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Reports of animal experiments must state that the “Principles of laboratory 
animal care” (NIH publication No. 86-23, revised 1985) were followed, as well as 
specific national laws where applicable.

The editors reserve the right to reject manuscripts that do not comply with the 
abovementioned requirements. The author will be held responsible for false 
statements or for failure to fulfil the above mentioned requirements.

In a cover letter the authors should state if any of the material in the manuscript 
is submitted or planned for publication elsewhere in any form including elec-
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e-mail address of the corresponding author.

Conflict of Interest
Authors must indicate whether or not they have a financial relationship with the 
organization that sponsored the research. They should also state that they have 
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Copyright
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include the title of the article, name(s), affiliations and major degree(s) of the 
author(s) and source(s) of the work or study, a short title (running head) of no 
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phone number) and fax numbers and e-mail address of the corresponding 
author should be listed on the title page.

Abstract
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References
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Revisions
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Editorial

Dear Colleagues,

It is my great pleasure to present you September 2016 issue of the Journal of the 
Turkish German Gynecological Association (J Turk Ger Gynecol Assoc). 

In this issue, you will find an opportunity to read many high quality manuscripts. One 
of them is an interesting research article investigating the relationship between the 
development of intrapartum fetal distress and serum pregnancy-associated plasma 
protein-A (PAPP-A) levels measured during first-trimester aneuploidy screening tests. 
You will also read an attractive paper determining predictive values of maternal serum 
PAPP-A levels, uterine artery Doppler velocimetry, and fetal biometric measurements 
(FBMs) for poor pregnancy and poor neonatal outcomes. 

Substantial controversy exists regarding anesthetic management for patients with preeclampsia or hemolysis, ele-
vated liver enzymes, low platelet count (HELLP) syndrome. The choice of the anesthetic method is largely dictated 
by the composite condition of patients with preeclampsia, their platelet counts, and their coagulation statuses. In 
one article, with a focus on these issues, a cohort of anesthesiologists, including residents and clinicians, was sur-
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The intrauterine device (IUD) is the main method of contracep-
tion worldwide, including Turkey, according to a cross-sectional 
study among 6,506 women in 15-49 age group study conducted 
by Pala et al published in 2008 (1). This study also reported a high 
incidence of anemia in copper IUD users.
Conventional framed T-shaped devices (TCu380A, Mirena; Bayer 
HealthCare Pharmaceuticals Inc.; NJ, USA), given their size 
limitations (32 mm width), whether used in parous or nulliparous 
women, have several disadvantages as they have to fit the uterine 
cavity of all women regardless of shape or size in order to be well 
tolerated. However, a growing body of evidence exists confirming 
that the uterine cavity size varies significantly amongst women 
and most devices of singular dimensions do not fit all uterine 
cavities. Studies of the uterine cavity show that uterine cavities 
differ from woman to woman ranging from <10 mm to >40 mm.
Discrepancy between the IUD and the uterine cavity can often 
result in partial or total expulsion due to severe uterine contrac-
tions. If not expelled, pain, cramping and abnormal bleeding are 
common complaints caused by malposition, displacement or 
embedment of the IUD. Malposition and displacement of an IUD, 
resulting in embedment and/or perforation are being reported 
more frequently as a consequence of increasing use of 3D sono-
graphic or hysteroscopic methods in the routine clinical setting.
Recently, a frameless copper IUD (GyneFix®) was introduced 
in Turkey. The IUD consists of a number of copper cylinders 
attached to a surgical nonabsorbable polypropylene suture 
thread with a preformed surgical knot on top which, upon 
contact with the fundus is inserted into the fundus of the uterus. 
The depth of the insertion is controlled by the specially designed 
inserter (Figure 1). As the IUD is anchored in the fundus, it can-
not be expelled as a consequence of uterine contractions, which 
can at times be quite severe especially during menstruation. 
Removal has been found to be easy and with minimal patient 
discomfort. Return to fertility as with most copper IUDs is almost 
immediate. Clinical trials conducted in Germany and other 
regions in Europe have demonstrated a high acceptance and 
continuation rates by women. Furthermore, due to its small size 
and lack of transverse arms, the amount of menstrual bleeding 
that occurs, unlike that seen with framed copper devices such 
as TCu380A, remains unchanged. The device is only 2 cm long 
and 2.2 mm in width and uses thick-walled copper cylinders 
capable of releasing copper from both the internal and external 
surfaces. As the frameless IUD design lacks a plastic frame and 
utilizes multiple individual copper cylinders it is completely flex-
ible in utero, resulting in high tolerance and continuations rates 
reported in clinical studies (>90% over 5 years). By comparison 
the continuation rates for TCu380A, published in the literature, 

