
pregnancy (3). The American Diabetes Association states that
the incidence of GDM is between 1% and 14%, and it compli-
cates almost 7% of pregnancies (4). GDM carries numerous
risks for mothers, fetuses, and even offspring. GDM causes
vascular and obstetric complications, including diabetic

nephropathy, retinopathy, macrosomia, increased operative
deliveries, and unexplained fetal demise. Neonatal complica-
tions, such as hypoglycemia, hypocalcemia, jaundice, respi-
ratory distress syndrome, and cardiomyopathy, are also more
prevalent. Offspring born to women with diabetes have a 1%
to 3% risk of cardiovascular and metabolic disorders (2, 5).
Maternal adiposity is an important, modifiable risk factor
for the development of GDM (6). Adipose tissue is not only
involved in energy storage, but also functions as an active
endocrine organ (7). Recent evidence supports the crucial
roles of specific hormones and adipokines (i.e., cytokines)
secreted by adipose tissue. Among those identified to date
are adiponectin, leptin, resistin, tumor necrosis factor alpha
(TNF-alpha), progranulin, omentin, chemerin, retinol binding
protein-4 (RBP-4), and visfatin.

Although adipokine chemerin has conventionally been asso-
ciated with regulation of adaptive and innate immunity, it also
induces insulin resistance and impairs glucose tolerance.
Chemerin is a novel adipokine that is secreted by various
tissues, especially white adipose tissue; it regulates insulin
sensitivity in adipocytes and skeletal muscle (8, 9). Increased
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levels of chemerin are detected in obesity and are associated
with multiple components of metabolic syndromes, including
body mass index (BMI), triglycerides, high density choles-
terol, hypertension, inflammation, and markers of liver pathol-
ogy (10). Chemerin is also expressed in human placenta (11).
Serum levels of chemerin correlate significantly with systemic
markers of inflammation, such as TNF-alpha, interleukin 6,
and C-reactive protein (12). Overall, these findings suggest that
chemerin levels are related to adiposity and glucose metabo-
lism. They also represent a possible link between obesity and
the development of GDM.

Retinol binding protein-4 is a blood carrier protein for reti-
nol that is synthesized in hepatocytes and adipocytes (13).
Increased levels of RBP-4 have been demonstrated in several
metabolic conditions, including obesity, insulin resistance, poly-
cystic ovary syndrome, and cardiovascular disease (14). Also,
RBP-4 is believed to induce expression of enzymes involved in
gluconeogenesis in hepatocytes and to impair insulin signaling
pathways in skeletal muscle (15).

Visfatin is predominantly secreted by visceral tissue; how-
ever, it is also found in skeletal muscle, liver, bone marrow,
lymphocytes, and placenta (16). Visfatin promotes adipogen-
esis and exerts insulin-mimetic effects (17). It also upregulates
production of proinflammatory cytokines by monocytes (18).
Circulating levels of visfatin are increased in patients with type
1 and 2 DM and obesity (13, 19). However, the association of
visfatin with GDM is still unclear (20).

Only a few adipokines have been investigated with respect to
their involvement in GDM. Evidence in the existing literature
does not support clear roles of chemerin, RBP-4, and visfatin
in the prediction of GDM. In this study, we aimed to investigate
the association of maternal serum levels of chemerin, RBP-4,
visfatin, and insulin with GDM. Therefore, we performed a pro-
spective cross-sectional study in pregnant women with GDM
and with normal glucose tolerance.

Material and Methods

Study population

This cross-sectional study was conducted in the Obstetrics and
Gynecology Department of Hitit University between March 2015
and September 2015. The ethics committee of Ankara Numune
Hospital approved the study, which was in accordance with the
Declaration of Helsinki, 2013 Brazil version (20796219-724.131).
All participants gave written informed consent for the study.
The patients were 18 to 35 years of age and had singleton
pregnancies. Pregnant women who presented themselves to
our obstetrics department were screened between 24 and 28
weeks of gestation for GDM according to the recommendations
of the American College of Obstetricians and Gynecologists
(ACOG) (24). Briefly, all pregnant women in the low risk group
were evaluated with a 50-g glucose challenge test (GCT).
Women with serum glucose =140 mg/dL at 1 h after GCT were
subjected to a 100-g oral glucose tolerance test (OGTT). Serum
glucose concentrations were measured at 0, 1, 2, and 3 h after
glucose ingestion. The diagnosis of GDM was based on the
criteria of Carpenter and Couston, in which, after a 100-g oral
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glucose load, 2 or more of the following plasma values must be
obtained: fasting =95 mg/dL, 1h =180 mg/dL, 2h =155 mg/d L,
and 3h =140 mg/dL (21). The estimation of pregnancy duration
was based on routine ultrasonographic examination performed
in the first trimester. BMI was calculated using pregnancy
weight and height, which were recorded at the time of blood
sampling. The exclusion criteria were as follows: (1) smoking,
(2) a history of diabetes mellitus and/or GDM, (3) a history of
chronic disease, (4) a history of congenital malformation, (5)
a family history of DM. A total of 158 pregnant women met the
inclusion criteria and were divided into two groups: 76 were in
the GDM group, and 82 were in the control group. The demo-
graphic characteristics and biochemical parameters of the
study population, including age, BMI, and gestational age, were
recorded in the second trimester.

Assays

Blood samples for adipokines and insulin were obtained
from the antecubital vein after overnight fasting between
8:00 A.M. and 10:00 A.M. The samples for adipokines and
insulin were centrifuged (1500 g for 25 min), and the serum
was immediately stored at -80 °C until analysis. Serum glu-
cose was determined daily using the glucose hexokinase
method (Siemens Healthcare Diagnostic Limited; Camberley,
UK). The serum chemerin concentration was measured by
the enzyme-linked immunosorbent assay (ELISA) method
(Biovendor, Biovendor-Laboratomi Medicina; Brno, Czech
Republic). Serum RBP-4 concentration was determined by
ELISA (Immundiagnostik, Immundiagnostik AG; Bensheim,
Germany). Serum visfatin level was also determined by ELISA
(Cusabio, Cusabio Biotech Co. Ltd.; Hubei, China). Serum
insulin concentration was measured by chemiluminescence
assay (Advia Centaur, Siemens Medical Solutions Diagnostics;
Tarrytown, USA). Homeostasis model assessment-insulin
resistance (HOMA-IR) was calculated using the following
formula: Plasma glucose (mg/dL)Xfasting plasma insulin
(IUmg/L) in the fasting state divided by 405 (22).

Statistical analysis

Data were analyzed using SPSS (Statistical Package for the
Social Sciences) software version 21 (IBM Corp.; Armonk, NY,
USA). Continuous variables were first evaluated for normality of
statistical distribution by the Shapiro-Wilk test. As the continu-
ous variables were not normally distributed, a non-parametric
method (Mann-Whitney U test) was used to perform the sta-
tistical analysis. Descriptive statistics were expressed as the
median (minimum-maximum) and number (percentage %).
Spearman correlation tests were used to determine the correla-
tions of continuous variables. P values <0.05 were considered
to be significant in all comparisons.

Results

The maternal demographic characteristics and biochemical
parameters of the study participants are summarized in Table
1; all continuous variables are given as the median (minimurm-
maximum). There were no differences in age and gestational
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Table 1. Comparison of maternal demographic characteris-
tics and biochemical parameters in the gestational diabetes
mellitus (GDM) and control groups

GDM group Control group )
Number 76 (48.1%) 82 (51.9%)
Maternal age (years) 29 (19-35) 26 (18-35) 0.058
Gestational age 26.5 (24-28) 25 (24-28) 0.820
(weeks)
BMI (kg/m?) 33.25 26.43 0.000%*
(22.80-52.20) (19.10-47.00)
Chemerin (ng/mL) 3.64 (2.37-7.43) | 3.47(2.19-4.63) | 0.100
RBP-4 (mg/mL) 15.29 14.91 0.871
(10.08-19.63) (10.64-31.16)
Visfatin (ng/mL) 0.07 (0.03-0.44) | 0.07 (0.03-0.47) | 0.886
Insulin (mIU/mL) 14.94 (1.39-32.26) | 9.87 (3.53-23.98) | 0.000*
HOMA-IR 3.73(0.33-8.40) 1.77 (0.60-4.59) | 0.000*

BMI: body mass index; RBP-4: retinol binding protein-4; HOMA-IR: homeostasis model
assessment of insulin resistance

*p values indicate statistical significance (p<0.05).

Values are shown as median (minimum-maximum).

Table 2. Correlation analyses of data

Chemerin Visfatin Insulin | HOMA-IR

RBP-4 r 0.251 -0.071 -0.018 0.021

p 0.026* 0.534 0.873 0.854
Chemerin | r 0.192 0.196 0.161

p 0.090 0.083 0.155
Visfatin r 0.143 0.071

p 0.207 0.535
Insulin r 0.868

p 0.000*

RBP-4: retinol binding protein-4; HOMA-IR: homeostasis model
assessment of insulin resistance
*p values indicate statistical significance (p<0.05).

age at the time of the study between the GDM group and the
control group (p=0.058 and p=0.820, respectively). However,
the BMI of the GDM group was higher than that of the con-
trol group (p<0.001). The serum concentrations of RBP-4,
chemerin, and visfatin did not demonstrate significant differ-
ences between the groups (p=0.871, p=0.100, and p=0.886,
respectively). As expected, there were significant differences in
serum levels of insulin and HOMA between the GDM and con-
trol groups [14.94 (1.39-32.26) vs 9.87 (3.53-23.98, p<0.001 and
3.73 (0.33-8.43) vs 1.77 (0.6-4.59), p<0.001, respectively]. The
insulin levels and HOMA of the GDM group were significantly
higher than those of the control group. Correlation analyses of
chemerin, RBP-4, visfatin, insulin, and HOMA-IR in both groups
revealed a weak degree of positive correlation between mater-
nal RBP-4 and chemerin (Spearman r=0.251, p=0.026) and a
strong positive correlation between maternal insulin and HOMA
(Spearman r=0.868, p<0.001), as shown in Table 2.
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Discussion

Various adipokines contribute to diabetogenic resistance to
insulin, especially during the last half of pregnancy. This study
mainly focused on potential alterations of specific adipokine
concentrations (chemerin, RBP-4, and visfatin) in pregnant
women with GDM. Here, we demonstrate that there were no
significant differences in these adipokines between pregnant
women with GDM and healthy pregnant women in the second
trimester. However, the women with GDM were more likely to
be overweight compared to matched healthy controls.
Chemerin has been proposed to be an insulin-sensitizing
adipokine; its secretion has been demonstrated to increase,
presumably as a compensatory mechanism, in insulin-resistant
subjects (11). However, our results demonstrate the exact
opposite. Various studies have evaluated the correlation of
chemerin with clinical parameters in pregnant women. To
date, no study has precisely determined the predictive value
of chemerin concentration for risk of GDM. A recent study
from Germany reported that circulating levels of chemerin did
not show a significant difference between pregnant women
with GDM and healthy pregnant controls (1). Garces et al. (23)
found no significant association of insulin and HOMA levels
with chemerin, as did other independent studies (11, 24, 25).
We found similar results for chemerin in pregnant women
with GDM; however, other studies presented an association of
chemerin with insulin resistance in pregnancy (26, 27). Overall,
it appears that chemerin may not be useful in predicting GDM.
As previously outlined, inconsistent data has been published
concerning the association of RBP-4 with GDM. Some, but not
all, studies have proposed that RBP-4 is positively and inde-
pendently correlated with insulin resistance (28). Many studies
demonstrated increased RBP-4 concentrations in GDM (14, 29),
while others did not show a relationship of chemerin with GDM
or normal glucose tolerance, as in our study (30, 31). One study
even reported that RBP-4 concentration was decreased in GDM
(26). A study was conducted by Wdjcik et al. (13) concerning
the relationship between adipose tissue hormones and GDM.
This findings of this study conflicted with those in previous
reports.

In the present study, we also found that the visfatin levels of
pregnant women with and without GDM were not significantly
different. Current evidence regarding the association of visfatin
concentration with GDM is contradictory. Some studies demon-
strated increased serum levels of visfatin in women with GDM
(11, 32, 33), while others reported that visfatin concentrations
were significantly lower in women with GDM (34, 35). Contrary
to our study, Lewandowski et al. (32) and Akturk et al. (35)
reported a significant correlation between visfatin and HOMA.
It is presumed that this discrepancy may be related to differ-
ences in gestational duration at the time of sampling, the variety
of diagnostic criteria for GDM, or even racial differences (36).
Furthermore, Morgan et al. (37) suggested that visfatin may act
locally as a paracrine/autocrine agent and not as a hormone.
However, the exact mechanism remains unclear. In a study by
Rezvan, no correlation of visfatin was observed with insulin or
HOMA (38).
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Despite the high number of studies evaluating the role of adi-
pokines in GDM in the existing literature, interpretation of the
results is somewhat laborious for several reasons. First, the
diagnostic criteria for GDM vary greatly. Second, the gestational
age at the study times ranges from early first trimester to late
third trimester. Third, diverse assay methods may also cause
heterogenous results. Obesity is accompanied by altered secre-
tion of adipokines from adipose tissue (39, 40). Adipokine levels
are usually higher in obese women. Although we demonstrated
that pregnant women with GDM had higher BMI values than
healthy pregnant women, there were no differences in the lev-
els of the studied adipokines between the two groups. This may
be due to the regulation of various adipokines by pregnancy or
to insufficient matching of control and GDM patients for BMI.
Limitations in the present study that should be mentioned are
the relatively small number of participants in each group and the
assessment of maternal adipokines only in the second trimester.
Furthermore, we did not analyze adipokines during the pre-preg-
nancy period, during the course of pregnancy, and in the postpar-
tum period. Finally, power analysis was not performed due to the
limited financial resources of this study, which was supported by
the Scientific Research Unit of Hitit University.

In conclusion, despite these limitations, our study supports
that serum chemerin, RBP-4, and visfatin levels in pregnant
women with GDM do not differ from those of healthy pregnant
women. We suggest that long-term observations of adipokines
during pre-pregnancy, pregnancy, and postpartum periods
would increase our understanding of the pathogenesis of GDM.
Therefore, further prospective studies are essential to elucidate
the contribution of adipokines to GDM and the positive correla-
tion between maternal RBP-4 and chemerin.
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Furan toxicity on testes and protective role of
lycopene in diabetic rats

Ozlem Kara, Hatice Bas, Dilek Pandir
Department of Biology, Bozok University School of Arts and Science, Yozgat, Turkey

Abstract

Objective: Furan (C,H,0) is a heat-induced food contaminant that is utilized as an industrial chemical agent. Lycopene is a natural substance
that is produced by plants and tomatoes. We aimed to evaluate the toxicity of furan on testes and the protective effect of lycopene in diabetic rats.
Material and Methods: Male Wistar albino rats were divided into five groups: Group 1 (control group) received 1 mL/kg corn oil. Group 2
(diabetic control group) received 55 mg/kg STZ and 1 mL/kg corn oil. Group 3 (diabetic lycopene group) received 55 mg/kg STZ and 4 mg/kg
lycopene. Group 4 (diabetic furan group) received 55 mg/kg STZ and 40 mg/kg furan. Group 5 (diabetic furan + lycopene group) received 55
mg/kg STZ, 40 mg/kg furan, and 4 mg/kg lycopene. After 28 days, the testes were extirpated in all groups. In the testicular tissue samples, the
level of malondialdehyde (MDA) and the activities of catalase (CAT), glutathione peroxidase (GPx), superoxide dismutase (SOD), and reducted
glutathione (GST) were studied. Serum follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone levels were measured.
Histopathologic examination was performed by light microscope.

Results: The MDA level and the activities of CAT, GPx, SOD, and GST were found to be higher in the furan group than in the control and diabetic
control groups (p<0.05). The MDA level and the activities of CAT, GPx, SOD, and GST were significantly lower in the furan + lycopene group
than in the furan group (p<0.05).

Conclusion: The low blood testosterone level in the rats who received furan suggested the presence of endocrinological defects and cellular

degenerative changes. Lycopene may be effective to reverse furan toxicity in diabetic rat testes. (J Turk Ger Gynecol Assoc 2016; 17: 191-6)
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Introduction

Furan is a chemical agent that is used in industry for the
production of organic compounds, herbicides, plastics, and
pharmaceuticals (1). Coffee, canned meats, sodium casein-
ate, nuts, hydrolyzed soy protein, and rape seed protein
are natural products that contain furan (2). However, furan
should be used with caution due to potential harmful effects
on adipose tissue, liver, and kidneys (3). Polychlorinated
dibenzofurans accumulate in human fat tissue; if the critical
range is exceeded, water enters the cells. This event leads
to an increase in the production of reactive oxygen species
(ROS). ROS cause mutations in protein and DNA, lipid per-
oxidation in membranes, apoptosis, and damage to cellular
structures (4, 5).

The amount of oxygen is very low in the testes due to weak
vascularity. Therefore, oxidative stress can be detrimental
to spermatogenesis and steroidogenesis in testicular tissue.
Although the testes contain low levels of oxygen, they are sen-
sitive to oxidative stress because they contain large amounts
of unsaturated fatty acids and ROS-generating systems (6).
Cells produce antioxidants as protection from the harmful
effects of ROS. The actions of catalase (CAT), glutathione per-

oxidase (GPx), superoxide dismutase (SOD), and reducted
glutathione (GST) increase in testicular tissue due to oxidative
stress (7).

Lycopene is a natural substance that is found in fruits and veg-
etables such as tomatoes, carrots, strawberries, and cherries
(8). Structurally, it is a carotenoid derivative, and it acts as a
free-radical scavenger. Lycopene exhibits antioxidant activity
due to its long chain and conjugated double bonds (9). Coyne
et al. (10) reported increased lycopene levels in adults with
type 2 diabetes mellitus; this effect was found to be associ-
ated with decreased ROS levels. Li et al. (11) investigated
the effects of lycopene in diabetic patients. They found that
lycopene could be used in the prevention and treatment of
diabetic retinopathy. This is the first study demonstrating the
effects of furan toxicity on the testes. Therefore, we aimed to
assess the toxicity of furan and the protective effects of lyco-
pene in the testes of diabetic rats.

Material and Methods

35 male adult Wistar albino rats weighing 300 to 320 g
were obtained from the Experimental Animal Laboratory of
Cukurova University. The rats were inserted into special plas-
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tic cages and were fed with free access to both water and a
standard pellet diet. The study was approved by the Institutional
Ethics Committee of Cukurova University.

Chemicals

In this experimental study, three substances, including strep-
tozotosin (STZ), furan, and lycopene, were administered; all
chemicals used were obtained from Sigma. Furan and lyco-
pene were dissolved in corn oil before being administered to
the animals.

Implementation plan for animals

Chemicals were administered to the rats between 9:00 A.M. and
11:00 A.M. 55 mg/kg STZ was given to each rat by intraperitoneal
(ip) injection as a single dose. Two days later, the blood glycose
levels of the rats were measured. Rats with a glucose range of 300
mg/dL were accepted as diabetic. Furan was administered one
hour after lycopene administration. These two substances were
given to the rats by gavage once daily for 28 days.

Randomization

The animals were randomly allocated into groups. The random-
ization was performed using www.randomization.com. The
study crew did not know which animal was in which group.
The animals were divided into five groups.

Study design

Thirty-five male rats were divided into five groups: group 1 (con-
trol group) received 1 mL/kg corn oil. Group 2 (diabetic control
group) received 55 mg/kg STZ and 1 mL/kg corn oil. Group 3
(diabetic lycopene group) received 55 mg/kg STZ and 4 mg/
kg lycopene. Group 4 (diabetic furan group) received 55 mg/
kg STZ and 40 mg/kg furan. Group 5 (diabetic furan + lycopene
group) received 55 mg/kg STZ, 40 mg/kg furan, and 4 mg/kg
lycopene. After 28 days, the testes of the rats in all groups were
resected. In the testicular tissue samples, the level of MDA and
the activities of CAT, GPx, SOD, and GST were studied. Serum
follicle-stimulating hormone (FSH), luteinizing hormone (LH),
and testosterone levels were measured. Histopathologic exami-
nation was performed by light microscope.

Ketamine hydrochloride (100 mg/kg, Alfamine, Egevet; [zmir,
Turkey) and xylazin hydrochloride (10 mg/kg, Xylazinbio,
Intermed; Ankara, Turkey) were administered intraperitoneally
for anesthesia. All the rats were allowed to breathe throughout
the intervention. Ultimately, the testes were extirpated.

The testicular samples were treated with sodium phosphate
solution, and the tissues were maintained at —-80°C. The Aebi
method was used to measure CAT enzyme activity (12). The
Paglia and Valentine method was used to measure GPx activity
(13). The Marklund and Marklund method (14) was utilized to
measure SOD activity. The MDA level was assessed utilizing the
test described by Ohkawa et al. (15) GST activity was deter-
mined by the Habig test (16). Protein content was evaluated by
the Lowry method (17).

Histopathological examination
The testicular samples were maintained in 10% formalin solu-
tion for 1 day. Then, the tissues were dehydrated and fixed in
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paraffin. The thickness of the tissues was 5 to 6 um. The sec-
tions were stained with hematoxylin and eosin dye. The sec-
tions were analyzed and photographed with an Olympus BX 51
light microscope (Olympus Corp.; Tokyo, Japan).