are in the order of 40 to 50% at 5 years. In addition, multicenter 
efficacy studies confirm equal or slightly higher efficacy com-
pared with the TCu380A IUD in randomized clinical trials (2). 
One consequence of the anchored design is that it affords 
release of copper high up in the uterine cavity in the vicinity 
of the tubal ostia which serves to maximize effectiveness and 
limit ectopic pregnancies to almost zero, as confirmed in large 
clinical trials. The lifespan of the different device types can vary 
between 3 and 10 years. These devices are CE-marked and 
some of them are currently available for use in Turkey.
Given its novel anchoring and insertion methodology, and the 
lack of familiarity of most physicians and surgeons with the 
intrauterine implant (IUI), the insertion technique requires some 
degree of formalized training. Doctors, even experienced with the 
conventional IUDs, need to become familiar with the insertion 
technique. Proper positioning of the anchor in the uterine fundus 
is required to guarantee optimal performance. But, as the tech-
nique is straightforward, proficiency is easily acquired, as I expe-
rienced myself. An ultrasound check following insertion shows of 
the anchor has been properly placed in the fundal myometrium.

Assoc. Prof. Gazi Yıldırım, M.D.
Department of Obstetrics and Gynecology, Yeditepe University School 
of Medicine, İstanbul, Turkey

References
1. Pala K, Dundar N. Prevalence & risk factors of anaemia among women 

of reproductive age in Bursa, Turkey. Indian J Med Res 2008; 128: 282-6.
2. Wildemeersch D, Jandi S, Pett A, Nolte K, Hasskamp T, Vrijens M. 

Use of frameless intrauterine devices and systems in young nullipa-
rous and adolescent women: results of a multicenter study. Int J Wo-
mens Health 2014; 6: 727-34. [Crossref]

The next generation IUD introduced in Turkey

Figure 1. Illustration of the frameless IUD in a uterine cavity

Address for Correspondence: Gazi Yıldırım
e.mail: gaziyildirim@gmail.com
©Copyright 2016 by the Turkish-German Gynecological Education and Research Foundation - Available online at www.jtgga.org
DOI: 10.5152/jtgga.2016.160001

http://dx.doi.org/10.2147/IJWH.S65462


Short Communication 127

In the selection of an appropriate intrauterine device (IUD) little 
consideration is placed on adequacy of fit. Properly fitting IUDs 
will likely lead to less adverse effects or patient discomfort result-
ing in enhanced continuation of use.
We report on a multicenter study conducted at 3 centers 
Germany and Switzerland in 152 nulliparous women, measuring 
the maximal width of the uterine cavity using 3D ultrasound.
Measurements were performed by experienced sonographists. 
The mean width of the uterine cavity in the fundus was 21.6 mm 
(range 6.0 - 40.0 mm). The median value was 22.0 mm and the 
interquartile rang (IQR) 18.0 - 24.8 mm, respectively. Eighty-two 
% of women had a uterine cavity width between 15 mm and 
28 mm, 40% <20 mm and 6.6% <15 mm, respectively (Table 1, 
Figure 1).
Uterine cavities in nulliparous women are narrow and rarely wide 
enough to fit conventional IUDs. Gross discrepancy between 
the IUD and the uterine cavity leads to side effects (e.g., expul-
sion, embedment, bleeding, pain) and early discontinuation. 
Historically, devices too large for the uterine cavity have been 
routinely inserted which may account for their 5-year continuation 
rates being only 40 to 50%. The study suggests that 3D sonography 
is a precise method to measure the width of the uterine cavity 
(although 2D may also be suitable) and may result in the selection 
of a suitable IUD to maximize continuation of use. Measurement 
of the cavity width is not necessary with a frameless IUD. 

Dr. Dirk Wildemeersch, M.D., PhD
Gynecological Outpatient Clinic and IUD Training Center, Ghent, Belgium 
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Table 1. Maximal fundal width (FUD) in 152 nulliparous 
women as measured by 3D office sonography

FUD (mm) 3D

N 152

Mean 21.6

SD 5.1

Median 22.0

IQR 18.0 - 24.8

Range 6.0 - 40.0

FUD: maximal fundal width; N: number; SD: standard deviation; IQR: inter-
quartile rang; 3D: three-dimensional 

Figure 1. Collated individual maximal fundal widths by 3D sonog-
raphy in 152 nulliparous women seeking IUD insertion or replace-
ment. For comparison the transverse width for Mirena/Paragard 
(TCu380A), 32 mm, Jaydess/Skyla, 28 mm, and the frameless 
GyneFix (copper)/Fibroplant (LNG), 2.2 mm, are included.
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Introduction

Severe preeclampsia and hemolysis, elevated liver enzymes, 
low platelet count (HELLP) syndrome (hemolysis, elevated liver 
enzymes, low platelet count) are life-threatening complications 
during pregnancy (1). Complications and underlying etiopatho-
genesis of both preeclampsia and HELLP syndrome are globally 
associated with severe maternal morbidity and mortality. The two 
syndromes often involve multiple organ systems, including the 
mother’s vasculature and her liver, lungs, kidney, and brain (1). 
Hence, concerted efforts to enhance the management of these 
disorders are vital to reduce, to the maximum extent possible, 
both maternal and fetal morbidity and mortality.
Despite significant advances in our understanding of both 
preeclampsia and HELLP syndrome, numerous unknowns re-
main and several controversial issues persist regarding etiol-
ogy, diagnosis, and best practice management. The literature 
concerning the two syndromes is extensive but often conflic-
tive. As part of the clinical paradigm, safe and evidence-based 

anesthetic management of at-risk patients in the peripartum 
period is of critical importance. When high-grade evidence 
is lacking, controversy exists. The choice of the anesthetic 
method is largely dictated by the composite condition of pa-
tients with preeclampsia, their platelet counts, and their co-
agulation statuses. With a focus on these issues, a cohort of 
anesthesiologists, including residents and clinicians, was sur-
veyed to solicit their opinions and practice patterns.

Material and Methods

A 10-item paper survey was developed to query potentially con-
troversial practices in the anesthetic management of patients 
with preeclampsia and/or HELLP syndrome. No respondents 
were compensated for this survey, consisting of single answer 
multiple-choice questions. Beyond the resident and practice ex-
perience questions, additional information about respondents 
was not requested and surveys were not paired with the clini-
cian or resident, so that survey responses remained anonymous. 