The histopathological assessment was performed as follows:
grade 0, normal; grade I, no hemorrhage and no follicular
degeneration, no leukocyte infiltration, mild edema and con-
gestion; grade II, no hemorrhage and no follicular degenera-
tion, no leukocyte infiltration, moderate edema and congestion;
grade I, severe edema and congestion, hemorrhage, follicular
degeneration, and leukocyte infiltration.

Statistical analysis

The Statistical Package for the Social Sciences version 17.00
(SPSS Inc.; Chicago, IL, USA) was utilized for the statistical
analyses. The homogenity of the data was evaluated with the
Kolmogorov-Smirnov test. The Kruskal-Wallis test was used to
evaluate the tissue damage scores and biochemical markers.
p<0.05 was accepted as significant.

Results

Evaluation of biochemical parameters

There were significant differences between the control and
diabetic control groups in terms of MDA level and enzymatic
activities (Figure 1).

MDA level

The MDA level was higher in the diabetic control group than in
the control group (p<0.05). The MDA level was lower in group
3 than in group 2 (p<0.05). The MDA level was lower in group 5
than in group 4 (p<0.05) (Figure 1a).

SOD activity

SOD activity was higher in the diabetic furan group than in
the diabetic control group (p<0.05). SOD activity was lower in
group 5 than in group 4 (p<0.05) (Figure 1b).

CAT activity
CAT activity was greatly diminished in the diabetic furan +
lycopene group compared to the diabetic furan group (p<0.05)
(Figure 1c¢).

GPx activity
GPx activity was higher in group 4 than in group 2 (p<0.05). Group
5 had higher GPx activity than group 4 (p<0.05) (Figure 1d).

GST activity
GST activity was found to be lower in group 5 than in group 4
(p<0.05) (Figure 1e).

Effects of furan and lycopene treatment on plasma hormone
levels

Plasma FSH level

When plasma FSH levels were compared, a statistically sig-
nificant decrease was found in group 4 compared to group 5
(p<0.05).
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Figure 1. a-e. Comparison of the MDA level (a) and SOD (b), CAT (c), GPx (d), and GST activities in the testes of the control and experi-

mental groups.

Table 1. Mean hormone levels between control and experi-

mental groups

FSH LH Testosterone

Group (mlU/mL) | (mlU/mL) (ng/mL) P
Control 3.32+0.03 | 1.42+0.021| 4.04=+0.06* | 0.89
Diabetic control | 3.21+0.02 | 1.29+0.035| 3.93+0.02 | 0.57
Diabetic lycopene | 3.26+0.02 | 1.36+0.024| 3.85%0.04 | 0.13
Diabetic furan 2.67+£0.05%| 0.88+0.047* 2.81x0.03* |0.012
Diabetic furan + | 2.81+0.07 | 0.97+0.033| 2.96+0.08 | 0.94
lycopene

FSH: follicle-stimulating hormone; LH: luteinizing hormone
*Statistically significant.
aKruskal-Wallis test was used.

Plasma LH level

The lowest plasma LH level was in group 4; the addition of
lycopene minimally increased the plasma LH level, and this dif-

ference was found to be significant (p<0.05).

Plasma testosterone level

The plasma testosterone range was lower in group 4 than in

group 5 (p<0.05) (Table 1).

Evaluation of histopathological damage

The morphology of the testicular tissue was normal in the control
group (Figure 2a). After STZ administration, mild edema and vascu-
lar congestion were detected in the diabetic control group (Figure
2b). The tissue of the diabetic lycopene group showed mild edema
and detachments of the basal cells of the seminiferous tubules
(Figure 2c). In group 4, leukocyte infiltration and edema were
detected in the testicular stroma. Degeneration was observed in
the seminiferous tubules and germ cells (Figure 2d). Treatment
with lycopene reduced testicular tissue damage. No leukocyte
infiltration, edema, hemorrhage, or follicular degeneration was
observed in the diabetic furan + lycopene group (Figure 2e).

The histopathological assessment was performed as follows: grade
0, normal; grade I, no hemorrhage and no follicular degenera-
tion, no leukocyte infiltration, mild edema and congestion; grade
I, no hemorrhage and no follicular degeneration, no leukocyte
infiltration, moderate edema and congestion; grade IIl, severe
edema and congestion, hemorrhage, follicular degeneration, and
leukocyte infiltration. The testicular tissue damage scores in group
5 were lower than in group 4, and this difference was found to be
significant (p<0.05). The control and diabetic furan + lycopene
groups were the least-influenced groups; the damage scores and
biochemical values were superior in these groups (Table 2).
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Figure 2. a-e. Appearance of testes by light microscope. Control group (a), S: seminar tubul, I: interstitial space, x200. Diabetic control group (b),
(*) edema, (black arrow) separation in the basal cells of the seminiferous tubules. Diabetic lycopene group (c), (black arrow) separation in the
basal cells of the seminiferous tubules, (*) edema. Diabetic furan group (d), (black arrow) separation in the basal cells of the seminiferous tubules,
(#) degeneration, (>) basal cell loss in the seminiferous tubules. Diabetic furan + lycopene group (e), (*) edema, (black arrow) separation in the
basal cells of the seminiferous tubules

Discussion enzymatic activities of SOD, CAT, GPx, and GST appear to be

elevated with furan treatment. A decrease was detected in the
In this study, the toxicity of furan and the protective effect of MDA level and enzymatic activities after supplementation with
lycopene on the testes of diabetic rats were evaluated. The lycopene. Also, plasma FSH, LH, and testosterone levels were
results of this study demonstrate that tissue MDA levels and the  found to decrease when furan was administered. Lycopene
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Table 2. Distribution of histopathologic findings according
to the number of animals

Histopathological score
Group 0 I II 111
Control 6 - - -
Diabetic control -

W |

Diabetic lycopene 2

Diabetic furan - -

Diabetic furan + lycopene - -

addition appears to reverse the negative effects of furan on
testicular tissue. This is the first study describing the effects of
lycopene on diabetic rats treated with furan.

Furan is an important environmental contaminant with a het-
erocyclic structure. The toxic effects of furan are well known
from animal studies (1-3). Gill et al. (18) studied the toxic
effects of furan on the hepatocytes of rats. They found that furan
showed no adverse effects or hepatic toxicity at a dose of 0.03
mg/kg. However, we administered a furan dose of 40 mg/kg
in our study. Furan is mutagenic, and some tumors have been
demonstrated to be associated with furan usage (19, 20). Moser
etal. (21) reported that oxidative stress induced by furan in cells
causes an increase in ROS levels.

Studies have reported improvements in cellular and seminifer-
ous structures by elimination of obstructions due to testicular
artery ligation (22, 23). Oxidative stress can be detrimental
to spermatogenesis and steroidogenesis in Leydig cells (7).
Therefore, we believed that utilization of lycopene might pro-
tect testes from furan-induced toxicity.

Lycopene is an antioxidant that has been investigated for the
prevention and treatment of oxidative stress. It neutralizes free
radicals and has antioxidant properties (24). Lycopene has
been demonstrated to have protective effects against breast,
endometrium, and liver cancers (25). Oxidative stress due to
diabetes mellitus can lead to endotelial dysfunction. Li et al.
(11) showed that lycopene could repair vascular endothelial
damage in diabetic patients. Coyne et al. (10) reported that
lycopene and serum carotenoids could reverse the harmful
effects of type 2 diabetes mellitus. In our study, control and
diabetic control groups were compared in terms of antioxidant
enzyme activities. The enzyme activities were significantly
higher in the diabetic control group than in the control group. In
the diabetic lycopene group, antioxidant enzyme activities were
lower than in the diabetic control group. The light microscopic
findings and hormone levels, such as FSH, LH, and testoster-
one, indicated cellular degenerative changes.

Testicular tissue uses different antioxidant enzymes to protect
itself from damage by free radicals. These enzymes include
CAT, GPx, SOD, and GST (6). Therefore, we studied the tissue
MDA levels and the enzyme activities of CAT, GPx, SOD, and
GST to assess the oxidative damage due to furan and the pos-
sible protective effects of lycopene. According to our results, the
MDA level and CAT, GPx, SOD, and GST activities were found to
be higher in group 4 than group 1 and 2 (p<0.05). When plasma
FSH, LH, and testosterone levels were compared, they were
lower in group 4 than in the other groups (p<0.05).
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Although these findings are short term, the results could ulti-
mately be useful to protect the testes of diabetic rats from furan
toxicity. However, large-scale randomized studies are needed
to evaluate the protective effects of lycopene on furan damage
in the testis.
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Abstract

Objective: Repeated implantation failure (RIF) is a clinical entity affecting many couples undergoing assisted reproductive technology (ART).
Various intrauterine pathologies contribute to RIF. Nevertheless, vaginal sonography and hysterosalpingography, which are the common diag-
nostic tools for the initial follow-up, have limited sensitivities. In this context, we aimed to evaluate the impact of office hysteroscopy (oHS) on
live birth rates (LBRs) when performed prior to subsequent ART cycles in women with a history of RIF.

Material and Methods: The database of an assisted reproduction center was retrospectively reviewed to detect eligible cases. A total of 363
women out of 2875 admissions were consecutively included in the analysis, of which 119 formed the oHS group and 244 formed the non-oHS
group prior to a new ART cycle. Women in the oHS arm were examined during their early follicular phase via a vaginoscopic approach 1-6
months before the beginning of a new cycle. The standard in-vitro fertilization-intracytoplasmic sperm injection (IVF/ICSI) cycle was applied to
all the women.

Results: In the oHS group (n=119), 61 patients had intrauterine abnormalities, with an overall abnormality rate of 51.2%. Implantation, preg-
nancy, and LBRs of the groups were statistically similar. LBRs of the women with abnormal oHS findings (15/61, 24.5%), with normal oHS find-
ings (14/58, 24.1%), and without oHS (39/244, 16%) were statistically similar (p=0.41).

Conclusion: Unrecognized intrauterine pathologies can be easily detected and concurrently treated during oHS with high success rate. How-
ever, a beneficial impact depends on the extent of the pathology and thus, routine application to enhance reproductive outcomes is still not

warranted. (J Turk Ger Gynecol Assoc 2016; 17: 197-200)
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Introduction

Repeated implantation failure (RIF) is a distressing clinical
entity and refers to a situation when transferred embryo(s)
repeatedly fail to implant despite numerous attempts via
assisted reproductive technology (ART). Several uterine
pathologies, such as polyps, adhesions, septum, or myomas,
have been linked with poor reproductive outcomes when
detected prior to ART (1, 2). Such pathologies have been
reported in up to 50% of women with RIF, leading to sugges-
tions that corrections could improve reproductive outcomes
(3). Office hysteroscopy (oHS) is considered as the ‘“gold
standard” for assessment of the uterine cavity, which also
provides a chance for concurrently treating uterine patholo-
gies. Despite several advantages, the European Society of
Human Reproduction and Endocrinology does not recom-
mend routine oHS in women undergoing ART, unless there
is an apparent uterine pathology (4). Moreover, two recent
randomized controlled trials have failed to show any clear

benefit of this procedure either before the first IVF cycle or in
repeated failed cycles (5, 6).

The present study aimed to evaluate the incidence of unrec-
ognized uterine pathologies with oHS in women with RIF as
well as the impact of oHS on live birth rates (LBRs) when
performed prior to a new ART cycle.

Material and Methods

This is a retrospective cohort study of infertile patients who
were treated at a private fertility center between 2007 and
2014. As this study was retrospectively designed, institu-
tional review board approval was not obtained. RIF was
defined as two or more unsuccessful ART/embryo transfer
cycles despite the availability of good quality embryos (7).
According to the ART center’s policy, all women with a his-
tory of RIF were suggested to undergo an oHS procedure
preceding a new ovarian stimulation cycle despite normal
vaginal sonography (TVS) or hysterosalpingography (HSG).
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Subjects who underwent the procedure formed the oHS group,
whereas the remaining subjects formed the non-oHS group. All
included patients were between 18 and 40 years of age and had
follicle-stimulating hormone (FSH) levels of <15 IU/mL. The
exclusion critertia were 1) poor ovarian response according
to the Bologna criteria (8) or women with premature ovarian
failure; 2) male subjects with severe oligozoospermia, oligoas-
thenozoospermia, or azoospermia; 3) preimplantation genetic
screening and cryopreserved/thawed embryo transfer cycles;
4) women with confirmed endometriosis; 5) women with
hypothalamic amenorrhea; and 6) women who underwent
oHS more than 6 months prior to a new cycle.

Office hysteroscopy procedure

All patients were examined during their early follicular phase,
1-6 months before the start of a new ART cycle, via the vagino-
scopic approach as previously described (9). No routine pre-
operative analgesia, antibiotics, sedation, or cervical preparation
was used. Briefly, a rigid hysteroscope (continuous flow; 30° for-
ward oblique view) with an outer diameter of 4 mm using 0.9%
normal saline was used. Following adequate distension of the
uterine cavity, systematic inspection was performed. Standard
gynecologic surgical procedures were used to treat the recog-
nized pathologies, such as removing all polyps and adhesions. A
senior physician (R.P) performed all the procedures.

Ovarian stimulation protocol

All the couples were subjected to ICSI and all sperm injections
were performed with fresh specimens. One ART cycle of each
patient was included in the study. All the OS cycles were con-
ducted using the short antagonist protocol either with recombi-
nant (Gonal-F, Merck Serono; istanbul, Turkey) or with human
menopausal gonadotropins (Menogon, Ferring; istanbul, Turkey)
(150-300 IU/day s.c.). Ovarian stimulation, oocyte retrieval, and
embryo transfer procedures were performed as described else-
where (10). Top quality embryos were defined as those with =7
evenly sized cells and <10% fragmentation on day 3 and with
a =3 AA quality of blastocyst morphology on day 5. During the
study period, one embryo was transferred to patients aged <35
years, while two embryos were transferred for those =35 years,
in accordance with the local legislation. Embryo implantation
was defined as the proportion of women with an intrauterine
gestational sac on an ultrasound scan =4 weeks after embryo
transfer, with the rate calculated as the number of gestational
sacs divided by the number of embryos transferred. The miscar-
riage rate was defined as the proportion of women with preg-
nancy loss before 24 weeks of gestation. The pregnancy rate was
defined as the proportion of women with a positive quantitative
serum human chorionic gonadotropin test 12 days after embryo
transfer, while LBR was defined as the delivery of a live fetus
beyond 24 weeks of gestation after one ART cycle.

Statistical analysis

SPSS 22.0 statistical software (IBM Corp.; Armonk, NY, USA)
was used for data analysis. The values of the measurement
data are expressed herein as the mean+SD when applicable.
Between-group differences were compared using the inde-

J Turk Ger Gynecol Assoc 2016; 17: 197-200

pendent samples t-test. Classified information was statistically
analyzed using Pearson’s x? test, one-way analysis of variance,
and Fisher’s exact test. Statistical significance was defined as
p<0.05.

Results

A total of 440 RIF cases were detected out of 2875 admissions
during the study period, of which 366 met the inclusion criteria.
Among those, three women were excluded from the analysis
due to operative HS work out, and finally, 363 women were
consecutively selected for the analysis, of which 119 formed
the oHS group and 244 formed the non-oHS group. The time
interval between oHS and a new ART cycle was 1-6 months
and during this period, the procedure was the first and only one
performed for those in the oHS arm. There were no statistically
significant differences between the two groups with regard to
demographic properties, basal patient characteristics, and gen-
eral cycle outcomes, as shown in Table 1, 2, respectively.

In the oHS group (n=119), 61 patients had intrauterine abnormali-
ties, with an overall abnormality rate of 51.2%. The types and inci-
dence of abnormalities were mild intrauterine and cervical adhe-
sions (25/61, 40.9%), endometrial polyps (23/61, 37.7%), polypoid
endometrium (11/61, 18.1%), and arcuate uterus (2/61, 3.2%).
According to the reproductive outcomes, implantation, pregnancy,
and LBRs of the groups were statistically similar (Table 3). LBRs
of the women with abnormal oHS findings (15/61, 24.5%), nor-
mal oHS (14/58, 24.1%), and women without oHS (39/244, 16%)

Table 1. Basal patient characteristics of the groups

Variable oHS group | Non-HS group| p
Age (years) 30.7+5.3 31.93+44 |0.52
Duration of infertility (years) | 6.94+3.72 7.83£347 |0.39
AFC (in both ovaries) 8.3+3.0 8.66+2.43 |0.47
Number of previous ART 4.04=1.5 4.06=1.21 0.89
attempts

AFC: antral follicle count; ART: assisted reproductive technology; oHS:
office hysteroscopy; non-HS: non-hysteroscopy

Results are given in terms of the mean (£SD).

Table 2. Cycle characteristics of the groups

Variable oHS group |Non-HS group| p
Total gonadotropin dosage 2318+800 | 2556+941 |0.01%
)

Total stimulation days, n 10.92+1.92| 10.76=2.48 | 0.56
Peak endometrial echo (mm) | 11.4+1.8 10.6x1.4 0.46
No of retrieved oocytes, n 9.04+4.36 | 8.21+5.03 0.12
No of transferred embryos, n | 1.63+0.58 | 1.61x£0.62 | 0.70
Fertilization rate (%) 67.3+20.7 | 63.37+25.02 | 0.38

oHS: office hysteroscopy; non-HS: non-hysteroscopy
Results are given in terms of the mean (£SD).
*p<0.05.
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Table 3. Reproductive outcomes of the groups

oHS group Non-HS group

119 (244) p
Implantation rate (%) 22.39+39.86 18.70+36.57 | 0.38
Positive hCG, n (%) 41 (34.4) 63 (25.8) 0.08
LBR/ET, n (%) 29 (24.3) 39(15.9) 0.06
Miscarriages, n (%) 10 (8.4) 18 (7.3) 0.26
hCG: human chorionic gonadotropin; LBR: live birth rate; oHS: office
hysteroscopy; non-HS: non-hysteroscopy; ET: embryo transfer
Results are given in terms of the mean (+SD).

were statistically similar (p=0.41). There were no complica-
tions encountered during or after the procedure in women who
underwent oHS.

Discussion

According to our results, oHS prior to a new OS cycle does not
improve LBRs in women with RIF. A slightly higher LBR was
noted in the oHS group without reaching statistical significance.
In routine practice, TVS and HSG are the main tools to docu-
ment the uterine texture prior to ART; however, the diagnostic
accuracies of these are quite low with limited sensitivities and
specificities (11-14). Diagnostic limitation is likely to be more
prominent in those with a history of RIF, as the frequency of
unrecognized pathologies may be up to 50% (2, 15). In the study
by Gao et al. (16), nearly 80% of intrauterine abnormalities were
found to be undiagnosed with HSG or TVS in those with RIF.
This rate is approximately 50% in our data. As all the women in
the oHS arm underwent their first oHS procedure in our study,
the prevalence of abnormalities was considered to be relatively
high. It seems that a considerable number of RIF cases are
somehow misdiagnosed as having “normal” uterine texture for
a period of time, unless oHS is performed prior to a new cycle.
All the given data justify the need for oHS despite normal find-
ings on TVS or HSG in RIF cases.

One of the most beneficial impacts of oHS is the correc-
tion of specific uterine cavity abnormalities when detected.
Endometrial polyps and different degrees of adhesions are the
most common findings in women with RIF in the literature and
in our data as well (2, 17). Adhesions are likely to be unrec-
ognized with TVS during initial follow-up, and they should be
better removed when detected in order to maintain successful
implantation (18-20). Endometrial polyps are quite common
and have been shown to compromise pregnancies, depend-
ing on the size, by interfering with embryo implantation (21).
It has been shown that polypectomy prior to IVF, even for
small polyps (<2 cm), might improve the take-home baby
rate in patients undergoing IVF (22). Thus, the routine removal
of polyps prior to a new ART attempt is also suggested (21).
Despite previous data underlining the beneficial impact of cor-
recting unsuspected uterine cavity abnormalities, a very recent
TROPHY trial failed to demonstrate such an impact (5). This
might be explained with the fact that they identified cervical
or uterine cavity abnormalities only in 26% of women and two-
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thirds of those were not treated. In our data, apparent polyps
and adhesions were the most common findings, and 40% of the
women in the oHS group were treated.

It has been shown that the fertility-enhancing effect of oHS
could also be independent from the correction of intrauterine
abnormalities. Hysteroscopy has been proposed to improve
ART outcomes through an endometrial injury process leading
to embryo implantation (23, 24). The outcomes of the women
in the oHS arm without any pathologic findings being generally
more favorable compared to those without oHS in our data
is speculating this impact. In their meta-analysis, El-Toukhy
et al. (1) showed a significant improvement in the outcome
of the normal hysteroscopy subgroup compared to in con-
trols (RR=1.63, 95% CI 1.35-1.98, p<0.001). The time interval
between mechanical injury and ET is also speculative to influ-
ence pregnancy outcomes. In a recent meta-analysis, endome-
trial scratching (four studies) or oHS (three studies) was shown
to increase the CPRs of women with a history of RIF when
induced in the preceding cycle of OS (25). The same favorable
results have been reported when oHS was performed within 50
days (13) or even within 6 months prior to a new ART (16). On
the other hand, this impact is somehow questionable in light of
the recent conflicting evidence (5, 26). Further research is still
needed to optimize instrumentation and timing.