Objective: Substantial controversy exists regarding anesthetic management for patients with preeclampsia or hemolysis, elevated liver en-
zymes, low platelet count (HELLP) syndrome. Experts, researchers, clinicians, and residents in Turkey were surveyed about their practices.
Material and Methods: Questionnaires were distributed to attendees at a national conference, and they were filled out immediately. Anonymous 
10-item paper surveys were administered to both residents and non-residents. Descriptive statistics were used in the analysis. Agreement among 
≥75% of the respondents was considered a majority opinion. Surveys with missing responses were used to analyze the non-response bias. The Chi-
square test was used for comparisons. A historical cohort of obstetricians–gynecologists was used for comparison with anesthesiologists.
Results: Of 339 surveys distributed, 288 were returned (84.9% response rate). Among the returned surveys, the completion rate was 96.1%. The 
job experience in years among clinicians and residents was 9±5 and 3±1, respectively. General anesthesia was still significantly preferred by 
36.1% among patients with preeclampsia with platelet counts of ≥100,000/µL. Compared to obstetricians–gynecologists, anesthesiologists more 
often preferred general anesthesia. With platelet counts of <50,000/µL or eclampsia, most respondents preferred general anesthesia 94.4% for 
very low platelets and 89.5% for eclampsia.
Conclusion: A preferential trend toward general anesthesia for patients with preeclampsia or HELLP syndrome exists among anesthesiologists 
in Turkey, particularly for patients with severe thrombocytopenia and/or eclampsia. There exists a need for well-designed and well-executed 
prospective clinical trials to provide evidence for the best consensus practice. (J Turk Ger Gynecol Assoc 2016; 17: 128-33)
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The questionnaires were distributed to attendees at the Turk-
ish Anesthesiology and Reanimation Association 2014 Annual 
meeting and were filled out immediately. Returned surveys 
were included in the analysis if at least 90% of the questions 
were answered. Surveys with missing responses were used 
to analyze items for non-response bias. To test for bias in non-
responses, we compared survey answers between those who 
completed all the questions with those who did not. An agree-
ment above 75% or more was considered a majority opinion.
Descriptive statistics were used in summarizing the data. The 
Chi-square test with post hoc analysis was used for compari-
sons. Two-tailed p values of 0.05 or less were considered as 
non-chance differences. Responses to the first three questions 
in the survey were compared to prior responses obtained from 
obstetricians-gynecologists with international origin during a 
prior survey-whereby they functioned as a historical control 
group (2). In order to compare responses between the two pro-
fessional groups, a weighting was applied according to the over-
all response rate to both of the surveys, respectively. In order 
to determine the internal consistency of the survey, answers to 
questions 1, 7, and questions 2, 5, and 8 were used to compute 
reliability coefficients. A Cronbach’s alpha of >0.7 was consid-
ered acceptable (3). The survey appeared to have good internal 
consistency (α1=0.805, α2=0.875, respectively). Data analysis 
and management was performed using IBM SPSS® 21 (IBM 
Corp.; Armonk, NY, USA).

Results

Of 339 surveys distributed, 288 were returned, for an overall re-
sponse of 84.9%. Among the returned surveys, the completion 
rate was 96.1%. In all of the surveys, more than 90% of the ques-
tions were answered. The non-response analysis did not indicate 
differences between those respondents who provided complete 
data and those with incomplete data. The job experience in years 
among clinicians and residents was 9±5 and 3±1, respectively. 
Comparison between the residents and clinicians indicated only 
limited differences in the responses to questions 1 and 6. Table 1 
presents the responses to the survey questions 1 to 8.
When analyzed according to decreasing levels of platelet count in 
questions 1 to 4, there was a significant inverse relation between 
the platelet count and the utilization of general anesthesia (p<0.01). 
When compared to obstetricians–gynecologists working with a 
platelet count of >100,000/µL, anesthesiologists more often pre-
ferred general anesthesia (p<0.001) (Figure 1). In addition, when 
the platelet count ranged between 50,000 and 100,000/µL, anesthe-
siologists preferred general anesthesia more often than the obstet-
ric providers (p<0.001) (Figure 2). Below a platelet count of 50,000/
µL with severe thrombocytopenia, the responses between anesthe-
siologists and obstetric providers were similar (Figure 3).
For the last two survey questions (questions 9 and 10), we queried 
the future use of corticosteroid administration and ultrasound-guid-
ed regional anesthetic methods for patients complicated with se-
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Table 1. Responses to survey questions 1–8

Questions General anesthesia Epidural anesthesia Spinal anesthesia

Q1: For a patient with severe preeclampsia or HELLP syndrome with 
 a platelet count above 100,000/µL and normal INR, which type of  36.11% 10.07% 53.82% 
anesthesia do you prefer?