The limitations of this study are its retrospective design and lack
of power analysis. On the other hand, the complete data set was
from a single center and the same senior physician performed
all the oHS procedures, as this should better overcome inter-
observer discrepancies. In conclusion, unrecognized intrauter-
ine pathologies can be easily detected and concurrently treated
during the oHS procedure with high success rates. However,
the overall beneficial impact in terms of reproductive outcomes
seems depending on the extent of the pathology.
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Abstract

Objective: To compare the prevalence of various metabolic and cardiovascular risk factors and insulin resistance between polycystic ovary
syndrome (PCOS) patients with or without hyperandrogenism.

Material and Methods: This is a retrospective cross-sectional study involving women with PCOS as diagnosed according to the Androgen
Excess (AE) Society definition (n=504) and women with normoandrogenemic PCOS (n=183). Anthropometrics, lipid profile, glucose, insulin,
oral glucose tolerance test (OGTT), and reproductive hormone levels were evaluated.

Results: Women with PCOS diagnosed according to the AE Society had a significantly higher prevalence of metabolic syndrome compared with
the normoandrogenemic PCOS phenotype: odds ratio (OR) 2.95 [95% confidence interval (CI) 1.21-7.21]. There was no significant difference in the
prevalence glucose intolerance test between the groups [OR: 2.15, 95% CI 0.71-6.56]. The prevalence of low high density lipoprotein (HDL)-cho-
lesterol in the group under the AE-PCOS Society criteria was higher than that of the normoandrogenemic PCOS group [OR: 2.82, 95%CI 1.29-3.36].
Conclusion: The risks of metabolic syndrome and cardiovascular disease may vary among the phenotypes of PCOS based on the Rotterdam
criteria. This new data may be of reference in informing women with PCOS, although further prospective studies are needed to validate this

proposition. (J Turk Ger Gynecol Assoc 2016; 17: 201-8)
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Introduction

Polycystic ovary syndrome (PCOS) is a frequent endocrine
abnormality of women in the reproductive period, and is
related with infertility and menstrual irregularities (1, 2).
PCOS is a heterogeneous condition, presenting with hyper-
androgenism, polycystic ovarian morphology (POM), and
oligomenorrhea (3-5).

The etiology of PCOS is elusive, but its long-term implications,
including the risk of cardiovascular disease, type-2 diabetes
mellitus, and endometrial carcinoma, are well known (6-8).
However, PCOS is regarded as the most common endocrine
abnormality of women in the reproductive period; its pre-
dicted frequencies vary in the literature, ranging from 2.2%
to up to 26% (2, 9-12). A major reason for this variation is the
absence of a consensus on the diagnostic criteria. Opinions
differ on whether the presence of hyperanderogenism is an
absolute requirement for a diagnosis of PCOS. The same
holds true for the requirement of POM (13).

Chronologically, the National Institutes of Health (NIH)
proposed the first diagnostic criteria. The NIH criteria

required the combination of chronic oligo/anovulation and
clinical or biochemical evidence of hyperandrogenism,
with the exclusion of related disease (14). Subsequently,
the Rotterdam European Society of Human Reproduction
and the Embryology/American Society for Reproduction
Medicine (ESHRE/ASRM) Sponsored PCOS (Rott-PCOS)
Consensus Workshop group proposed the addition of POM
to the NIH criteria, with a statement that PCOS could be
diagnosed when any two of these three criteria were pres-
ent (13). More recently, the Androgen Excess Society (AES)
proposed new diagnostic criteria and stated that androgen
excess is the sine qua non of PCOS and the syndrome must
only be diagnosed in the presence of hyperanderogenism
in combination with oligo/anovulation and/or POM (15).
Compared to the recent AES criteria, the Rotterdam criteria
include an additional PCOS phenotype, comprising women
with POM and oligo/anovulation in the absence of androgen
excess. It is still unknown whether this new phenotype is
also related to long-term health risks, such as metabolic syn-
drome, insulin resistance, and obesity (13, 16). Diagnosing
normoandrogenemic women with PCOS has attracted
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criticism (15). Although the normoandrogenemic PCOS phe-
notype appears to be weakly associated with adverse repro-
ductive outcomes and metabolic syndrome compared with
hyperandrogenemic PCOS, some evidence suggests that
women with normoandrogenemic PCOS present with more
severe insulin resistance (IR) and dyslipidemia (17-19).
Whether women with only POM and oligo/amenorrhea bear
similar metabolic and cardiovascular risks as compared with
hyperandrogenemic women diagnosed with PCOS as per the
AES criteria remains to be determined. This study aims to com-
pare the prevalence of various metabolic and cardiovascular
risk factors and insulin resistance between women diagnosed
as PCOS with or without hyperandrogenism.

Material and Methods

This is a retrospective cohort study involving women who pre-
sented to our Gynecology Clinic between April 2011 and August
2012. The study protocol was approved by the Institutional Ethic
Committee.

J Turk Ger Gynecol Assoc 2016; 17: 201-8

Demographic features and medical information regarding men-
strual cycles, obstetric and gynecological history, and previous
medication and/or disease were collected from the medical
records. Body mass index (BMI) was calculated as body weight
(in kilograms) divided by height (in meters squared). The waist
to hip ratio (W/H) was calculated from dividing the waist cir-
cumference by the hip circumference.

A total of 1048 consecutive women diagnosed with PCOS were
analyzed. PCOS was diagnosed with regard to the Rotterdam
criteria, i.e., according to the existence of at least two of the
following three features: 1) oligo- or amenorrhea; 2) clinical
or biochemical hyperandrogenism; or 3) POM on pelvic ultra-
sound, after exclusion of other causes of hyperandrogenism,
thyroid disorders, hyperprolactinemia, Cushing syndrome, and
late onset congenital adrenal hyperplasia. Women with type-
1 diabetes mellitus, hepatic or renal pathology, or receiving
medication, which could affect carbohydrate metabolism or
lipid profile, were also excluded. The follow-chart of subjects is
presented in Figure 1.

Excluded (n=665); missing history of cycle
length (n=86); lack of ultrasonography

8906 cases from the database of
women who attended to
gynecological outpatient

(103); missing information on hirsutism ——
(n=115); missing data on thyroid and/or
prolactin levels (n=361)

7411 cases included |

Rotterdam-PCOS
(n=687)

Excluded (n=830); chronic disease (n=165); congenital uterine
and/or ovarian dysplasia (n=27); endometriosis (n=106);
hyperprolactinemia (n=88); abnormal thyroid function (n=322);
diabetes mellitus type-1 (n=4); premature ovarian failure
(n=41); taking medications that may affect the carbonhydrate
metabolism, lipid profile or endocrine parameters (n="77)

Oligomenorrhea only (n=167)
POM only (n=164)
Hirsutism only (n=63)

AES-PCOS
(n=504)

Normoandrogenemic

PCOS (n=183)

Figure 1. The flowchart of subjects who attended the clinic
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PCOS subtypes

The participants were divided into two groups: i) those fulfilling
the AES criteria (n=504) (15) and ii) women with normoandro-
genemic PCOS (oligomernorrhea with POM; n=183).

The criteria used to determine the components of the PCOS
phenotypes were:

* Clinical hyperandrogenism was determined with a modi-
fied Ferriman-Gallewey score>8 (20).

* Biochemical hyperandrogenism was defined with the
existence of at least one of the following findings: serum
total testosterone level (tT)>65.82 ng/dL, serum dehydro-
epiandrosterone sulfate (DHEAS) level>374.9 ug/dL and
free androgen index (FAI)>4.94 (calculated on the basis
of the 95" percentile of basal serum androgen normality
in the control group of 70 healthy, non-hirsute, eumenor-
rheic women from the same area (unpublished data).

* Oligomenorrhea was defined as having <8 menstrual
cycles/year or menstrual cycles for more than 35 days.

* POM was defined with an antral follicle count (2-9 mm)
of=12 in at least one ovary.

Definition of insulin resistance

Insulin resistance was predicted by using the homeostatic
model assessment of insulin resistance (HOMA-IR) (21). The
following formula was used to calculate HOMA-IR: (fasting
insulin in wU/mL x fasting glucose in mg/dL)/405. A HOMA-IR
value =3.8 was considered to represent insulin resistance (22).
A 120-minute 75-g oral glucose tolerance test (OGTT) was done
on a random day of the cycle. Impaired glucose tolerance test
(IGTT) was defined by an abnormal glucose value following
the 75-g OGTT, with cut-off values between 140 and 199 for 120
minute. A value of 200 mg/dl or higher subsequent to 75-g OGTT
were considered as diabetes mellitus type-2 (23).

Definition of metabolic syndrome (MetS) and dyslipidemia

The diagnosis of MetS was made in accordance to the definitions
proposed by the National Cholesterol Education Program Adult
Treatment Panel Il (NCEP ATP III). Based on the NCEP ATP III, the
diagnosis of MetS in women was defined by the presence of at
least three of the following features: (i) waist circumference =88
cm, (ii) serum triglyceride (TG) level=150 mg/dL, (iii) serum high
density lipoprotein (HDL-cholesterol) level <50 mg/dL or the pre-
vious consumption of lipid lowering medication, (iv) blood pres-
sure=130/85 mmHg or the use of anti-hypertensive medication,
(v) fasting blood glucose=100 mg/dL (24).

Dyslipidemia was diagnosed according to the definitions pro-
posed by the Framingham/Adult Treatment Panel (ATP) III
criteria (25). Regarding Framingham/ATP III, the diagnosis of
dyslipidemia in women was defined by the following features:
(i) low density lipoprotein (LDL-cholesterol)=130 mg/dL, (ii)
HDL-cholesterol<50 mg/dL, (iii) triglyceride=150 mg/dL, (iv)
total cholesterol (TC)=200 mg/dL, (v) TC/HDL=5.6.

Laboratory analyses

Comprehensive endocrine screening, including early follicular
phase follicle stimulating hormone (FSH), luteinizing hormone
(LH), total testosterone (tT), dehydroepiandrosterone sulfate
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(DHEAS), sex hormone-binding globulin (SHBG), thyroid stimu-
lating hormone (TSH), and prolactin, was carried out. Plasma
insulin, FSH, LH, SHBG, DHEAS, and TSH levels were analyzed
by a chemiluminescence method (Immulite 2000, Siemens
Medical Solutions Diagnostics; Los Angeles, CA, USA). FAI was
determined as follows: FAI=tTx100/SHBG.

Fasting glucose and insulin, lipids, and carbohydrates levels
were also determined. The plasma glucose, total cholesterol,
HDL-cholesterol, and TG levels were tested by the spectropho-
tometric method (Abbott Trade C16000, Abbott Laboratories;
Abbott Park, IL, USA). LDL-cholesterol and VLDL-cholesterol
were calculated using Friedewald formulation. Highly sensitive
C-reactive protein (hs-CRP) was analyzed by the nephelomet-
ric method (Siemens Dade-Behring BNII, Siemens Healthcare
Diagnostics Inc.; Newark, BE, USA).

Statistical analyses

Continuousvariables are defined hereinwiththe mean=+standard
deviation (SD), and categorical variables with numbers and per-
centages as appropriate. Baseline features of the different PCOS
phenotypes were compared by independent samples t test.
Proportions were compared using the chi-square test. Statistical
significance was set at a two sided p value<0.05. The Statistical
Package for Social Sciences (SPSS) was used for statistical
analysis (version 19.0, SPSS Inc.; Chicago, IL, USA).

Results

Study population

The medical records of 8906 women were reviewed; 665 women
were excluded due to inadequate data, including for unavailable
data on the history of the cycle length (n=86), ultrasonographic
examination (n=103), hirsutism (n=115), thyroid and/or prolactin
laboratory assay (n=361). An additional 830 women were exclud-
ed due to the presence of concomitant pathology, including other
relevant chronic diseases (n=165), congenital uterine anomalies
and/or ovarian dysplasia (n=27), endometriosis (n=106), hyperp-
rolactinemia (n=88), abnormal thyroid function (n=322), diabe-
tes mellitus type-1 (n=4), premature ovarian failure (n=41), and
the previous consumption of medications that may affect the car-
bohydrate pathway, lipid profile, or endocrine parameters (n=77)
(Figure 1). The final study population included 687 women diag-
nosed with PCOS based on Rott-PCOS criteria. While 504 of these
women met the AES -PCOS criteria, 183 women were classified
as normoandrogenemic PCOS. The prevalence of different PCOS
phenotypes is presented in Table 1.

The prevalence of women with clinical and/or biochemical
hyperandrogenism, oligomenorhea (OM), and POM was 7.6,
8.5, and 7.1%, respectively.

Demographic characteristics, and the biochemical and anthro-
pometric features of the participants are presented in Table
2. There were no differences among the PCOS subgroups
regarding age (p=0.62; Table 2). The mean concentration of
C-reactive protein (CRP) in women diagnosed as PCOS accord-
ing to the AES criteria was significantly higher than that of
women classified as normoandrogenemic PCOS (5.96+6.92 vs.
4.21+3.12 mg/L, p=0.003).
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Table 1. Prevalence of PCOS phenotypes among the same

population

Phenotypes n %
Screened population 7411

Rotterdam Criteria - PCOS 687 9.3
AES Criteria - PCOS 504 6.8
PCOS with all 3 criteria (HA+POM+OM) 277 3.7
Normoandrogenemic PCOS (OM+POM) 183 2.5
Ovulatory PCOS (HA+POM) 144 1.9
HA+OM 83 1.1

PCOS: polycystic ovary syndrome; AES: Androgen Excess Society; HA: hy-
perandrogenism; POM: polycystic ovary morphology; OM: oligemenorrhea

J Turk Ger Gynecol Assoc 2016; 17: 201-8

Prevalence of insulin resistance

A comparison of the data between AES-PCOS and normoandro-
genemic PCOS revealed a significant difference for the carbo-
hydrate traits assessed, including HOMA-IR (p=0.004), fasting
insulin (0.007), and fasting glucose (p=0.001).

The overall prevalence of elevated fasting blood glucose and
insulin resistance among the PCOS patients was 17.8% and
31.7%, respectively. While the rates of elevated blood glucose
and insulin resistance were 19.9% and 32.8% in the AES-PCOS
group, within the women classified as normoandrogenemic
PCOS, these rates were 10.0% and 26.3%, respectively (p=0.01
and 0.34, respectively). The respective odds ratios for insulin
resistance in patients diagnosed as PCOS according to the AES
criteria was 1.36 [95% confidence interval (CI), 0.77-2.58] when
compared with the subjects classified as normoandrogenemic
PCOS (Table 3).

Table 2. Demographic, anthropometric, and metabolic parameters of various PCOS phenotypes

Variables AES-PCOS (n_) Normoandrogenemic PCOS (n__) P
Age 24.73+5.86 (504) 24.48+5.54 (183) 0.62
Body Mass Index (kg/m?) 26.12+6.26 (168) 23.96+4.51 (24) 0.10
Waist circumference (mm) 78.66+13.53 (158) 77.92+17.20 (19) 0.82
Hip circumference (mm) 103.25+17.09 (158) 102.46+21.03 (19) 0.85
Waist to hip ratio 0.79+0.09 (158) 0.76+0.10 (19) 0.17
Systolic blood pressure (mmHg) 110 (110-120) (99) 115 (102-120) (19) 0.53
Diastolic blood pressure (mmHg) 70 (62-80) (99) 70 (60-80) (19) 0.20
Follicule stimulating hormone (mIU/mL) 5.67+2.09 (502) 5.77+2.03 (183) 0.55
Luteinizing hormone (mIU/mL) 7.23+5.24 (503) 8.13+5.51 (183) 0.05
Thyroid stimulating hormone (mIU/mL) 1.58+0.84 (504) 1.58+0.83 (183) 0.99
Prolactin (ng/mL) 13.16+7.81 (504) 13.58+7.88 (183) 0.54
Total testosterone (ng/dL) 48.03+89.04 (346) 31.84+12.46 (72) 0.12
Free testosterone (ng/dL) 6.40+9.35 (183) 2.88+2.11 (32) <0.01*
Sex hormone binding globulin (nmolL/mL) 40.73+31.95 (346) 64.64+43.84 (72) <0.01
Free androgen index 6.11+9.43 (346) 2.32+1.39 (72) <0.01*
Dehydroepiandrosterone sulfate (ug/dL) 243.75+117.05 (368) 181.89+79.67 (80) <0.001*
Ferriman-Gallewey score, median (IQR) 13 (10-18) (404) 6 (4-7) (175) <0.001*
Fasting Insulin (uIU/mL) 15.69+20.35 (298) 10.84+10.16 (57) 0.007*
Fasting glucose (mg/dL) 91.81+12.60 (442) 87.83+9.83 (120) 0.001*
HOMA-IR 4.53+6.65 (296) 2.94+2.96 (57) 0.004*
Total Cholesterol (mg/dL) 170.09+35.59 (382) 168.60+38.22 (87) 0.73
Triglycerides (mg/dL) 113.14+64.62 (382) 98.98+52.41 (87) 0.03*
fHDL-cholesterol (mg/dL) 48.01+11.76 (383) 52.28+13.15 (85) 0.004*
‘LDL-cholesterol (mg/dL) 101.15+29.14 (374) 96.95+31.98 (86) 0.23
YVLDL-cholesterol (mg/dL) 23.29+14.88 (373) 19.84+11.26 (83) (Matthews, Hosker et al.) 0.02*
Triglycerides/"HDL-cholesterol ratio 2.63+1.92 (376) 2.06+1.41 (85) 0.002*
C-reactive protein (mg/L) 5.96+6.92 (253) 4.21+3.12 (62) 0.003*
AES: Androgen Excess Society; n_..: the number of women available for each characteristic measured; HOMA-IR: homeostatic model assessment of
insulin resistance; HDL-cholesterol: high density lipoprotein; LDL-cholesterol: low density lipoprotein; VLDL-cholesterol: very low density lipoprotein
Data are expressed as the mean=SD unless otherwise was stated.

*Statistically significant (p<0.05).
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Table 3. The prevalence of obesity, insulin resistance, and the components of metabolic syndrome according to the Inter-
national Diabetes Federation criteria and the compositions of dyslipidemia according to the Adult Treatment Model III
National Cholesterol Education Program criteria among all the PCOS phenotypes

Normoandrogenemic Odds Ratio
Variables AES-PCOS (n) PCOS (n) p* (95% Confidence interval)
BMI=25 (kg/m?) 49.4% (83/168) 41.7% (10/24) 0.48 0.73 [0.31-1.74]
BMI=27 (kg/m?) 39.9% (67/168) 37.5% (9/24) 0.82 0.90 [0.37-2.18]
BMI=30 (kg/m?) 25.6% (43/168) 12.5% (3/24) 0.16 1.59 [0.63-3.97]
Insulin resistance (HOMA-IR=3.8) 32.8% (97/296) 26.3% (15/57) 0.34 1.36 [0.77-2.58]
Oral Glucose Test Intolerance 21.2% (31/146) 11.1% (4/36) 0.23 2.15[0.71-6.56]
Diabetes Mellitus type-2 1.4% (2/146) - - -
Fasting glucose =100 mg/dL 19.9% (88/442) 10.0% (12/120) 0.01* 2.23 [1.17-4.24]
Waist circumference =88 cm 50.6% (80/158) 42.1% (8/19) 0.48 1.41 [0.54-3.69]
Blood pressure =130/85 mmHg 5.1% (5/99) 5.3% (1/19) 0.96 0.96 [0.15-6.06]
HDL-cholesterol <50 mg/dL 59.4% (228/384) 41.2% (35/85) 0.002* 2.82[1.29-3.36]
Triglycerides =150 mg/dL 23.0% (88/322) 14.9% (13/87) 0.09 1.70 [0.90-3.21]
Total cholesterol =200 mg/dL 18.6% (71/382) 17.2% (15/87) 0.77 1.09 [0.59-2.02]
LDL-cholesterol =130 mg/dL 15.2% (57/374) 11.6% (10/86) 0.39 1.21 [0.59-2.48]
Triglycerides/HDL-cholesterol =5.6 8.5% (32/376) 3.5% (3/85) 0.12 2.54[0.76-8.51]
Metabolic syndrome (any more than 25.4% (62/244) 10.3% (6/58) 0.01* 2.95[1.21-7.21]
two components)

Data are expressed as the number and percentage unless otherwise stated.
*Statistically significant (p<0.05).

PCOS: polycystic ovary syndrome; BMI: body mass index; AES-PCOS: Androgen Excess Society-Polycystic Ovary Syndrome; HOMA-IR: homeostatic
model assessment of insulin resistance; HDL: high density lipoprotein; LDL: low density lipoprotein

The prevalence of IGTT was 19.9% in the whole PCOS popula-
tion. In the AES-PCOS group, 31 of 146 patients (21.2%) had
impaired glucose tolerance during OGTT and of these, two
patients had DM type 2 (1.4%), while the prevalence rate for the
abnormal glucose tolerance test in the normoandrogenic PCOS
group was 11.1% (p=0.23). The respective odds ratio for the
glucose intolerance test in patients diagnosed as PCOS accord-
ing to the AES criteria was 2.15 [95% CI, 0.71-6.56] when com-
pared with subjects classified as normoandrogenemic PCOS.

Prevalence of MetS and dyslipidemia

While the overall rate of metabolic syndrome in women with
PCOS was 22.5%, within women diagnosed as PCOS according
to the AES-PCOS criteria and normoandrogenemic PCOS, these
rates were 25.4 and 10.3%, respectively (p=0.01; Table 3). The
respective odds ratio for MetS in women with AES-PCOS was
2.95 [95% CI, 1.21-7.21] when compared with subjects classi-
fied as normoandrogenemic PCOS. The distribution of the com-
ponents of metabolic syndrome is also presented in Table 3.
Regarding the lipid profile, the concentrations of HDL-
cholesterol, TG, TG/HDL-cholesterol ratio, and VLDL-C were
significantly different in women with AES-PCOS from the
subjects with normoandrogenemic PCOS (p=0.004, p=0.03,
p=0.002, and p=0.02, respectively; Table 2). The prevalence of
low HDL-cholesterol in the group under the AE-PCOS Society
criteria was higher than that of normoandrogenemic PCOS
(59.4 vs 41.2%, respectively; p=0.002; Table 3), while the preva-

lence of low HDL-cholesterol was 56.1% in the whole study
group. While the prevalence of elevated total cholesterol (=200
mg/dL) and LDL-C (=130 mg/dL) parameters in the whole
population were 18.3 and 14.6%, respectively, there were no
statistically significant differences between women diagnosed
as PCOS according to the AE-PCOS Society criteria and women
with normoandrogenemic PCOS (18.6% vs. 17.2% and 15.2% vs.
11.6%; p=0.77 and p=0.39, respectively). While the prevalence
of elevated TG (=150 mg/dL) was 21.5% in the whole study
group, within the patients diagnosed as PCOS according to the
AE-PCOS Society criteria and normoandrogenemic PCOS, these
rates were 23.0 and 14.9%, respectively (p=0.09). While the
prevalence of elevated TC to HDL-cholesterol ratio (=5.6) in the
whole population was 7.6% within women diagnosed as PCOS
according to AE-PCOS, this rate did not differ from subjects
with normoandrogenemic PCOS (8.5 and 3.5%, respectively;
p=0.12).

Discussion

In the current study, the prevalence of PCOS according to
the Rotterdam and AE-PCOS Society criteria in a Caucasian
population were 9.3 and 6.8%, respectively. Although the results
of the current study are in concurrence with the previously
reported frequency’s ranging from 11.2 to 20.9% according to
the Rotterdam criteria (18, 26-28), we found lower figures than a
prior Turkish cohort study using the AE-PCOS Society criteria (18).
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Further, data from this study illustrated that the prevalence of
insulin resistance and impaired glucose tolerance barely rise
in the overall PCOS population (31.7 and 17.8%, respectively)
when compared to that reported from another study of Turkish
women with PCOS (29). This study has also shown that women
with PCOS have a higher prevalence of metabolic syndrome
(22.5%) than that consistently reported from the literature,
albeit with a varying rate (17, 18, 28).

Although there is limited data on the association of the new
phenotype (normoandrogenemic PCOS) and its implications
on the metabolic profile, it has been reported that the nor-
moandrogenemic PCOS phenotype has a milder metabolic
syndrome with a rather similar rate of insulin resistance (30).
The evidence currently suggests that patients with PCOS diag-
nosed according to AE-PCOS Society criteria have the most
severe metabolic features (15, 17). Women in PCOS without
hyperandrogenism are still the subject of debate (2, 15, 16).
The Androgen Excess and PCOS Society suggested that PCOS
initially should be accepted as a condition of hyperandrogen-
ism (15). The current study demonstrated that in women diag-
nosed according to AE-PCOS Society criteria, the proportion of
increased serum glucose level was double in comparison with
that in women identified as normoandrogenemic PCOS, while
the rate of women with an abnormal glucose tolerance test and
insulin resistance rose by almost 10%. These findings appear to
support the previous observations that women with normoan-
drogenemic PCOS exhibit a small proportion of hyperglycemia
and insulin resistance (31, 32).

An impaired lipid profile is a prevalent finding in women with
PCOS (33, 34), and also it was recently noted that the TG,
LDL-cholesterol, and TC levels are significantly higher in obese
PCOS women than in lean/normo-weight PCOS women, irre-
spective of the PCOS phenotypes (35). Women with hyperand-
erogenemic PCOS showed the most atherogenic lipid profiles,
with higher apolipoprotein B compared to the other PCOS phe-
notypes (36). However, conflicting data are present in the lit-
erature. Moreover, despite the similar rate of IR in BMI-matched
PCOS phenotypes, free testosterone and FAI were positively
correlated with triglyceride as well as being inversely correlated
with HDL-cholesterol (37). Conversely, other researchers spec-
ulate that lipid abnormalities are not different in women with
hyperandrogenemic PCOS (38, 39). In accordance with the
previous study, we also observed that women with normoan-
drogenemic PCOS have a lower triglyceride/HDL-cholesterol
ratio, triglyceride, and VLDL-cholesterol concentrations as well
as higher HDL-cholesterol levels when compared with those of
women diagnosed as PCOS according to the AES-PCOS criteria,
although BMI was not significantly different between the PCOS
phenotypes (37). These findings suggest that hyperandrogen-
emia may adversely affect the lipid metabolism regardless of
the presence of MetS or IR. However, the higher prevalence
of decreased HDL-cholesterol with a similar rate of elevated
TG, total cholesterol, and LDL-cholesterol observed in this
study may indicate the effects of insulin resistance on HDL-
cholesterol. Further, this finding would be an indirect reflection
of increased ovarian androgen secretion in women with PCOS,
as proposed in previous reports (40, 41).
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According to the new diagnostic criteria (2, 13), PCOS may de
facto involve a large-scale number of abnormalities, consist-
ing of women with mild clinical and hormonal abnormalities
(42, 43). As regards metabolic syndrome (evaluated with the
International Diabetes Federation criteria), our cohort study
showed a proportion of 22.1% had it in the overall PCOS
population according to the Rotterdam criteria consistent with
a previous cohort study in a Mediterranean population (44).
Furthermore, women diagnosed with PCOS according to the
AE-PCOS Society criteria had a higher rate of MetS than those
with normoandrogenemic PCOS (20.4 vs 9.2%). This significant
difference is in line with previous studies (45-48). The expla-
nation for this quite pronounced difference may be that the
key features of MetS comprising abdominal obesity, insulin
resistance, and impaired glucose tolerance are present less
frequently in normoandrogenemic PCOS (24). Indeed, a cur-
rent meta-analysis showed that elevated serum androgen levels
have a positive correlation with the prevalence of MetS (49).
Overall, women with normal androgen levels appear to be part
of the milder PCOS spectrum, but this might be due to the less
frequently elevated blood glucose level, which is related with
lower health-risk-related factors.

It has also been found that subclinical atherosclerosis expressed
as low-grade inflammation (increased hs-CRP levels) could be
a factor for an increased risk of cardiovascular disease and DM
type 2 in women with PCOS (50-52). Moreover, an elevation
in circulating hs-CRP irrespective of obesity is evidence that
chronic low-grade inflammation may have an effect on the
pathogenesis of PCOS, particularly in hyperanderogenemic
phenotypes (4, 53). In accordance with previous reports, we
also observed a significant elevation of hs-CRP in women with
hyperanderogenemia compared to in women with normal
androgen levels, despite there being no difference in BMI
between the phenotypes (4, 53). This assumes that a high
androgen level independently may be a factor that affects the
establishment of cardiovascular disease in women diagnosed
as PCOS.

Limitations for the study include that the methodology of study
was a retrospective cohort, and also the numbers in the nor-
moandrogenemic PCOS group were too small to assess the
statistical significance for the oral glucose test intolerance.

In conclusion, women with hyperandrogenemic PCOS usually
present an impaired lipid profile, insulin resistance, and abnor-
mal glucose tolerance, which may be related to the subsequent
development of MetS. PCOS patients with androgen excess
appear to be exposed to a higher risk of cardiovascular disease
than normoanderogenemic PCOS patients (54, 55). The obser-
vations of the present study suggest that the androgen excess
per se is related with a long-term-health-risk of PCOS. This new
data may be of reference in informing women diagnosed as
PCOS, even though further prospective studies are needed to
validate this proposition.
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Why do multiparous women with a history of vaginal
delivery give birth by cesarean section?
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Abstract

Objective: A cesarean section (C-section) is performed to deliver a baby through the mother’s abdomen. In recent years, the rate of incidences
requiring a C-section is steadily increasing all over the world. Advanced maternal age, chronic health problems, multiple pregnancies as a result
of the development of assisted reproductive technologies, and an insufficient supplementary health network can be considered as the reasons
why mothers and obstetricians prefer a C-section. Our study aimed to identify the risk factors for the need of C-section in women with a history
of vaginal delivery.

Material and Methods: 238 multiparous women with a history of vaginal birth at 37-42 gestational weeks were enrolled in our study. 110
women had underwent C-section. Control group was chosen randomly from women giving birth by vaginal route.

Results: Overall, 238 multiparous women with a history of vaginal delivery at 37-42 gestational weeks were enrolled in our study. The history of
operative delivery, that of labor induction and presence of meconium and the indication of admission to the delivery room were different between
groups. A lower Bishop score and biophysical profile, smaller gestational period, and lower birth weight were associated with the group requiring a
C-section, whereas older age and a long time interval from the previous birth were associated with the group not requiring a C-section.
Conclusion: A strategy involving either labor induction or not could be individualized for each patient to eliminate the risk factors for adverse
outcomes. To identify criteria for the standardization of labor management, further studies are needed. (J Turk Ger Gynecol Assoc 2016; 17: 209-13)
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Introduction

A cesarean section (C-section) is performed to deliver a baby
through the mother’s abdomen. Unexpected conditions relat-
ed to the baby such as the position of the baby, signs of fetal
distress, and number of babies or related to the mother such
as health problems and previous operations or abnormalities
of placentation result in a requirement of C-section. Some
mothers demand this delivery route because they think that it
is relatively safe for the baby and herself.

In recent years, the rate of incidences of C-section is steadily
increasing all over the world. This procedure was used for
37% of the deliveries in 2008 and more than 48.1% of the
deliveries in 2013 in Turkey (1). Advanced maternal age,
chronic health problems such as hypertension and diabetes
mellitus, multiple pregnancies as a result of the development
of assisted reproductive technologies, and an insufficient
supplementary health network can be considered as the
reasons why mothers and obstetricians prefer a C-section (2).
Our study aimed to identify the risk factors for C-section in
women with a history of vaginal delivery. The primary out-
come for the study was a requirement of a C-section in these
women.

Material and Methods

A hospital-based retrospective cohort study comprising 238
multiparous women was performed at the Department of
Obstetrics and Gynecology at Kanuni Sultan Siileyman Training
and Research Hospital. Women with a history of vaginal
delivery were included. In total, 110 women had undergone
a C-section. An age-matched control group was randomly
chosen from women giving birth through the vaginal route.
Operative deliveries with vacuum or forceps and patients
with fetal demise and a prior C-section were excluded from
the study. All the demographic and clinical characteristics of
the patients were recorded from our own hospital’s database,
including age, number of gravida and parity, body mass index
(BMI), weight gain, time interval from previous delivery, birth
weight of previous and present babies, and gestational week.
We analyzed the presence of maternal health problems (dia-
betes mellitus, goiter, hypertension, asthma, epilepsy, psychot-
ic diseases, and cardiac problems), indication for admission
to the delivery room and that of C-section, placental location,
presence of meconium, history of operative intervention, and
induction in previous birth(s). Records were also reviewed to
identify induction and route of delivery.

Address for Correspondence: Hale Goksever Celik
e.mail: hgoksever@yahoo.com

©Copyright 2016 by the Turkish-German Gynecological Education and Research Foundation - Available online at wwuw.jtgga.org

DOI: 10.5152/jtgga.2016.16119

o



Goksever Celik et al.
2 1 0 Cesarean section in multiparous women

All the gestational weeks were confirmed by a first trimester
ultrasound. BMI was presented as a measure of body fat based
on height and weight. BMI was categorized based on the
World Health Organization (WHO) classification into under-
weight (less than 18.5), normal weight (18.5-24.9), overweight
(25-29.9), obese (more than 30), and morbidly obese (more
than 40).

In our hospital, the biophysical profile (BPP) and Bishop score
were used to determine the stage of labor. The Bishop score is
a quantitative means of describing the cervical status to decide
the necessity of cervical ripening agents. The parameters in
this score are cervical dilatation and effacement, the position
and consistency of the cervix, and the station of the fetal head.
If the Bishop score is <6, we accept the cervix as unfavorable
for vaginal delivery and apply agents such as prostaglandin
E2 ovules (Propess ovule; Ferring Medical, istanbul, Turkey)
for cervical ripening. Labor induction, when indicated, is per-
formed using oxytocin infusion (Synpitan forte; Deva Medical,
istanbul, Turkey) with or without amniotomy. It was performed
in women with no effective contractions accompanying cervi-
cal dilatation and effacement to promote delivery.

Labor pain, rupture of membranes, post-term pregnancy,
suspicious non-stress test (NST), extreme vaginal bleeding,
preeclampsia/chronic hypertension, growth restriction, or oli-
gohydramnios were included as indications for admission to
the delivery room. The reasons to proceed with a C-section
included fetal distress, malpresentation, macrosomia, multiple
pregnancies, failure to progress in labor or failed induction, fetal
anomalies, and maternal clinical conditions.

Our study was designed as a retrospective cohort study and
conducted according to the Helsinki Declaration. There was
no ethical approval needed because we collected data of the
patients from the records in the archives and we did not docu-
ment any personal information. Also, in our hospital, informed
consent was obtained from every patient for the use of medical
information in scientific publications.

Statistical analysis

Statistical analysis was performed with the Statistical Package
for the Social Sciences (IBM Corp.; Armonk, NY, USA) statistics
22.0 version for Windows. Differences in the mean values and
characteristics between the groups were analyzed with the
independent samples t-test and chi-square test. The means
are presented herein with the standard deviation. p<.05 was
considered statistically significant. The correlation coefficients
and their significance were calculated using the Pearson test.
For the multivariate analysis, the possible factors identified
with univariate analyses were further entered into the logistic
regression analysis to determine the independent predictors of
patient outcome.

Results

Two hundred thirty-eight multiparous women with a history
of vaginal birth at 37-42 gestational weeks were enrolled in
our study. Of these, 46.2% of patients had given birth through
a C-section. The mean age of all the women was 29.8+5.5

J Turk Ger Gynecol Assoc 2016; 17: 209-13

Table 1. Demographic and clinical characteristics of patients

Number (%) or
mean*standard

Characteristics deviation
Maternal age 29.8+5.5
BMI (kg/m?) 30.4+4.6
Gravida 3.3=1.5
Parity 2.0x1.4
Maternal health problems

Absent 204 (85.7)

Present 34 (14.3)
Weight gain (kg) 10.5+4.4
Time interval from previous birth (years) 5.4+3.7
Gestational week (weeks) 38.0+3.0
Placental location

Anterior 139 (58.4)

Posterior 70 (29.4)

Left lateral 7(2.9)

Right lateral 13 (5.5)

Fundal 9(3.8)
Bishop score 7.7+£3.5
BPP 3.5+1.0
Induction

Absent 96 (40.3)

Present 142 (59.7)
Birth weight (g) 3116.3+£763.7
Meconium

Absent 226 (95)

Present 12 (5)
Induction of previous birth

Absent 108 (45.4)

Present 130 (54.6)
Operative intervention of previous birth

Absent 234 (98.3)

Present 4(1.7)
Birth weight of previous child (g) 3165.9+571.3

BMI: body mass index; BPP: biophysical profile

years. The mean BMI of all the women was 30.4%+4.6. Of all
the women, 96 (40.3%) had spontaneous labor, whereas 142
(59.7%) women received labor induction. All the demographic
and clinical characteristics of the patients are represented in
Table 1. The most frequent indication for admission to the deliv-
ery room was labor pain, whereas that for C-section was fetal
distress (Table 2).

Table 3 shows the mean levels in terms of the characteristics
of the women according to the route of delivery. There was a
statistically significant difference between groups based on a
history of operative delivery, that of labor induction and pres-
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Table 2. Indications on admission and for C-section

Indication on admission Indication for C-section

Labor pain 167 (70.2) Fetal distress 42 (38.2)
Rupture of membranes 29 (12.2) Malpresentation 16 (14.5)
Post-term pregnancy 11 (4.6) Macrosomia 12 (10.9)
Preeclampsia/chronic hypertension 10 (4.2) Multiple pregnancies 12 (10.9)
Oligohydramnios/IUGR 9(3.8) Obstructed labor 10 (9.1)

Suspicious NST 9(3.8) Preeclampsia 7(6.4)

Vaginal bleeding 3(1.3) Placentation anomalies 3(2.7)
Fetal anomalies 3(2.7)

Maternal conditions 327

Cord problems 2(0.8)

Data are presented as n (%).

IUGR: intrauterine growth restriction; C-section: cesarean section; NST: non-stress test

Table 3. Comparison of characteristics between patients according to the route of delivery

Characteristics Vaginal delivery (Patient number: 128) C-section (Patient number: 110) p
Maternal age 29.4%5.6 30.4x5.3 NS
BMI (kg/m?) 30.1+4.3 30.8+5.0 NS
Gravida 3.2+1.3 3.4+1.7 NS
Parity 1.8+1.2 2.1+1.6 NS
Weight gain (kg) 10.0+3.8 11.0£5.0 NS
Time interval from previous birth (years) 4.7+3.8 6.1+3.5 .003
Gestational week (weeks) 38.9+2.0 37.0+3.6 <0.001
Bishop score 9.5+2.7 5.6+3.0 <0.001
BPP 3.8+0.6 3.1+1.2 <0.001
Birth weight (kg) 3270.2+516.7 2937.3+947.1 .001
Birth weight of previous child (kg) 3168.1+555.5 3163.5+591.7 NS

Used independent samples t-test; p<0.05 accepted as statistically significant.

BMI: body mass index; BPP: biophysical profile; C-section: cesarean section; NS: not significant

ence of meconium, and the indication for admission to the
delivery room (Table 4).

Bivariate correlation analysis demonstrated that a lower Bishop
score and biophysical profile, smaller gestational period, and
lower birth weight were associated with the group requiring a
C-section, whereas older age and a long time interval from the
previous birth were associated with the group not requiring a
C-section. Table 5 shows the results of the logistic regression
analysis. The presence of meconium was identified as the stron-
gest factor to proceed with C-section in our study population.

Discussion

We analyzed the predictors for C-section in multiparous women
with a history of vaginal delivery. Approximately 40% of all the
women gave birth spontaneously without labor induction,
whereas 76.1% of the women requiring induction gave birth
by the vaginal route. Many studies claimed that induction was
a significant risk factor for C-section, especially in nulliparous

women (3-7). Rattigan et al. (8) also reported that the rates of
operative delivery increase in women who receive labor induc-
tion regardless of parity. According to these studies, nullipar-
ity is an independent risk factor for C-section in women who
receive labor induction. However, the difference between these
studies and our study is the study population, which is entirely
multiparous. On the other hand, induction did not increase the
risk of surgical delivery in multiparous women according to our
results. Lee et al. (9) proposed that the rate of C-section was
associated with the Bishop score but not impacted by labor
induction; this is consistent with to our results. As a result, there
is no certainty that induction increases the risk for C-section.
There are also some situations in which labor induction is
required for maternal and infant health (10).

In our study, a longer time interval from the previous birth,
smaller gestational week, lower Bishop score and BPP, and a
lower birth weight were determined as predictors for C-section.
Similar to our results, Ennen et al. (11) accepted that an
advanced maternal age, high BMI, and low Bishop score
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Table 4. Comparison of characteristics between patients according to the route of delivery

Characteristics Vaginal delivery (Patient number: 128) C-section (Patient number: 110) p
Maternal health problems
Absent 112 (54.9) 92 (45.1) NS
Present 16 (47.1) 18 (52.9)
Placental location
Anterior 80 (57.6) 70 (45.8)
Posterior 33 (47.1) 38 (53.5)
Left lateral 8 (61.5) 5(38.5) NS
Right lateral 2 (28.6) 5(71.4)
Fundal 5 (55.6) 4 (44.9)
Induction
Absent 20 (20.8) 76 (79.2) <0.001
Present 108 (76.1) 34 (23.9)
Meconium
Absent 126 (55.8) 100 (44.2) 014
Present 2 (16.7) 10 (83.3)
Induction of previous birth
Absent 56 (51.9) 52 (48.1) NS
Present 72 (55.4) 58 (44.6)
Operative intervention of previous birth
Absent 128 (54.7) 106 (45.3) 044
Present 0 4(100)
Indication on admission
Labor pain 105 (62.9) 62(37.1)
Rupture of membranes 10 (34.5) 19 (65.5)
Post-term pregnancy 7 (63.6) 4 (36.4)
Preeclampsia/chronic hypertension 2 (20) 8 (80) <0.001
Oligohydramnios/IUGR 3(33.3) 6 (66.7)
Suspicious NST 1(11.1) 8(88.9)
Vaginal bleeding 0 3(100)
[UGR: intrauterine growth restriction; C-section: cesarean section; NST: non-stress test; NS: not significant
Data are presented as n (%).
Used independent samples t-test; p<0.05 accepted as statistically significant.

increased the possibility of C-section. We matched the ages
of women between the control group and the study group to
eliminate the effect of age on our results. Pregnancies with a
smaller gestational week usually consult with an unfavorable
cervix, which indicates a lower Bishop score and BPP, resulting
in surgical delivery (12). Because of this, the duration of labor
prolongs until full cervical dilatation and effacement. As the
number of gravida increases, the possibility of many adverse
outcomes, such as malpresentation, increases, which could be
an indication for a C-section. We found a difference between
the vaginal birth group and C-section group according to the
number of gravida and parity.

Interpregnancy interval is also important for predicting C-section
during labor. A longer time interval between pregnancies

increased the risk for C-section. The most effective reason was
thought to be advancing maternal age.

Many studies showed that there is an increased risk for surgical
deliveries among women with chronic health problems in con-
trast to our results (13). Because the age of our study population
was relatively younger, maternal health problems did not affect
the risk for C-section.

We did not find any difference between the groups according to
placental location, similar to many other studies. If the woman
had a history of operative delivery with vacuum or forceps, the
risk for surgical delivery increased.

The most important parameter that increased the rate of
C-section was the presence of meconium in our results. If we
encounter a pregnant woman with these factors, we should
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Table 5. Results of the logistic regression analysis

Risk factors RR (95% CI) P
Maternal health problems 1.21 (0.94-1.56) NS
Gestational weeks 0.80 (0.70-0.90) .002
Indication on admission 1.04 (0.86-1.25) NS
Bishop score 0.67 (0.60-0.75) <0.001
Presence of meconium 12.94 (2.30-73.24) .004
RR: risk ratio; CI: confidence interval; NS: not significant

Used binary logistic regression analysis, p<0.05 accepted as statistically
significant.

ensure a careful planning during follow-up of their pregnancy.
If we look at the indications on admission, there was significant
difference between the vaginal birth group and the C-section
group. Rupture of membranes, preeclampsia or chronic hyper-
tension, oligohydramnios with or without growth restriction,
fetal distress with suspicious NST, or any vaginal bleeding were
associated with a higher rate of C-section, because these condi-
tions require a shorter delivery time and emergency interven-
tions if necessary, resulting in surgical deliveries (14).

Labor pain and post-date pregnancy as indications on admis-
sion did not make a difference to the route of delivery. Many
studies show that there is not sufficient evidence available
about whether induction should be applied or not in these
conditions (15).

Derbent et al. (16) identified that decreased physical activity
is statistically associated with an increased risk of C-section
besides the other factors. We did not conclude that result.
Besides this, we also did not compare the perinatal morbid-
ity and mortality, because of limited data from our hospital’s
database and due to the retrospective study design. This can
be accepted as a weakness of our study. But the important dis-
tinction of our study from the others is the investigation of the
predictors for C-section in multiparous women with a history of
vaginal birth. To identify criteria for the standardization of labor
management, further studies are needed.
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Novel applications of COX-2 inhibitors, metformin,
and statins for the primary chemoprevention of
breast cancer
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Abstract

Recent evidence shows that commonly prescribed drugs, such as non-steroidal anti-inflammatory drugs (NSAIDs), metformin, and statins, may
have beneficial roles in the primary chemoprevention of breast cancer. Therefore, these drugs could potentially be used in addition to the hor-
monal drugs currently used for this purpose (namely, selective estrogen receptor modulators and aromatase inhibitors) due to their alternative

mechanisms of action. (J Turk Ger Gynecol Assoc 2016; 17: 214-23)
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Introduction

Chemoprevention is defined as the use of pharmacological
or natural agents that inhibit the development of a disease. In
the case of breast cancer, the main chemopreventive agents
used are selective estrogen receptor blockers (SERMs) and
aromatase inhibitors (Als) (1, 2).

Cyclooxygenase 2 (COX-2) inhibitors, non-steroidal anti-
inflammatory drugs (NSAIDs), metformin, and statins are
drugs that have long been in clinical use. NSAIDs are used as
anti-inflammatories, analgesics, and, in the case of aspirin,
antithrombotics (3); metformin is used as an anti-hyperglyce-
mic (4) and in the treatment of metabolic syndrome (5) and
polycystic ovarian syndrome (PCOS); and statins are used for
the primary and secondary prevention of cardiovascular dis-
ease by lowering cholesterol levels (6). Therefore, the safety
profiles and adverse reaction profiles of these drugs are well
understood. Thus, these drugs are good clinical candidates
for further exploration of their mechanisms of action as
applied to chemoprevention of breast cancer (7-9). Current
studies regarding the novel application of these drugs have
been critically analyzed with respect to their potential use in
breast cancer chemoprevention. However, more research is
needed to prove that these studies were adequately powered
and thus are of good statistical significance, so that the use of
these drugs can be considered as an option for chemopre-
vention of breast cancer in clinical practice.

Search strategy

The papers used as references in this review were identi-
fied using relevant keywords in related search engines such
as Pubmed and Google Scholar, after performing a broader
search regarding the chemoprevention of breast cancer and
finding mentions of these drugs in other documents. The
search terms used to identify these sources include “breast
neoplasms,” “breast cancer,” “NSAIDs,” “aspirin,” “COX-2
inhibitors,” “COX2 inhibitors,” “cyclooxygenase 2 inhibitors,”
“metformin,” “statins,” and “HMG-CoA reductase inhibitors.”
The search results were then filtered, analyzed, and used as
references in compiling this review.

Non-steroidal anti-inflammatory drugs (NSAIDs)

Various epidemiological studies have been conducted to
establish a relationship between the use of NSAIDs and the
incidence of breast cancer (10-12). The results of these stud-
ies are inconsistent; however, this inconsistency is most likely
due to the fact that tumors have variable molecular properties
(13).

All NSAIDs, such as aspirin and ibuprofen, inhibit both cyclo-
oxygenase enzymes, largely with little or no selectivity for
either enzyme. Aspirin irreversibly inhibits cyclooxygenase,
while ibuprofen and other NSAIDs are reversible inhibitors.

A meta-analysis has been conducted, focusing mainly on
the effects of aspirin and ibuprofen (14). This meta-analysis
included 16 case-control studies, 18 cohort studies, 3 case-
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control studies nested in well-defined cohorts, and one clinical
trial, all of which were performed between 1966 and 2008,
examining the association between the use of NSAIDs and the
risk of breast cancer. The results of these studies were pooled
and statistically analyzed separately for aspirin and ibuprofen.
The conclusions of this meta-analysis were that aspirin use
decreased the risk of breast cancer. It was also noted that high
intake of aspirin did not strengthen this relationship. Similarly,
use of ibuprofen led to a decrease in the risk of breast cancer;
however, higher intake of ibuprofen did not strengthen this
association (14).

This analysis also considered the effects that genetic poly-
morphisms of the COX-2 gene might have on these results;
for example, the COX-2.847 mutation is associated with an
even lower risk of breast cancer among patients using aspirin.
Overall, NSAID use was associated with a lower risk of develop-
ing breast cancer.

More recently, the relationship of aspirin and ibuprofen use with
the risk of breast cancer has been re-examined in the context
of the different molecular subtypes of cancer (15). A total of
26,580 menopausal women aged 59 to 77 years were involved
in this analysis. During follow-up through 2005, 1581 cases of
breast cancer were observed. Estrogen receptor (ER) status
was available for 1262 of these patients; 1060 were ER posi-
tive, and 202 were ER negative. Progesterone receptor status
was available for 1237 cases; 910 were progesterone receptor
positive, and 327 were progesterone receptor negative. The
women were divided into groups based on frequency of NSAID
intake. It was found that women who regularly took aspirin had
an approximately 20% lower risk of breast cancer than those
who did not. In this study, higher frequency of aspirin intake
was associated with lower risk (15), which contrasts with the
results from the 2008 meta-analysis. These inverse associa-
tions of aspirin use were observed for ER+, ER-, PR+, and PR-
tumors, with the greatest correlations observed for ER+ and
PR+ tumors. However, in this study, no association was found
between intake of non-aspirin NSAIDs and risk of breast cancer.
One major limitation of this study was that the type of non-
aspirin NSAID used was not specified; this may have masked
any association between the intake of particular non-aspirin
NSAIDs, such as ibuprofen, and the risk of breast cancer (15). It
was further suggested that this difference is due to the fact that
aspirin is an irreversible inhibitor of COX-2, while non-aspirin
NSAIDs are reversible inhibitors.

The results of these various studies, although inconsistent
and controversial, suggest that aspirin has chemopreventive
potential; meanwhile, the chemopreventive potential of other
NSAIDs remains to be clarified. Furthermore, in-depth exami-
nation of the relationship of NSAID consumption with various
tumor subtypes, such as those in which COX-2 or epidermal
growth factor receptor (EGFR) is upregulated, may shed light
on the types of tumors that can be prevented with NSAIDs.
These drugs would then be combined with other agents to
achieve greater chemopreventive efficacy through combina-
tion treatment.
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COX-2 inhibitors

NSAIDs not only inhibit COX-2, but also cyclooxygenase 1
(COX-1), which is responsible for regulating normal physiologi-
cal functions; therefore, various adverse effects are associated
with NSAID use. Side effects include stomach ulcers, nausea,
vomiting, and prolonged bleeding after injury (16). For this
reason, specific inhibitors of COX-2 have been developed.
These include celecoxib and nimesulide, which are potent anti-
inflammatory agents that lack the associated adverse effects
(16). However, a different side effect profile was noted, mostly
related to the cardiovascular system. This includes a higher pre-
disposition to hypertension, atherosclerosis, and thrombosis,
resulting in a higher risk of myocardial infarctions and strokes
(17); these are conditions for which risk is already increased in
peri- and post-menopausal females.

COX-2 is induced in inflamed tissue from its constitutively active
isoenzyme, COX-1. It is involved in the metabolism of arachi-
donic acid into prostaglandins and thromboxanes specific to
the inflamed tissue; this mediates local vasodilation, edema,
pain, and fever (16).

Because prostaglandins are crucial in mediating inflamma-
tory response and the associated pain, various inhibitors of the
cyclooxygenase enzymes have been identified or developed;
their main target is pain relief.

Persistent inflammation may cause DNA damage, induce
increased cellular proliferation to repair damaged tissue, and
create an environment that is rich in cytokines and growth
factors; all of these lead to tumorigenesis (18). Molecular links
between cytokines and tumorigenesis have already been dem-
onstrated for breast cancer and other conditions (19). In fact,
COX-2 is highly overexpressed in numerous cancers, including
breast, liver, colorectal, lung, and esophageal cancers (20, 21).
Blocking persistent inflammation with NSAIDs and specific
COX-2 inhibitors may therefore prove useful in the prevention
of tumorigenesis.

Furthermore, a lower degree of prostaglandin synthesis leads
to inhibition of the enzyme aromatase, which is responsible
for the synthesis of estrogen. In fact, one of the major prosta-
glandins, PGE,, specifically induces the promoter II region on
the aromatase gene (22). COX-2 inhibition has been shown to
prevent estrogen-induced breast tumor formation to a greater
extent than ibuprofen (a non-selective NSAID); thus, it dem-
onstrates selective chemopreventive potential for ER-positive
tumors (22).

The effects of ibuprofen were compared to those of celecoxib,
particularly in their ability to inhibit carcinogenesis induced
by 7,12-dimethylbenz(a)anthracene (DMBA) (Sigma-Aldrich;
Darmstadt, Germany) in female Sprague-Dawley rats (22).
These 50-day old rats were randomized into three groups, with
40 rats in each group. One group received powdered placebo
with a standard diet, another group received 1500 mg/kg cele-
coxib with a standard diet, and the last group received 1500
mg/kg ibuprofen with a standard diet. After seven days, all
rats were given an intragastric dose of 15 mg DMBA in 1.0 mL
of sesame seed oil. The experimental and control diets were
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Table 1. Biochemical and molecular associations between type 2 diabetes mellitus and breast cancer

Biochemical Mechanisms (24)

Insulin

Insulin, which is secreted in increased amounts in type 2 diabetes, was shown to be mitogenic in breast tissue.
This is compounded by the fact that insulin receptors tend to be over-expressed in breast cancer cells (25, 26).
In fact, circulating level of C-peptide as a marker for insulin secretion has been shown to be positively associ
ated with risk of breast cancer in some studies (27-30).

Insulin-like growth
factor-1 (IGF-1)

Increase in insulin secretion is accompanied by an increase in the serum level of IGF-1, which may also
contribute to tumor growth and thus can predict the risk of breast cancer in premenopausal women (31).

Estrogens and
androgens

Increased levels of insulin also lead to higher levels of serum estrogens and androgens (32, 33) through
inhibition of sex hormone-binding globulin (34). Increased levels of estrogen and testosterone have been
associated with an increased risk of breast cancer in post-menopausal women (35, 36).

Molecular Mechanisms (37)

Insulin Receptor

(IR)

IR is heterotetrameric protein consisting of four subunits; two subunits bind insulin, while the other two subunits
span the membrane, protrude into the cytosol, and have tyrosine kinase activity. Two isoforms of the insulin
receptor are produced by alternative splicing: IR-A (the fetal isoform) and IR-B. In most cancers, fetal IR-A
predominates because it mediates mitogenic rather than metabolic effects (37).

Insulin-like growth
factor-1 receptor
(IGF-1R)

(IGF-1R) is 60% homologous with IR and also has tyrosine kinase activity upon ligand binding by IGF-1. It
promotes mitogenic, metastatic, and anti-apoptotic processes in breast cancer cells through the PI3K/Akt
pathway. Because insulin and IGF-1 can bind to both IR and IGF-1R with different affinities, both ligands can
enhance growth and survival (38).

Insulin receptor
substrate-1 (IRS-1)

In type 2 diabetes, insulin resistance arises from the upregulation of cytokines and derivatives of free fatty acids.
These lead to activation of protein kinase C-zeta (PKC-zeta), which phosphorylates insulin receptor substrate-1
(IRS-1), impairing its ability to activate the PI3K/Akt pathway upon ligand binding (39). Eventually, hyperglycemia
and high insulin levels develop. Activation of IGF-1R by these high insulin levels can therefore lead to activation

dyslipidemia (40).

of the mitogenic and anti-apoptotic pathways, leading to an increased risk of cancer. Metabolic syndrome very
often results in these patients; this is characterized by hypertension, insulin resistance, obesity, and

IGF-1: insulin-like growth factor-1; IR: insulin receptor; IR-A: insulin receptor isoform A (fetal); IR-B: insulin receptor isoform B; IGF-1R: insulin-like growth
factor-1 receptor; PI3K: phosphatidylinositol 3-kinase; Akt: protein kinase B; IRS-1: insulin receptor substrate-1; PKC-zeta: protein kinase C-zeta

continued for 105 days before the experiment was stopped. The
time of appearance of the first tumor in rats from each group
was noted, while the size and location of the tumor was also
assessed. At the end of the experiment, 127 palpable tumors
were excised from the control rats (all adenocarcinomas) and
61 tumors were excised from rats treated with ibuprofen (all
adenocarcinomas), while only 18 tumors were excised from
rats treated with celecoxib (15 were adenocarcinomas, while
3 were non-malignant fibro-adenomas). Moreover, celecoxib
was found to reduce the incidence of mammary cancer by
68%, tumor burden (tumors/rat) by 86%, and tumor volume by
81% compared to the control group. Only 13 of the 40 (32%) rats
treated with celecoxib developed tumors, while all of the con-
trol rats (100%) developed tumors. Ibuprofen was also effective,
but not as much as celecoxib; ibuprofen caused a 40% reduc-
tion in cancer risk, a 52% reduction in tumor burden, and a 57%
reduction in tumor size. Moreover, the time for tumor develop-
ment was prolonged with COX-2 inhibitor use. In the control
group, the median time for detection of a tumor was 58 days
after DMBA administration. In the celecoxib group, the median
time was 95 days; in the ibuprofen group, it was 86 days.

It was also noted that celecoxib and ibuprofen appeared to have
no adverse effects on rat liver, kidneys, stomach, and intestines.
In humans, however, there are concerns that drugs that inhibi-
tion of COX-2 can lead to severe cardiovascular adverse effects.

Nonetheless, the use of COX-2 inhibitors in patients at low risk
for heart disease appears to be safe (21).

The results from this experiment show that celecoxib may be a
very useful chemopreventive agent; they also support the role
that COX-2 inhibitors, including the general NSAID ibuprofen,
may play in reducing the risk of breast cancer.

Metformin

Diabetes has been associated with an increased risk of develop-
ing cancer; a recent meta-analysis involving 20 studies demon-
strated the actual relationship between diabetes and breast can-
cer (23). This meta-analysis showed that women with diabetes
have a 20% increased risk of developing breast cancer compared
to non-diabetic women. A more recent meta-analysis suggested
that diabetic women have a 23% higher risk of breast cancer,
particularly menopausal women, while diabetes was also found
to increase breast cancer mortality overall (24). Interestingly, the
association between diabetes and breast cancer was strongest in
Europe, followed by America, while it was non-significant in Asia
(24). The biochemical and molecular associations between type
2 diabetes mellitus and breast cancer are outlined in Table 1 (25-
42), while the structure, uses, outcomes, and adverse reactions
of metformin are shown in Table 2 (4, 5, 38, 42, 43).

Metformin increases the effectiveness of neoadjuvant chemo-
therapy in breast cancer patients (44). In one particular study,
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Table 2. Metformin: Structure, uses, outcomes, and adverse reactions

Metformin
Structure Semi-synthetic biguanide with two methyl groups attached to its nitrogen nucleus.
Uses Approved for use to treat hyperglycemia (3), metabolic syndrome (4), and PCOS (41).

Outcomes (37)

Decreases glucose absorption from the gut.

Inhibits gluconeogenesis in the liver without stimulating insulin secretion.

Mediates increased uptake of glucose by skeletal muscle and adipose tissue, leading to a decrease in blood
glucose levels.

Increases the affinity of the insulin receptor for insulin, thus improving insulin resistance and leading to
reduction in insulin levels of approximately 25% to 33% after several days.

Decreases circulating levels of cholesterol, LDLs, and triglycerides.

Side effects

Mild gastrointestinal effects (30%) and metallic taste (3%), which are reversible with persistent use, and

(37,42) decreased levels of vitamin B12 (6%).

PCOS: polycystic ovarian syndrome; LDLs: low density lipoproteins

the pathologic complete response (pCR), i.e., the absence of
residual tumor at the time of surgery, was assessed for these
patients (44). The difference in pCR between the non-diabetic
group (16%) and the non-metformin group (8%) was significant,
as was the difference between the metformin (24%) and non-
metformin (8%) groups. In contrast, the difference between
the non-diabetic (16%) and metformin (24%) groups, although
numerically evident, did not attain clinical significance. This
proved that the anti-proliferative characteristics of metformin
impair tumor development. Moreover, because insulin use was
twice as great in the non-metformin group compared to the
metformin group (33% and 16%, respectively), it was observed
that higher insulin levels were associated with decreased pCR
(44). However, overall disease recurrence did not differ signifi-
cantly between the groups, and both diabetic groups had worse
overall survival than the non-diabetic group (45).

Various epidemiological studies have demonstrated a lower
incidence of mortality from cancer in diabetic patients receiving
low-dose metformin. A large meta-analysis (46) demonstrated
that the overall cancer rate decreased by 31% in patients tak-
ing metformin compared to patients taking other anti-diabetic
drugs. This difference was significant for pancreatic and liver
cancer but was not significant for colon, breast, and prostate
cancer.

This supports earlier results that showed that cancer incidence
decreased by more than 50% in patients who had been taking
metformin for over 4 years (47). In 2012, another meta-analysis
confirmed the beneficial effects of metformin for decreasing
the risk of cancer and reducing overall cancer mortality (48).
The mechanisms underlying the action of metformin are com-
plex and are far from fully understood. The beneficial effects of
metformin may be indirect (through insulin), or it may directly
affect the proliferation and growth of cells (45). Many mecha-
nisms of metformin action have been proposed, as outlined in
Table 3 (3, 45, 49-54).

Preclinical models show that metformin can lower the inci-
dence of breast cancer (55). Metformin affects ER+ and ER- cell

lines as well as human epidermal growth factor receptor 2
(HER-2) normal and abnormal cancer cell lines; it inhibits cell
proliferation and causes cell cycle arrest at the G1 checkpoint,
probably through reduction of cyclin D1 and E2F1 expression.
It also inhibits MAPK, Akt, and mTOR activity in all of these
cell lines. However, metformin does not induce apoptosis.
Furthermore, at high doses, metformin was found to reduce
HER-2 expression in cancer cells overexpressing HER-2; at
lower doses, it was found to inhibit HER-2 tyrosine kinase activ-
ity (55).

As demonstrated in preclinical models, metformin at a low
dose can inhibit the tyrosine kinase activity of the HER-2 recep-
tor; also, a high dose of metformin can downregulate HER-2
(38). Thus, therapeutically combining metformin with the anti-
HER-2 monoclonal antibody trastuzumab may be very efficient
to eliminate stem/progenitor cell populations with amplified
HER-2. This is particularly due to the fact that metformin can
prevent resistance to trastuzumab treatment; this is very often
mediated by high levels of IGF and insulin, which bind to their
respective receptors and induce cellular proliferation, inhibi-
tion of apoptosis, angiogenesis, and metastasis. Metformin can
decrease circulating insulin and IGF levels and can thus disrupt
this alternative pathway for tumor development.

In the prevention setting, metformin can therefore regulate the
rate of proliferation of tumor progenitor cells in premalignant
lesions, thus preventing or delaying malignant tumor forma-
tion (38). Furthermore, by regulating proliferation of dormant
cancer stem cells, metformin can also prevent recurrence of
breast cancer; thus, it may be effective for secondary preven-
tion of breast cancer.

Cancer is the second leading cause of death worldwide, while
diabetes is the twelfth (48). Considering that the prevalence of
diabetes is constantly increasing, the use of metformin as both
an anti-diabetic drug as well as a chemopreventive agent for
cancer will have numerous beneficial implications and positive
results.
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Table 3. Proposed mechanisms of action of metformin

J Turk Ger Gynecol Assoc 2016; 17: 214-23

Metformin

Increases AMP: ATP ratio by targeting complex I in the mitochondrial electron transport chain (48).

Activation of
AMPK

Increased AMP: ATP ratio induces activation of AMPK, mediated through a variety of proteins, including the
tumor suppressor protein LKB1, CaMKK, and TAKI1.

not metabolized (49).

The tumor suppressor gene LKB1 is very commonly mutated in lung and pancreatic cancers as well as
melanomas. The absence of functional LKB1 in breast cancer is associated with a poor prognosis, suggesting
that sensitivity to metformin may be mediated by LKB1 (37). Metformin resistance may also be due to genetic
polymorphisms in the organic cation transporter 1, a transporter crucial for the transport of metformin, which is

Activated AMPK

Inhibits processes that consume ATP, such as gluconeogenesis, protein synthesis, and fatty acid synthesis.

Promotes processes that generate ATP, such as glycolysis and oxidation of fatty acids; because tumor cells
require high levels of fatty acid synthesis, this shift from anabolic pathways toward catabolic pathways partly
explains the anti-proliferative activity of metformin.

Inhibits cellular proliferation (44). AMPK is involved in a complex regulatory network, integrating extracellular
and intracellular stimuli to control processes that are crucial to maintain tissue size. AMPK phosphorylates and
stabilizes the tumor suppressor protein TSC2, which interacts with the mammalian target of rapamycin (mTOR),
the master regulator of cellular protein synthesis (50). In this way, AMPK inhibits mTOR activity, thus inhibiting
tumorigenesis, cancer progression, angiogenesis, and metastasis. This provides a theoretical basis for
combining metformin and agents targeting the PI3K/Akt pathway to efficiently inhibit the PISK/Akt/mTOR
interactive pathway and prevent tumorigenesis.

Inhibits expression of the aromatase gene, thus decreasing local production of estrogen and reducing the risk of
developing hormone-dependent breast cancers.

effect (52, 53).

Chronic activation of AMPK is also believed to lead to activation of p53 and cellular senescence (51). p53 acts as
a metabolic checkpoint, inducing cell cycle arrest in situations of low cellular energy (52). Furthermore, active
p53 can inhibit glycolysis and enhance oxidative phosphorylation, preventing the Warburg effect (i.e., the
reprogramming of cellular metabolism toward aerobic glycolysis and away from oxidative phosphorylation, a
phenomenon common to approximately 60% to 90% of tumors) (52). The shift towards aerobic glycolysis in the
Warburg effect is required to meet the needs of constant proliferation due to enhanced metabolism and uptake
of glucose. In fact, this shift provides the basis for positron emission tomography, using a radioactive analog

of glucose to identify tumors with increased uptake and metabolism of the glucose analog. Metformin may
inhibit this shift if p53 is functional. However, the fact that some studies show that metformin can actually
enhance glycolysis through mitochondrial poisoning creates controversy, which has yet to be resolved through
further research. Furthermore, mutations in p53 cause metabolic alterations, leading to the Warburg

AMP: adenosine monophosphate; ATP: adenosine triphosphate; AMPK: 5’ adenosine monophosphate-activated protein kinase; LKB1: liver kinase B1;
CaMKK: calcium/calmodulin-dependent protein kinase kinase; TAK1: transforming growth factor beta-activated kinase 1; TSC2: tuberous sclerosis
complex 2; mTOR: mammalian target of rapamycin; PI3K: phosphatidylinositol 3-kinase; Akt: protein kinase B; p53: cellular tumor antigen p53

Statins

The anti-atherosclerotic decrease of plasma LDL caused by
statins through inhibition of the conversion of 3-hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA) to mevalonate in
cholesterol synthesis has been well studied and documented
(56). In fact, statins are the most potent class of drugs for pri-
mary and secondary prevention of cardiovascular injury.
Considering the concept that combining statins and estrogen
may have synergistic effects for improving lipid profiles in post-
menopausal women, investigations have been conducted to
determine whether statins can reduce the incidence of breast
cancer, the most controversial adverse effect associated with
estrogen therapy (57).

Interestingly, a variety of preclinical studies show that statins
can not only prevent cardiovascular diseases but may also
inhibit cancer growth and development, although the actual
mechanisms have not yet been completely elucidated (57, 58).
A proposed mechanism of action for statins is outlined in Figure

1 (59); this shows the mevalonate pathway on which statins (as
HMG CoA inhibitors) act. This is also linked to various in vitro
and in vivo studies, which are summarized in Table 4 (57-59).
Statins can also interfere with microdomain formation in
endothelial cells and inhibit oxidative stress pathways, both
enzymatically and non-enzymatically. Furthermore, statins can
upregulate endothelial nitric oxide synthase, eNOS, improving
endothelial function (60).

In an in vitro study, the effects of statins on the cellular pro-
liferation of breast cancer cell lines were studied, both alone
and in combination with estradiol (57). The breast cancer cell
lines, MCF-7 (ER+) and MDA-MB 231 (ER-), were cultured in
the presence of the lipophilic statins atorvastatin, lovastatin,
fluvastatin, simvastatin, and hydrophilic pravastatin, both alone
and in combination with estrogen. The results showed that all
statins, with the exception of pravastatin, significantly inhibited
cellular proliferation in both cell lines after four days of culture;
this association was dose-dependent. The inhibitory values
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Table 4. Effects of statins as outlined in Figure 1

Endothelial cells

Interfere with microdomain formation and inhibit oxidative stress pathways, both enzymatically and
non-enzymatically. Statins can also upregulate endothelial nitric oxide synthase, eNOS, improving endothelial
function (59).

In vitro breast
cancer cells

In an in vitro study, the effects of statins on cellular proliferation of breast cancer cell lines were studied, both
alone and in combination with estradiol (56). The breast cancer cell lines, MCF-7 (ER+ cells) and MDA-MB 231
(ER-), were cultured in the presence of the lipophilic statins atorvastatin, lovastatin, fluvastatin, and simvastatin,
as well as the hydrophilic statin pravastatin, both alone and in combination with estrogen.

The results showed that all statins, with the exception of pravastatin, significantly inhibited cellular proliferation
in both cell lines after four days of culture; this association was dose-dependent. The inhibitory values ranged
from 10% to 90%, and the inhibition was greater in ER- cells. In ER+ cells, atorvastatin was a less potent inhibitor
than the other statins.

In the presence of estrogen, all statins equally inhibited cellular proliferation in ER+ cells. However, the statins
were not completely successful in preventing cellular proliferation in the presence of stimulating estradiol (56).

Further in vitro studies demonstrate the ability of the lipophilic statins to prevent cellular proliferation in tumor

cell lines that are hormone receptor-positive and HER-2-negative (MCF-7), hormone receptor-negative and
HER-2-positive (SKBr3), and double negative (MDA-231) (57).

activated Ras and HER-2 pathways.

In vitro, the hydrophilic statin pravastatin shows no inhibitory effect on any cell lines. In contrast, the lipophilic
statins fluvastatin, lovastatin, and simvastatin show significant cell growth inhibition, particularly in cells with

Furthermore, response to statins appears to be associated with cellular levels of NF-xB, an anti-apoptotic
mediator and transcription factor complex. Within four hours of statin treatment, all three cell lines showed
significant reductions in cellular p-MEK1/2 levels; these are key factors in the Ras-Raf-MEK-MAPK pathway,
which drives cellular proliferation. However, this decrease was transient, and the levels began to increase after
12 hours. In SKBr3 cells, levels of activated NF-kB decreased to approximately 70% after 48 hours, and AP-1
levels also decreased. Moreover, cyclin D1 levels were seen to decrease, thus halting the cell cycle, while the
levels of apoptotic mediators, mainly caspases (57).

In vivo (mice
inoculated with
MCNeuA cells)

In vivo, mice inoculated with MCNeuA cells (HER-2+, ER-), benefit from oral treatment of simvastatin at 1 to 2
mg/kg body weight daily (equivalent to approximately 5 to 10 mg daily in humans) (57). Tumors from mice
treated with statins appeared to be richer in caspases, showing enhanced apoptosis (57).

eNOS: endothelial nitric oxide synthase; ER: estrogen receptor; MCF-7: Michigan Cancer Foundation-7 cell line; MDA-MB 231: cell line with breast ad-
enocarcinoma metastases derived from pleural effusion; HER-2: human epidermal growth factor receptor 2; SKBr3: cell line with breast adenocarci-

noma metastases derived from pleural effusion; Ras: rat sarcoma gene; NF-kB: nuclear factor kB; Raf: rapidly accelerated fibrosarcoma kinase; MEK:
mitogen-activated protein kinase kinase; MAPK: mitogen-activated protein kinase; MCNeuA: mammary carcinoma from Neu transgenic mouse A

ranged from 10% to 90%; the inhibition was greater in ER- cells.
In ER+ cells, atorvastatin was a less potent inhibitor than the
other statins. In the presence of estrogen, all statins showed
equal inhibition of cellular proliferation in ER+ cells. However,
the statins were not completely successful in preventing cel-
lular proliferation in the presence of stimulating estradiol (57).

Further in vitro studies have demonstrated the ability of the lipo-
philic statins to prevent cellular proliferation in tumor cell lines
that are hormone receptor-positive and HER-2-negative (MCF-
7), hormone receptor-negative and HER-2-positive (SKBr3), or
double negative (MDA-231) (58). In vitro, the hydrophilic statin
pravastatin showed no inhibitory effects on any cell line. In
contrast, the lipophilic statins fluvastatin, lovastatin, and simv-
astatin showed significant inhibition of cell growth, particularly
in cells with activated Ras and HER-2 pathways. Furthermore,
response to statins appeared to be associated with cellular lev-
els of NF-«xB, an anti-apoptotic mediator and transcription factor
complex. Within four hours of statin treatment, all three cell
lines showed significant reductions in cellular p-MEK1/2 levels,
a key player in the Ras-Raf-MEK-MAPK pathway that drives cel-

lular proliferation. However, this decrease was transient, and
p-MEK1/2 levels began to increase after 12 hours. In SKBr3 cells,
levels of activated NF-kB decreased to approximately 70% after
48 hours; AP-1 levels also decreased. Moreover, levels of cyclin
D1 were seen to decrease, thus halting the cell cycle, while the
levels of apoptotic mediators, mainly caspases (58).

In an in vivo study, mice inoculated with MCNeuA cells (HER-
2+, ER-) benefitted from oral treatment of simvastatin at 1 to
2 mg/kg body weight daily (equivalent to approximately 5 to
10 mg daily in humans) (58). Tumors from mice treated with
statins appeared to be richer in caspases, showing enhanced
apoptosis (58).

Epidemiological studies provide conflicting evidence. Numerous
studies have demonstrated that statin use is associated with a
lower risk of developing cancer (61-64), while other studies
describe an increased risk (65, 66). Bonovas et al. (67) conduct-
ed a meta-analysis of 7 randomized trials and 9 observational
trials; they concluded that statin use did not affect the risk of
developing breast cancer. The overall incidence of breast can-
cer was calculated to be 1.55% in the treatment group receiving
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Figure 1. Proposed mechanism of action of statins (59)

statins (132 cases) and 1.43% in the non-treatment group (122
cases). This difference was not found to be statistically signifi-
cant. However, the trials included in this meta-analysis mainly
focused on the effects of statins on cardiovascular disease;
the dosages were set only in this regard, and follow-up was

relatively short. The effects of long-term statin use and the inci-
dence of breast cancer could not be identified, which may have
affected the observed association between statin use and risk
of breast cancer. Furthermore, this meta-analysis included the
use of both lipophilic and hydrophobic statins; the latter cannot
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permeate the cell membrane and thus do not exert activity on
cellular proliferation and motility. This may have also led to the
calculated lack of association between statin use and risk of
breast cancer.

More recently, a trial was performed to test the chemopre-
ventive abilities of fluvastatin in women with diagnosed DCIS
or stage 1 breast carcinoma. Patients were randomized to
receive either 80 mg daily or 20 mg daily of fluvastatin for 3 to 6
weeks prior to surgery. The results showed that fluvastatin was
most effective in patients with high grade (poorly differenti-
ated) tumors. The proliferation of these tumors decreased by a
median of 7.2%, while in low grade tumors, this decrease was
only 0.3%; the difference between the two was statistically sig-
nificant. Overall, tumor apoptosis increased in 38% of patients,
remained the same in 41%, and decreased in 21%; high grade
tumors showed an increase in apoptosis (68).

The preclinical, clinical, and epidemiological results show that
statins can likely reduce the incidence of breast cancer and
may have anti-tumor potential. However, controversy persists.
Further investigation is still required to identify whether statin
use is truly associated with reduced incidence of breast cancer,
the magnitude of this association, and the class of patients in
which it is most likely to be prevalent.

In conclusion, because the abovementioned drugs have differ-
ent mechanisms of action than the endocrine drugs currently
used as chemopreventive agents (mainly SERMs and Als), they
may be useful as chemopreventive agents in non-responders to
conventional chemoprevention. This makes sense, especially
when considering that these same drugs are also being used
to treat concurrent, prevalent conditions such as diabetes
and hyperlipidemia. However, further studies to evaluate the
chemopreventive potency of these drugs compared to current
chemopreventive strategies are required to clarify this contro-
versial issue. These studies may associate these drugs with
chemopreventive benefits in breast cancer and may also iden-
tify which patient groups are likely to benefit from this novel
application of these drugs. The desired result would be the
clinical implementation of these further studies, thus providing
another mechanism of chemoprevention of breast cancer and
reducing polypharmacy in the respective patients; thus, the
instance of adverse drug reactions and drug-drug interactions
would decrease.
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Robotic surgery in gynecology
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Abstract

Robotic surgery is the most dynamic development in the sector of minimally invasive operations currently. It should not be viewed as an alterna-
tive to laparoscopy, but as the next step in a process of technological evolution. The advancement of robotic surgery, in terms of the introduction
of the Da Vinci Xi, permits the variable use of optical devices in all four trocars. Due to the new geometry of the “patient cart,” an operation can
be performed in all spatial directions without re-docking. Longer instruments and the markedly narrower mechanical elements of the “patient
cart” provide greater flexibility as well as access similar to those of traditional laparoscopy.

Currently, robotic surgery is used for a variety of indications in the treatment of benign gynecological diseases as well as malignant ones. In-
terdisciplinary cooperation and cooperation over large geographical distances have been rendered possible by telemedicine, and will ensure
comprehensive patient care in the future by highly specialized surgery teams. In addition, the second operation console and the operation
simulator constitute a new dimension in advanced surgical training. The disadvantages of robotic surgery remain the high costs of acquisition

and maintenance as well as the laborious training of medical personnel before they are confident with using the technology.

(J Turk Ger Gynecol Assoc 2016; 17: 224-32)
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Robotic surgery in gynecology

Robotic surgery is a dynamic development for minimally inva-
sive procedures. The specialty of gynecology consistently offers
new opportunities for innovative surgical techniques and the
advancement of existing therapy approaches (Figure 1).

Ever since the American FDA granted approval of the Da Vinci
operation robot for gynecological operations in 2005, about
three million robotic operations have been performed world-
wide. 3500 Da Vinci systems are currently in use: 586 of these
in Europe and 77 in Germany (4™ quarter of 2015). According
to the figures of Intuitive Surgical, about 600,000 interventions
were performed on a worldwide basis in the year 2014, of
which 50% were performed in gynecology, approximately
30% in urology, and about 20% in general and chest surgeries.
In 2011, the proportion of robotic hysterectomies performed
for benign indications in the USA was as high as 27% (1).
Currently, we have experience in robotic surgery for the
majority of gynecological operations and fields of application.
The known advantages of minimally invasive surgery, such as
less blood loss, shorter durations of hospital stay, and lower
patient morbidity compared to open procedures, have been
observed here as well. Better exposure of the operating field
by 3D technology and the extension of surgical instruments
to 7 degrees of freedom permit the use of minimally invasive
surgery, even for complex indications. Robot-assisted manip-
ulation of the instruments permits tremor-free handling and
reduces work fatigue for the surgeon, which is very advanta-

geous for the surgeon as well as the patient in long and com-
plex interventions. The possibility of working simultaneously
on two parallel consoles shortens the learning curve, reduces
complication rates, and facilitates the training of surgeons (2).
The advancement of robotic surgery in terms of the Da Vinci
Xi permits the variable use of optics in all four trocars (para-
aortic lymphadenectomy, omentectomy, or interdisciplinary
surgery in the upper abdomen can be performed without
re-docking) and ensures markedly greater flexibility due to
the optimized geometry of the so-called patient cart. Robotic
surgery has been criticized for the fact that it requires the use
of larger trocars compared to conventional laparoscopy, and
is therefore associated with more numerous and larger cos-
metic scars; this is avoided by the smaller trocars now used
in robotic surgery (3). The development of the single-site
systems signifies further new options for the gynecological
surgeon (Figure 2). For instance, freedom of movement is
now maximized by the introduction of one or more additional
working trocars (4, 5).

The low level of postoperative pain appears to be another
advantage. It is accompanied by a lesser need for analgesics
and even shorter hospital stays compared to traditional lapa-
roscopic surgery. One explanation could be the fact that the
abdominal wall need not be used as a counter bearing. The
absence of irritation and the advantage of tissue protection
seem to display very positive effects (6, 7).

The disadvantages, on the other hand, are the still high costs
of installation and maintenance, the longer operating times

E E E Address for Correspondence: Ibrahim Alkatout
- HMAE o ail: Riel school@uksh.de

4+ DOI: 10.5152/jigga.2016.16187

_'II fq,_‘- ©Copyright 2016 by the Turkish-German Gynecological Education and Research Foundation - Available online at www jtgga.org



J Turk Ger Gynecol Assoc 2016; 17: 224-32

a b
Y
L B
1 “.I.'.-'.'l . T &
] B
EE——— (]

Figure 1. a, b. Da Vinci Si system with its central optical arm (12
mm diameter) and 3 working trocars, each 8 mm in diameter (a).
The Da Vinci Xi system is markedly smaller with four identical
flexible arms (8 mm each) (b). The camera and working trocars
can be exchanged as desired. The simpler handling of the console
and the instruments is not visible here.

Figure 2. a, b. Single-site laparoscopy with the Da Vinci Xi sys-
tem. An overview of the robot arms lying close to each other and
the better distance because of the much smaller Xi system (a)
Intraabdominal operations can be performed with angulated op-
tical instruments and surgical instruments within a very small
space without loss of quality (b). The single port is placed in the
navel and additional working trocars can be placed at various
sites in the abdominal wall to support the operation.

(at least in the beginning), and the initial learning curve that
has to be traversed again (even by experienced laparoscopists)
in order to work safely and gently. Doctors (anesthetists and
surgeons) as well as nursing staff have to be trained for working

Alkatout et al.
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Table 1. Advantages of the Da Vinci robot system compared
to conventional laparoscopy

Advantages of the Da Vinci robot system compared to
conventional laparoscopy

Ergonomics

Intuitive handling of instruments

3-D optics without additional equipment

7 degrees of freedom

Faster learning curve

Digital networking

Dual console

Integrated fluorescence visualization (Firefly)

Less postoperative pain

Table 2. Disadvantages of the Da Vinci robot system
compared to conventional laparoscopy

Limitations of the Da Vinci robot system compared to
conventional laparoscopy

Higher costs of disposable materials and maintenance

Absence of tactile feedback

Additional learning curve

Additional time for docking

Usually requires more numerous and larger puncture sites
(Si System)

with the robot system (2, 5). The advantages and limitations of
robotic laparoscopy are shown in Table 1, 2.

Application in benign gynecological diseases

The use of robotic surgery for gynecological diseases extends
to nearly all surgical therapy options. However, owing to the
high cost of robotic surgery, it will probably not become a com-
mon procedure for the treatment of benign diseases. Currently,
robotic surgery is focused on malignant diseases whose costs
are borne more easily by the health care system. Nevertheless,
it would be necessary to develop innovative operation concepts
that make robotic surgery a viable option in benign disease
treatment as well. (1, 8). The new technical advancements
of the surgery robot may help to extend the use of minimally
invasive procedures to complex fields of application that were
previously accessible only to laparotomy while utilizing the
advantages of the minimally invasive approach. Potential areas
of use for robotic surgery in benign gynecological diseases are
shown in Table 3.

Robotic hysterectomy for benign diseases is currently the
alternative to conventional laparoscopy in many developed
countries. The frequent use of robotic surgery has further
reduced the number of abdominal hysterectomies, especially
in the USA (Figure 3). Cases of complex comorbidities, such as
severe adhesions, obesity, or deep infiltrating endometriosis,
are well suited for robot-assisted surgery (9). Lim et al. (10)
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Table 3. Applications of Da Vinci robotic surgery for be-
nign gynecological disease

Use of robotic surgery for malignant gynecological disease

Cervical cancer Radical hysterectomy
Total mesometrial resection (TMMR)
Trachelectomy

Endometrial cancer  |Hysterectomy

Peritoneal mesometrial resection (PMMR)

Lymphadenectomy
and sentinel biopsy
(dye and fluorescence)

Pelvic lymphadenectomy

Paraaortic lymphadenectomy
Exenteration Anterior exenteration

Posterior exenteration
Ovarian cancer Staging of early ovarian carcinoma

De-bulking advanced ovarian carcinoma
Omentectomy
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Figure 3. Trends in the use of hysterectomy methods in Western
countries

published the first comprehensive multicenter study on this
subject, which was only focused on experienced surgeons
(>60 operations), thus circumventing the distorting effect of the
learning curve. The authors analyzed more than 30,000 hyster-
ectomies with a 30-day follow-up period. Robotic hysterectomy
for benign disease was compared with alternative surgical
modalities. Even in complex operations, robotic hysterectomies
were associated with a lower intraoperative complication rate
compared to abdominal and vaginal hysterectomies, and a sig-
nificantly lower postoperative complication rate compared to
other surgical procedures, especially laparoscopy.

In patients with a symptomatic myomatous uterus of reproduc-
tive age, or in women who undergo the surgical procedure
because they wish to have children, enucleation of the myoma
is an organ-preserving therapy option (11). One of the most
dreaded complications of this operation is rupture of the uterus.
Due to its simplified suturing method, and the possibility of
uterine reconstruction, robotic surgery yields similar results and
is associated with similar rupture rates as the open procedure,
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especially in this setting. In a population of 107 patients, Pitter
et al. (12) reported 92 births and only one case of uterine rup-
ture. Since these patients are still young, they benefit greatly
from the minimally invasive approach in terms of long-term
sequela, such as adhesions or weakness of the abdominal wall.
Deep infiltrating endometriosis is one of the most suitable
indications for robotic surgery in benign gynecological disease
treatment. Since the patients are still young and wish to have
children, they require organ-preserving and tissue-protective
surgery (13). Continuity is usually preserved during excision of
the endometriosis from the rectum and the ureter. However,
more extensive interventions with partial resection of the
bowel or bladder can also be performed with lower complica-
tion rates by this minimally invasive approach. Furthermore,
the excellent view and the precise navigation of instruments
permit preservation of the ovarian reserve, optimal restoration
of anatomical conditions, and the prevention of postoperative
adhesions (13). Recent investigations have shown that robotic
surgery achieves these goals in the vast majority of cases, such
as the fulfillment of a woman’s wish for children, a significant
reduction of pain, and the improvement of gastrointestinal
symptoms. Further studies in large cohorts of patients will show
whether, and to what extent, robotic surgery is superior to a
traditional laparoscopic procedure (14).

Urogynecological interventions can be performed safely, pre-
cisely, and rapidly with the robot. The results of sacrocolpopexy
are similar to those obtained by open surgery. The robot is
especially useful for better visualization and handling in the
presacral region, as well as in the insertion of a mesh and its
secure fixation to the vaginal stump, the cervical stump, or the
presacral area (15).

Re-anastomosis of the fallopian tubes for the purpose of re-
fertilization is associated with a success rate of 67.6% in open
surgery, and a 5.6% incidence of ectopic pregnancies. (16).
Compared to conventional laparoscopy, the operation robot
permits more “delicate” handling and a better view of the ana-
tomical/histological layers, which is required for precise sutur-
ing and exact restoration of anatomical conditions (17). The
disadvantage compared to the open procedure is the longer
operating time. However, the duration of the hospital stay and
the period of convalescence are markedly reduced (18). Long-
term investigations will show whether robot-assisted surgery
provides similar success rates as the open procedure. Notably,
recent investigations revealed a re-anastomosis rate higher
than 90% (19) (Figure 4, 5).

In obstetrics, cervical cerclage is another field of application
for robotic surgery in order to avoid preterm births in patients
with cervical insufficiency (20). The most common method is
operation by vaginal access. When this is rendered impossible
because of an excessively short cervix (caused by extensive
conization, for instance) or for other technical reasons, abdomi-
nal access serves as an alternative (21). Here the advantages of
the robotic procedure compared to the traditional laparoscopic
approach include a much simpler intracorporeal suturing and
more precise intraoperative exposure with less injury to the
adjoining structures. A cerclage may be applied before, as well
as during, a pregnancy. Successful pregnancies, near-term
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Figure 4. a-d. Operation site after laparoscopic sterilization on
the right side (a) and the left side (b). After freshening the wound
edges in the distal aspect and mobilization of the mesentery, a
thin and blunt catheter is inserted into the distal end; the catheter
protrudes from the fimbrial funnel of the fallopian tube (c). The
other end of the catheter is pushed into the freshened proximal
end so that it almost serves as a bridge (d).

Figure 5. a-d. The first suture is made, strictly in the seromuscu-
lar aspect, omitting the mucosa. Very thin suture material or even
monofilament sutures (at least 4-0) are suitable for this purpose
(a). Four to eight sutures (b) that may then be knotted consecu-
tively (c). Final situs on the left side after complete re-anastomo-
sis (d). Bland suture and successful chromopertubation; no con-
trast medium emerges from the suture area and contrast medium
is drained promptly through the fimbriae.

births, and low rates of preterm births have been reported for
both procedures (22, 23). As the removal of the cerclage at the
end of pregnancy is rendered very difficult by its intraabdominal
positon, in these cases, a primary cesarean section is usually
the only possible mode of delivery. Basically, the procedure
is still in the experimental stage and should therefore be con-
fined to individual cases after an exact estimation of the risks
involved. It should be performed at centers specialized in the
technique and in the course of clinical studies.

Application in malignant gynecological disease
The use of robotic surgery for malignant gynecological dis-

eases is increasing in proportion to centralization and the
availability of the robot. In the meantime, several retrospec-
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tive and comparative studies have shown that the oncological
outcome of minimally invasive surgical procedures is at least
equivalent to that of open surgery. This is true of the general
advantages of minimally invasive surgery as well as specific
oncological aspects, although long-term studies on this subject
are largely unavailable yet. A few investigations have shown
that, for instance, robotic radical hysterectomies appear to be
equivalent to surgery by the abdominal approach in terms of
long-term survival. In fact, the robotic procedure is possibly
superior to the conventional procedure in terms of the number
of resected lymph nodes (7, 24).

Despite the success of screening programs and HPV vaccina-
tion, cervical carcinoma continues to be a global problem. The
feasibility of radical hysterectomy with the aid of the robot has
been confirmed on several occasions. Compared to abdomi-
nal and conventional laparoscopic radical hysterectomy, the
authors observed lesser blood loss, shorter operating times,
lower complication rates, and shorter hospital stays (25).
Nevertheless, the existing body of data is still heterogeneous.
Besides, large randomized controlled studies that would elimi-
nate bias on the part of individual surgeons and permit general-
izations are still lacking (26).

The use of the robot may be meaningful even in fertility-con-
serving operations like trachelectomy. However, the majority
of these operations are performed at individual centers. The
three-dimensional image, large magnification, and tremor-free
work ensure optimal visualization of vascular structures and
the parametria, which must be partially preserved during the
operation. The largest study published so far, based on two
centers in Sweden, showed a pregnancy rate of 81% and a low
rate of preterm births (71% delivered their children after the 36"
gestational week) in 56 women (27).

The technique of total mesometrial resection (TMMR) of the
uterus was first described by Michael Hockel and is now an
established alternative in robot-assisted surgery for the treat-
ment of cervical cancer. In contrast to the Wertheim-Meigs
operation, it is not oriented to traditional anatomical margins,
but integrates the principles of embryonic development into
the concept of the morphogenetic uterovaginal unit. The data
reported thus far indicate that the new therapy approach is
associated with a large recurrence-free interval, better five-year
survival rates, and lower morbidity rates compared to the tra-
ditional approach. These advantages are largely attributable to
the absence of locoregional recurrence and the avoidance of
additional adjuvant radiotherapy (28). TMMR can now also be
performed by a minimally invasive approach (29).

Endometrial carcinoma is the most common malignant geni-
tal tumor among women in the Western world. At the time of
diagnosis, the tumor is limited to the uterus in about 70% of
cases. The primary therapy approach is surgery, consisting of
hysterectomy with bilateral adenectomy. Surgery in endometrial
cancer can be performed by the open approach, the minimally
invasive approach (laparoscopic or robotic) or, in early tumor
stage cases, even by the vaginal approach. Robotic hysterectomy
with bilateral adenectomy was evaluated in a Danish study in
regards to its impact on quality of life. A significant limitation of
quality of life was noted one week postoperatively (56% of the
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Figure 6. a-d. Schematic diagram of a lymph node. Several affer-
ent lymph vessels from the peripheral aspect, central blood sup-
ply, and one or two efferent lymphatic vessels (a). Sentinel lymph
nodes in endometrial cancer, here at the level of the common iliac
artery on the right side, color-marked with methylene blue (b). In
comparison: sentinel lymph node intraoperatively in endometrial
cancer (c), partly marked with the fluorescent dye indocyanine
green (d), here at the level of bifurcation of the common iliac
artery on the right side.

baseline value). However, just 5 weeks post-surgery, the mean
activity level of the patients were as high as 84%, thus reaching
the preoperative baseline value (30). Especially the depth of
tumor infiltration and histological grading determine the need for
simultaneous or two-stage pelvic and paraaortic lymphadenec-
tomy. Robotic surgery achieved equivalent or better oncological
results compared to laparoscopy. A Finnish investigation of 99
patients revealed no difference in the number of resected lymph
nodes; but robotic surgery was associated with shorter operating
times, fewer conversions to laparotomy, as well as fewer minor
and major complications (31). In an American study, the robot-
assisted approach was found to be superior to the laparoscopic
approach (32). The increasing use of minimally invasive surgical
procedures also permits the application of sentinel node con-
cepts. Sentinel nodes can be marked in color or by a fluorescent
dye with the robot, and signify a further advancement compared
to traditional laparoscopy (Figure 6) (33). Indocyanine green can
also be used for intraoperative navigation, during ontogenetic
compartment resection, in order to visualize the compartmental
lymphatic system (34). Based on ontogenetic development, a
new surgical concept has now been developed for compart-
ment-based radical peritoneal mesometrial resection (PMMR)
and therapeutic lymphadenectomy, according to Hockel, for the
purpose of reducing locoregional recurrence. The efficacy of
mesometrial resection of endometrial cancer is a part of ongoing
studies in open as well as robotic surgery (35).

A large number of patients with endometrial cancer are over-
weight and obese. About 40% of the patients are overweight.
The effort involved in the treatment of obese individuals is
significantly greater than that for the treatment of non-obese
patients with the same disease. Approximately one half of all
endometrial cancers are operated upon with the minimally

invasive approach. The limits of conventional laparoscopy
become especially evident here. The general view of the lesser
pelvis and the limited mobility of instruments have been report-
ed as the primary limitations. These patients could especially
benefit from the advantages of robotic surgery. Low complica-
tion rates have already been reported in many cases (36).
Other meaningful applications include anterior/posterior exen-
teration as interdisciplinary interventions. First described by
Brunschwig in 1949, exenteration is still the treatment of choice
for advanced or recurrent malignancies in the central compart-
ment. Exenteration is frequently the sole potentially curative
surgical method for recurrent cervical or endometrial cancer.
Especially because of the ubiquitous use of laparoscopy in
advanced urological disease and diseases calling for visceral
surgery, the interdisciplinary approach permits the clinician to
utilize the advantages of minimally invasive surgery (37).

The use of robotic surgery for the treatment of ovarian cancer is
a debated issue, but should be viewed in the same context as the
laparoscopic operation. At least for staging early carcinomas, as
well as completion surgery for borderline tumors, the advantages
of the minimally invasive approach are obvious. Simultaneously,
there appears to be no evidence of any drawbacks. Attempts
have also been made to use the robot for de-bulking surgery in
ovarian cancer (38, 39). The necessity to operate in all four quad-
rants implies re-docking and rotation of the operating table. Since
the body of data on this subject is still rather scarce, the patients
should be selected individually; the procedure should undoubt-
edly be regarded as experimental (40).

Table 4 provides an overview of recent reports on the use of
robotic surgery for malignant gynecological diseases.

Application in complex situations

In an age of increasing medical specialization and profession-
alization, the interdisciplinary approach is gaining importance.
Even in surgical specialties, the use of a multimodality therapy
concept and good cooperation between the individual special-
ties are becoming increasingly important (41). Especially, these
facts offer new opportunities for robotic surgery. The direct divi-
sion of the operation between surgeons of various specialties is
rendered possible by two operation consoles that can be used
simultaneously. This permits the specialists, who have different
points of focus, to complement each other in symbiotic fashion.
Furthermore, operating far from the field of operation enables
a more rapid exchange of surgeons. Modern communication
systems and telemonitoring have made it possible to exchange
information over a large distance (42). In addition to saving
resources and reducing costs, it is possible to work more effec-
tively and provide better patient care.

Overweight patients constitute one of the greatest problems in
health care and health care costs in the modern Western world.
In Germany, approximately every second woman is overweight
(BMI>25) and every fourth woman is obese (BMI>30) (43). In
addition to the generally high health risk and resulting diseases,
such as arterial hypertension, arteriosclerosis, and type Il diabe-
tes mellitus, obesity is a challenge in surgical specialties as well.
On the one hand, overweight patients benefit from a minimally
invasive approach in terms of morbidity and hospitalization. On
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Table 4. Selected studies on the use of robotic surgery in malignant gynecological disease
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Number of
Authors/Year | Disease patients Study design Study results
Margina et al. | Cervical cancer, 129 Prospective/comparison of the Less blood loss, shorter operating
2008 (25) hysterectomy abdominal, laparoscopic, and time, and shorter hospital stay.
robotic approach.
Wright et al. Cervical cancer, 1894 Retrospective/comparison of the Less blood loss, shorter hospital
2012 (41) hysterectomy abdominal, laparoscopic, and stay, and costs similar to the
robotic approach. laparoscopic procedure.
Chen et al. Cervical cancer, 100 Retrospective/comparison of the Less blood loss, shorter operating
2014 (42) hysterectomy abdominal, laparoscopic, and time, shorter hospital stay, lower
robotic approach. conversion rates to laparotomy,
less postoperative pain, and
earlier return to a normal diet.
Boggess et al. | Endometrial cancer, 322 Retrospective/comparison of the Resection of more numerous
2008 (32) hysterectomy with staging abdominal laparoscopic and robotic | lymph nodes, shorter operating
approach. time compared to TLH, and lower
complication rates compared to
the abdominal procedure.
Gehrig et al. Endometrial cancer, 81 Retrospective/comparison of the Less blood loss, shorter operating
2008 (43) hysterectomy with staging abdominal, laparoscopic, and time, shorter hospital stay, and
robotic approach in overweight higher rate of resected lymph
patients. nodes.
Gaia et al. Endometrial cancer, 1591 Systematic meta-analysis of 8 Less blood loss with similar rates
2010 (44) hysterectomy with staging studies/comparison of the of perioperative complications for
abdominal, laparoscopic, and robotic and laparoscopic
robotic approach. operations.
Stephan et al. | Endometrial cancer, 168 Retrospective/robotic hysterectomy: | Same result in regards to blood
2015 (45) hysterectomy in patients Comparison of patients with morbid | loss, complications, hospital stay,
with morbid obesity, obesity (BMI>50) and patients with | and removal of lymph nodes.
BMI>50 a lower BMI,
Feuer et al. Ovarian cancer 89 Retrospective/robotic, abdominal, Longer operating time, less blood
2013 (38) initial staging, or debulking after loss, shorter hospital stay, similar
neoadjuvant chemotherapy rates of complications, residual
tumor, 1-year survival
Magrina et al. | Ovarian cancer 52 Retrospective/Cytoreduction in case | Less blood loss, shorter hospital
2013 (39) of tumor recurrence, comparison of | stay, similar operating time,
the abdominal, laparoscopic, and complication rates, residual
robotic approaches. tumor, and survival time.

the other hand, these patients impose high demands on the sur-
geon and the operation system. Traditional laparoscopy reach-
es its limits here (4). Thanks to the robust surgical tools and 7
degrees of freedom (which dispense with the need for using
the abdominal wall as a counter bearing) in robotic surgery,
it can also be used in severely obese patients. The limitations
imposed on the anesthetist by the extremely low head-down
position have been largely overcome. Furthermore, shorter
operating times are now possible with a comparable number
of complications and hospital stays of similar duration (44, 45).

Possibilities to improve surgical training in the age of
minimally invasive surgery

In order to obtain a good result with the Da Vinci operation
robot, the surgeon first requires targeted training and sufficient
initial practice. Knowledge of open surgery, vaginal surgery,

and conventional laparoscopy are, of course, extremely impor-
tant. Working at the operation console, at a distance from the
patient, and the limited tactile feedback call for some readjust-
ment on the part of the surgeon. However, the merits of the
system create new opportunities in training and advanced
training at all levels. The paradigm shift in the last few years
has caused a growing generation of surgeons to primarily use
laparoscopy instead of traditional open surgery. Classical train-
ing of anatomy-based fundamental surgical techniques and the
positioning of the teacher’s hand next to the student’s hand are
hindered to an increasing degree by mechanization. Thus, a
basic understanding of anatomy and the specific properties of
tissue, resulting from palpatory perception, is lacking in many
cases and must be developed gradually. Hence, all surgical
approaches retain their value. However, the basic mechanical
skills of laparoscopy and robotic surgery can be acquired by
introducing the surgeon early to virtual training programs and
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Table 5. Selected studies on the cost efficiency of robotic surgery in gynecology

Study Intervention for Comparison of methods Variables Costs
Desille-Gbaguidi | Endometrial and Laparoscopic vs. robotic Overall cost of Endometrial cancer: 6,666
etal. 2013 (52) cervical cancer treatment € (laparoscopic) vs. 10,816 € (robotic)

Cervical cancer: 7,803 € (laparoscopic)
vs. 12,211 € (robotic)

Ind et al. Endometrial cancer Abdominal vs. laparoscopic | Overall cost of Abdominal: 12,462 &
2015 (53) vs. robotic treatment Laparoscopic: 9,979 &
Robotic: 8,481 &
Wright et al. Cervical cancer Abdominal vs. laparoscopic | Overall cost of Abdominal: 9,618 $
2012 (41) vs. robotic treatment Laparoscopic: 11,774 $
Robotic: 10,176 $
Wright et al. Hysterectomy for Laparoscopic vs. robotic Overall cost of Benign indication: 6,535$
2014 (57) benign and malignant treatment (laparoscopic) vs. 8,152 $ (endoscopic)
indications Malignant indication: 8,237 $

(laparoscopic) vs. 9,691 $
The cost difference is strongly
dependent on the number of
interventions

Reynisson and
Persson 2013 (54)

Radical hysterectomy
with pelvic
lymphadenectomy

Abdominal vs. robotic

Overall cost of
treatment

At a rate of 400 interventions per year,
the cost of the robotic operation is
similar to that of open surgery.

the pelvitrainer. Furthermore, the excellent imaging quality
provides a clear view and enables the surgeon to learn about
the relevant functional anatomy from a new perspective. The
dual console of the robot signifies a quantum leap in practical
surgical training. Two surgeons can work simultaneously, simi-
lar to the “driving school concept,” and perform an operation
together. Telemedicine will permit training and advanced train-
ing independent of space and time in the future (46).

Cost efficiency of robotic surgery

The most expensive aspect of robotic surgery, compared to all
other surgical procedures, is the high cost of the equipment
and the annual fixed costs (running costs and materials). In
a study conducted by Desille-Gbaguidi, the cost of operations
with the robot for endometrial cancer was 2.7-fold higher than
that of conventional laparoscopy, and the cost of operations for
cervical cancer was 2.6-fold higher than that of conventional
laparoscopy. The overall cost of patient care was 1.6-fold higher
(47). However, these calculations include the high acquisition
cost of the equipment and, especially, the prolonged operat-
ing times. Furthermore, a variety of cost factors were included
in the calculations. A careful analysis of endometrial cancer
from Great Britain, however, has recently reported the contrary
(48). There is consensus about the fact that maximum utiliza-
tion of the system and a well-coordinated team with efficient
processes of selection and organization can reduce the costs to
the level of open surgical techniques. This is primarily achieved
by progressively shorter operating times, fewer complications,
and markedly shorter hospital stays. In the long term, more
rapid convalescence and an eatrlier return to work also play a
decisive role for the health care system (49). Attempts made
thus far to compare conventional laparoscopy with robotic
surgery in regards to costs have yielded very diverse results.

The use of disposable laparoscopic instruments, for instance,
was not taken into account (50). Statistical projections about
the required number of robotic interventions per year in order
to achieve profitability range between 165 and 400 operations
(49, 51). Critical studies on the cost efficiency of robotic surgery
are shown in Table 5.

Future perspectives

The entry of alternative manufacturers in the field of robotic
surgery will transform the cost situation in a groundbreaking
manner. Increasing specialization on the one hand, and cen-
tralization on the other, will advance technological progress
and digital networking of innovative surgical procedures more
rapidly. Preliminary results obtained with the new Xi system
have shown that the new system has been adopted rapidly and
without difficulties in gyneco-oncology as well as in the interdis-
ciplinary sector. Its high flexibility and satisfactory complication
rates will lead to a larger volume of data in terms of results in
the near future, which must then be sustained from the onco-
logical point of view as well.

The fact that robot-assisted surgery complements, but does not
replace, conventional laparoscopy is an undisputed fact.
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Two successful pregnancies achieved by converting
an in vitro fertilization cycle to an intrauterine
insemination cycle in five cases with documented
premature ovulation

Kubilay Vicdan, Cem Akarsu, Eran S6zen, Burcu Bulug, Deniz K. Ustijndag', Kutay Biberoglu
Private Ankara IVF Center, Ankara, Turkey

Abstract

We here report two successful pregnancies obtained by converting an in vitro fertilization (IVF) cycle to an intrauterine insemination (IUI) cycle
in five poor responder patients whose oocyte pick-up (OPU) procedures were canceled due to documented premature ovulation immediately
before OPU. To our knowledge, this is the first article that demonstrates that switching an IVF cycle to an IUI cycle when premature ovulation
occurs on the day of OPU can produce successful pregnancies, even in poor responder patients. (J Turk Ger Gynecol Assoc 2016; 17: 233-5)
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Introduction

Diminished ovarian reserve (DOR) is closely associated with
poor response to ovarian stimulation, detection of premature
luteinizing hormone (LH) surge before ovulation trigger, pre-
mature ovulation, and failure to retrieve oocytes during timed
oocyte pick-up (OPU) procedures (1, 2). It is a common and
accepted strategy to cancel the cycle, to proceed to egg col-
lection, or to convert the in vitro fertilization (IVF) cycle to an
intrauterine insemination cycle (IUI) in these poor responder
patients (2-6); however, it is very challenging for the clinician
to decide on a course of action in cases when unpredicted,
premature ovulation is discovered as an unwelcome surprise
immediately before a timed OPU. Although cycle cancelation,
puncture of smaller residual follicles, and aspiration of follicu-
lar fluid from the pouch of Douglas are recommended meth-
ods, only a few successful pregnancies have been reported
with these attempts (7).

Therefore, we adopted a different strategy: performing last-
minute transvaginal sonography (TVS) before anesthesia
to be certain whether ovulation has occurred; if premature
ovulation has occurred, the IVF cycle is changed to a rescue
IUI in couples who have at least one patent fallopian tube
and a total progressive sperm count of >5 million. Here, we
report the cycle outcomes of five patients managed with this
approach.

Case Presentation

In this article, the results obtained from five consecutive poor
responder patients undergoing IVF complicated by premature
ovulation are evaluated. The demographic and cycle charac-
teristics of the patients are summarized in Table 1. In all cases,
ovarian stimulation was started on day 2 of the cycle using
recombinant or urinary follicle-stimulating hormone (FSH) or
human menopausal gonadotropin (hMG) in conjunction with
gonadotropin-releasing hormone (GnRH) antagonist. A start-
ing dose of 300 to 450 IU/d was administered according to the
patient’s age, ovarian reserve, and previous cycle response. A
TVS scan was performed on cycle day 5, and GnRH antago-
nist was started on day 6 in all cases as a fixed protocol. The
gonadotropins and antagonist were both continued until the
leading follicles reached =17 mm, at which time ovulation
was triggered with 10.000 IU urinary hCG (Pregnyl, MSD) or
500 ugr recombinant human chorionic gonadotropin (hCG)
(Ovitrelle, Merc Serono); the OPU procedure was scheduled
for 35 hours later. On the day when OPU was scheduled, last-
minute TVS before anesthesia detected no follicles in both
ovaries in these cases, and a diagnosis of premature ovula-
tion was made. Instead of canceling the cycle or attempting
to puncture the remaining follicular residues, IUI was offered
and performed as a rescue treatment after obtaining written
consent from the couples. Semen specimens were prepared
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Table 1. Demographic features and cycle characteristics of the patients

J Turk Ger Gynecol Assoc 2016; 17: 233-5

1 2 3 5 6
Female age/years 25 39 37 37 38
Infertility duration/years 6 1.5 7 13 17
Infertility type Primary Primary Primary Secondary Primary
FSH (mIU/mL) 11.7 21.1 20.1 9 11
Antral follicle count 2 3 3 4 4
Regular cycle + + + + +
HSG, patent tube + + + + +
TPMS/swim up (million) 6.48 6.64 21 6.23 16.2
Infertility reason Unexplained Unexplained Unexplained Unexplained Unexplained
Previous Ol cycle - 6 - - -
Previous IUI cycle 1 - - 3 3
Previous IVF cycle 3 - - - 1
Protocol type Antagonist Antagonist Antagonist Antagonist Antagonist
Gonadotropin type uFSH uFSH+HMG HMG r-FSH HMG
Starting dose 300 375 450 375 375
Total gonadotropins (Units) 2625 2550 4650 3375 6825
Trigger day 11 11 14 10 13
Follicle number, hCG day 1 1 2 4 2
Follicle number at pick-up - - - - -
Pregnancy - - - + +
FSH: follicle-stimulating hormone; TPMS: total progressive motile sperm; OI: ovulation induction; IUI: intrauterine insemination; IVF: in vitro fertiliza-
tion; hCG: human chorionic gonadotropin; HMG: human menopausal gonadotropin; HSG: hysterosalpingogram

by density gradient centrifugation. All cases received luteal
support with vaginal micronized progesterone. A blood test for
hCG was performed 14 days after IUI in all 5 cases, and 2 had
positive results. Transvaginal ultrasound confirmed a clinical
pregnancy at 7 weeks of gestation in both patients, and both of
these pregnancies are currently ongoing after 20 weeks.

Discussion

A meta-analysis has demonstrated that women with antral folli-
cle counts of fewer than four were 8.7 times less likely to become
pregnant after IVF and 37 times more likely to have their cycle
canceled compared with normoresponders (8). In poor respond-
ers with stimulated IVF cycles, the decision whether to cancel
the cycle, to continue with the egg collection, or to convert to an
IUI cycle is very challenging. Matorras et al. (4) assessed the util-
ity of transforming an IVF cycle with low response to an IUI cycle
in 57 patients undergoing IVF due to unexplained infertility, mild
to moderate male factor, or previous IUI failure. They reported a
pregnancy rate of 14% in IVF poor responders with at least 2 to
4 follicles; they concluded that IUI should be considered in the
management of poor responders. Contrastingly, in another study
of 1350 IVF cycles with one or two mature follicles, conversion

of an IVF cycle to an IUI cycle was reported to have the poor-
est prognosis, while proceeding with egg collection was much
more successful in achieving pregnancy (2). Another multicenter
comparative study which analyzed 7176 initiated cycles also sug-
gested that IVF should be pursued for women demonstrating two
follicles, while conversion to IUI was recommended for cycles
with only one follicle, if sperm and tubal parameters were favor-
able (3). It was also clearly demonstrated that performing IUI as
a rescue treatment provided no advantage over taking no further
action when no oocytes were collected during a timed follicular
puncture (6).

Encountering unexpected premature ovulation at the time of
OPU under anesthesia is another challenge for the clinician as
well as for the infertile couple; this is a totally different situation
with very few treatment alternatives. Wu et al. (7) reported
three cases of successful pregnancies with puncture of small
or medium-sized follicles to retrieve oocytes (in vifro matu-
ration was performed in two cases); however, this remains
the only success story which was not reproduced by others.
Furthermore, puncture of the remaining follicles and aspiration
of the peritoneal fluid necessitate additional methods, such as
OPU itself, and anesthesia; this imposes additional financial
and emotional burdens on the couple. Cancellation of the
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cycle is a more logical approach in the case of documented
premature ovulation during a timed OPU procedure because it
is impossible to detect the exact time of ovulation or to know if
the oocytes have already been captured by the Fallopian tubes.
In this article, our results demonstrate that couples with at least
one patent tube and with a normal sperm count can benefit
from a rescue IUI in the case of premature ovulation detected at
the time of OPU, even after previous failed IUI or IVF treatment
cycles. Therefore, we suggest a “rescue” IUI as an alternative
approach in unexplained infertility cases with DOR who are
scheduled to undergo IVF and who experience premature ovu-
lation before a timed OPU procedure.
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236 Quiz

What is your diagnosis?

An uncomplicated cesarean section was performed under general anesthesia on a 33-year-old woman with a gestational age of 34
weeks and 2 days due to a valuable pregnancy. At postoperative hour 4 the patient developed dyspnea, tachypnea, hypertension,
and agitation, and she was transferred to the intensive care unit due to worsening general condition and alteration in conscious-
ness. At initial assessment, the general condition of the patient was poor, with confusion and agitation, and her Glasgow Coma
Scale score was 13. Also, on auscultation, she had rales and rhonchi bilaterally in her lungs, her respiratory rate was 36/min, and
her cardiac rate was 160 bpm with arrhythmia. She was intubated without delay and mechanical ventilation was started (Drager
Evita 4, Germany, BIPAP mode, lung recruitment maneuver). An antero-posterior chest x-ray showed bilateral diffuse infiltrations,
and blood gas analysis indicated oxygen-resistant arterial hypoxemia (PaO,/FiO,: 75). A pre-diagnosis of severe acute respiratory
distress syndrome (ARDS) was suspected based on Berlin criteria (Figure 1, Table 1). Her central venous pressure was 6 mm
Hg. However, based on the presence of risk factors for pulmonary embolism and its clinical resemblance to ADRS, the patient’s
D-dimer level was measured and contrast-enhanced computed tomography (CT) of the chest was scheduled to rule out pulmo-
nary embolism. The patient’s D-dimer level was 2.7 mg/dL. However, CT imaging could not be performed due to her poor medical
condition, which precluded transfer to the CT unit from the ICU. Despite this, enoxaparin (Cleaxane 60 mg/0.6 mL, Sanofi Aventis;
istanbul, Turkey) s.c. BID was started due to a possible occurrence of pulmonary embolism after consultation with the departments
of pulmonology and obstetrics. A diagnosis of severe ARDS was primarily considered, and midazolam (Demizolam, DEM Medical;
Istanbul, Turkey) infusion at a rate of 10 mg/hour was commenced to increase adaptation to mechanical ventilation. Also, esmolol
(Brevibloc premiks, Eczacibasi Baxter; istanbul, Turkey) infusion was given due to a heart rate of 145 bpm and a blood pressure of
170/110 mmHg, and furosemide (Lasix amp, Sanofi Aventis; istanbul, Turkey) (4 mg/h) was given due to the presence of bilateral
rales on lung auscultation and pinkish-foamy endotracheal aspiration fluid, suggesting pulmonary edema. Additionally, clarithro-
mycin (Uniklar 500 mg, Mustafa Nevzat; Istanbul, Turkey) (2x500 mg) and ceftriaxone (Rocephin 1 gr, Saba Drugs; Istanbul, Turkey)

Table 1. The patient’s mechanical ventilation and arterial blood gas analysis

Time (hours) 0 2 4 10 36 72 96 120
Ventilatory mode BIPAP BIPAP BIPAP BIPAP CPAP CPAP y-connection Extubation
FiO, 1 0.8 0.6 0.5 0.4 0.4 0.3 0.3

nsp 30 30 30 30 - - - -
P 20 20 20 20 10 10 - -
PEEP 10 10 10 10 5 5 - -
Respiratory rate 14 14 14 14 0 0 - -
PaO,/FiO, 75 89 101 133 175 272 245 383
pH 6.98 7.07 7.27 7.48 7.53 7.42 7.45 7.47
PaCO, 66 59 41.4 32.6 34.2 42.9 39.9 39.2
PaO, 75 714 60.6 66.7 70.3 109 73.5 115
Sa0, 79 82.7 84.8 94.1 94.9 97.7 93.4 97.7
HCO, 11.1 13.4 18.3 26.1 30.1 277 27.8 28.8
Lactate 6.7 5.7 4 2.4 1.1 1.9 2.1 14
Base excess -14.6 -11.9 -6.8 1.3 6.1 3.8 3.8 4.7
BIPAP: bilevel positive airway pressure; CPAP: continuous positive airway pressure; FiO,: fraction of inspired oxygen; Pinsp: inspiration pressure; P, ..
pressure support above PEEP; PEEP: positive end-expiratory pressure; PaO,: partial arterial oxygen pressure; PaCO,: partial arterial carbon dioxide
pressure; Sa0,: arterial oxygen saturation; HCO,: bicarbonate
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(2x1 gr) were started due to possible pneumonia. Magnesium
(Magnesium sulfate amp 15%, Biofarma; Istanbul, Turkey) was
infused at a dose of 60 mg/h on the basis of its neuroprotec-
tive effects as well as its therapeutic effects on pre-eclampsia.
Esmolol infusion was gradually reduced as the patient’s blood
pressure and heart rate returned to normal values. Mechanical
ventilation parameters were adjusted according to serial arte-
rial blood gas measurements and chest x-ray findings (Table

1, Figure 1). Progressive improvement was observed clinically;
sedation was stopped on day 4, and the patient was placed on
a y-connector. At day 5 she was extubated, and on day 6 she
was transferred to the obstetrics ward. On postoperative day
8, contrast-enhanced CT of the chest showed several bilateral
pulmonary nodules, the greatest being 6 mm in diameter. The
patient was discharged on the same day.

Figure 1. The patient’s posterior-anterior Figure 2. The patient’s anterior-posterior chest Figure 3. The patient’s anterior-posterior

chest x-ray immediately before admission x-ray on the second day

to the intensive care unit

chest x-ray on the sixth day
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Answer

Acute respiratory distress syndrome is an acute, diffuse, and
inflammatory lung disease characterized by increased pul-
monary vascular permeability, increased lung weight, and
decreased aerated lung tissue. Clinical manifestations of ARDS
include hypoxemia and bilateral radiographic opacities, while
the pathological manifestations include diffuse alveolar dam-
age associated with alveolar edema and acute inflammation of
the alveolar walls and hyaline membranes (1).

Although some risk factors for ARDS during pregnancy are
similar to those in the general population (e.g., sepsis, aspi-
ration, pancreatitis, trauma, inhalation injury, drowning, and
pneumonia), pregnancy-specific conditions such as amniotic
fluid embolism, pre-eclampsia/eclampsia, HELLP syndrome,
chorioamnionitis, and endometritis may also play etiological
roles in pregnant women (2-5).

Acute respiratory distress syndrome has an annual incidence
of 1.5/100,000 and has a fatal outcome in 35% to 50% of cases.
Despite the absence of clear data on the incidence of ARDS
in obstetric patients, the incidence rate in these patients is
thought to be comparable to that in the general population.
In the UK and the US, the prevalence of the need for intensive
care among pregnant women is around 0.9%; ARDS represents
a major cause of maternal death in intensive care units (6).
Patients with acute hypoxemic respiratory failure frequently
have dyspnea, tachypnea, and tachycardia. Auscultation may
reveal diffuse bilateral rales in the basal lung zones and wheez-
ing, and the patient may be cyanotic. Bilateral diffuse alveolar
and interstitial infiltrations are typical in lung x-rays, although it
may be challenging to differentiate these from x-ray images of
patients with congestive heart failure or fluid overload (7). Our
patient with a history of pre-eclampsia had dyspnea, tachypnea,
and cyanosis at postoperative hour 4, followed by alteration in
her mental state. She was intubated without delay due to her
worsening clinical status and blood gas results, and mechanical
ventilation was initiated. The patient’s central venous pressure
was measured to rule out hypervolemia, as the patient had
bilateral rales on auscultation of the lungs and a small amount
of pinkish-foamy endotracheal aspiration fluid. Central venous
pressure between 4 and 7 mmHg was measured during her
clinical course; this was indicative of the absence of hypervol-
emia. Furosemide infusion was given for possible pulmonary
edema.

Adequate disinfection of the surgical field and absence of foul-
smelling vaginal discharge suggested that endometritis and
chorioamnionitis had no triggering roles in ARDS. A diagnosis of
HELLP was also largely out of consideration due to the patient’s
normal bleeding-clotting time, platelet count, and liver enzyme
levels. Delayed gastric emptying in pregnant women is associ-
ated with increased risk of aspiration during general anesthe-
sia. Our patient, who had a history of panic disorder, received
general anesthesia, which may have resulted in aspiration as a
potential cause of ARDS. However, analysis of the endotracheal
aspiration fluid showed no material suggestive of active aspira-
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tion. Also, no vomiting occurred during anesthesia or during
the post-operative period. Furthermore, a diagnosis of sepsis
could be readily ruled out due to the absence of a causative
microbial agent in the patient’s endotracheal aspiration fluid,
urine, and blood samples, and also due to the absence of any
foci of infection.

Acute respiratory distress syndrome induced by tocolytic agents
may occur during beta-adrenoceptor agonist infusion or within
12 hours of its discontinuation. The clinical manifestations
may be resolved after 12 hours with diuretics, supportive treat-
ment, and discontinuation of the causative agent (7). However,
our patient had a more severe clinical course, and no rapid
improvement was observed after stopping the tocolytic agent.
Amniotic fluid embolism, however, classically presents with
ARDS, hemodynamic collapse, and disseminated intravascular
coagulation (7). Our patient only had ARDS; also, contrary to
hemodynamic collapse, hypertension and tachycardia were
detected. Also, the patient’s bleeding-clotting parameters were
normal.

Pre-existing pre-eclampsia was considered as the etiological
factor responsible for the development of ARDS in our patient.
In a study by Mabie et al. (4), 16 patients were admitted to the
intensive care unit due to a diagnosis of ARDS during a 6-year
period; only 4 of these cases were related to eclampsia/pre-
eclampsia. Among these four cases, additional comorbidities
(aspiration pneumonia, lupus nephritis, sepsis, massive transfu-
sion, etc.) were present that could be associated with the occur-
rence of ARDS. Meyer and Schmidt reported a pre-eclamptic
patient in whom ARDS persisted during the postpartum period
despite labor and treatment of pre-eclampsia (8). No other pos-
sible causes of ARDS were present in our patient; therefore, the
most likely cause of her condition was pre-eclampsia.
Treatment of ARDS during pregnancy or the postpartum period
is similar to that in non-pregnant individuals. In patients admit-
ted to the intensive care unit due to acute hypoxia and diffuse
lung infiltrates during pregnancy or the postpartum period, an
etiological search should be undertaken; hypervolemia and
congestive heart failure should be ruled out, and amniocentesis
should be conducted. For diagnostic purposes, bronchoalveolar
lavage aspiration and even lung biopsy may be performed (2).
Because the most probable cause of ARDS was pre-eclampsia
in our patient, additional diagnostic work-up was not per-
formed. For the management of these patients, the underlying
condition should be corrected, and conventional mechanical
ventilation should be performed (Vt<6 mL/kg, p plat<30 cm
H,0). Recommended strategies when this treatment is insuf-
ficient include airway pressure release ventilation (APRV), high
frequency oscillatory ventilation (HFOV), prone positioning,
inhaled nitric oxide, and additional lung recruitment maneu-
vers (2, 7). Magnesium infusion and intermittent recruitment
therapy with mechanical ventilation were used therapeutically
in our patient.

Acute respiratory distress syndrome may occur during preg-
nancy or the postpartum period, may be either associated or
not associated with pregnancy, and may threaten maternal and
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fetal health. Based on our experience with this patient, who
had ARDS induced by pre-eclampsia, we wish to emphasize
the fact that these patients may be successfully managed by
early recognition, pressure-controlled ventilation and supported
treatment in the intensive care unit, and with other supportive
measures.

Ayse Belin Ozer, Mustafa Ozdemir, Abdurrahman ileri,
Ismail Demirel

Department of Anesthesiology and Intensive Care, Firat University
School of Medicine, Elaz1g, Turkey
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Answer form for the article titled “Robotic surgery in
gynecology” within the scope of CME/CPD

1. What is not a technical advantage of robotic surgery?
a) 3D-visualization of the operating field
b) 7 degrees of freedom of the surgical instruments
c) Tremor-free handling of the instruments
d) Reduced work fatigue of the surgeon
e) Automatic surgery without need of the surgeon

2. What is not an advantage of the Da Vinci Xi system compared to the current Da Vinci-Si system?
a) The variable use of optics in all four trocars
b) The optimized geometry of the so-called patient cart
¢) The use of smaller trocars with the result of smaller cosmetic scars
d) The use of single-site systems
e) No need of assistance next to the patient

3. What is not an indication for robotic-assisted surgery in benign gynecology cases and in obstetrics?
a) Deep infiltrating endometriosis
b) The minimal invasive performance of the caesarean section
c) Symptomatic myomatosus uterus in patients with the wish to have children
d) Re-anastomsis of the fallopian tubes for the purpose of re-fertilization as an alternative to open surgery
e) Robotic hysterectomy for benign diseases of the uterus

4. What is not an indication for robotic-assisted surgery in malignant gynecological diseases?
a) Ovarian cancer in patients with the need of radical surgery
b) Endometrial cancer in overweight patients
c) Fertility-conserving surgery in patients with cervical carcinoma
d) Total mesometrial resection (TMMR) in patients with cervical cancer
e) Anterior/posterior exenteration in interdisciplinary interventions

5. What is not a benefit of robotic surgery to improve surgical training?
a) The use of virtual training programs in surgical education
b) Good tactile tissue-feedback of the instruments
c) Excellent 3D imaging quality
d) The possibility of the use of the dual console that enables a “driving school concept”
e) The use of telemedicine in robotic surgery

6. What is not true concerning the cost efficiency of robotic surgery in gynecology?

a) The maximum utilization of the system and a well coordinated team with efficient processes of selection and
organization can reduce the costs to the level of open surgical techniques

b) The most expensive aspect of robotic surgery, compared to all other surgical procedures, is the high cost of the
equipment and the annual fixed costs

c) The statistical projections about the required number of robotic interventions per year in order to achieve profitability
range between 165 and 400 operations

d) Robotic surgery enables a very cost-effective surgery that can help to reduce costs of health systems in
underdeveloped countries

e) Attempts made thus far to compare conventional laparoscopy with robotic surgery in regard of costs have yielded
very diverse results
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gynecology” within the scope of CME/CPD
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