Q2: For a patient with severe preeclampsia or HELLP syndrome  
with a platelet count between 50,000 and 100,000/µL and normal INR,  61.11% 5.9% 32.99% 
which type of anesthesia do you prefer?

Q3: For a patient with severe preeclampsia or HELLP syndrome  
with a platelet count between 25,000 and 50,000/µL and normal INR,  94.44% 0.35% 5.21% 
which type of anesthesia do you prefer?

Q4: For a patient with severe preeclampsia or HELLP syndrome with  
a platelet count less than 25,000/µL and normal INR, which type of  97.92% 0.35% 1.74% 
anesthesia do you prefer?

Q5: A patient with severe preeclampsia or HELLP syndrome with  
a platelet count below 50,000/µL was transfused with a thrombocyte  
suspension, and a platelet count above 50,000/µL was attained.  67.71% 4.17% 28.13% 
The INR was normal. In this patient, which type of anesthesia  
do you prefer?

Q6: In a patient with eclampsia, which type of anesthesia do you prefer? 89.58% 2.08% 8.33%

Q7: Corticosteroid administration may increase the platelet counts in  
a patient with preeclampsia or HELLP syndrome. After corticosteroid  
treatment, a platelet count between 100,000 and 150,000/µL was  40.97% 8.33% 50.69% 
attained. The INR was normal. In this patient, which type of anesthesia  
do you prefer?

Q8: Corticosteroid administration may increase the platelet counts in  
a patient with preeclampsia or HELLP syndrome. After corticosteroid  
treatment, a platelet count between 50,000 and 100,000/µL  68.06% 4.51% 27.43% 
was attained. The INR was normal. In this patient, which type of  
anesthesia do you prefer?

INR: international normalized ratio; HELLP: hemolysis, elevated liver enzymes, low platelets



vere preeclampsia and HELLP syndrome. Half of the respondents 
agreed that corticosteroid administration via increasing platelet 
counts might increase the utilization of regional methods (Figure 4).
Approximately half of the respondents thought that ultrasound-
assisted regional anesthesia methods might decrease compli-
cation rates and might increase the procedural safety in this 
subset of patients (Figure 5).

Discussion

Our understanding of preeclampsia/HELLP syndrome has con-
tinued to significantly increase during recent decades. Howev-
er, the two entities are still classified as a syndrome and not as a 
single disease entity. A syndrome, by definition, is any combina-
tion of signs and symptoms that is indicative of a process. Ac-
cordingly, the cause of preeclampsia/HELLP syndrome remains 
elusive (4). When faced with this dilemma in a clinical setting, 
clinicians try to improve the outcome for both the mother and 
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Figure 1. Preference in the type of anesthesia according to anesthe-
siologists and obstetricians–gynecologists for a platelet count above 
100,000/µL

Figure 3. Preference in the type of anesthesia according to anesthe-
siologists and obstetricians–gynecologists for a platelet count below 
100,000/µL

Figure 5. Thoughts on the potential of ultrasound-guided neuraxial 
anesthesia to decrease complications and increase the safety of the 
procedure

Figure 2. Preference in the type of anesthesia according to anesthesi-
ologists and obstetricians–gynecologists for a platelet count between 
50,000 and 100,000/µL

Figure 4. Thoughts on the potential of corticosteroid administration 
to increase the utilization of neuraxial anesthesia



baby. One excellent intervention for severe thrombocytopenia 
in the setting of HELLP syndrome has been high dose cortico-
steroids around the time of delivery. The peripartum period is a 
critical time, during which there are important opportunities to 
improve maternal-perinatal outcomes. Anesthetic management 
is no exception. Rapid resolution of preeclampsia and HELLP 
syndrome without mortality and with as little severe maternal 
morbidity as possible is thus highly desirable.
Either general or neuraxial methods may have some disadvan-
tages in patients with preeclampsia. Due to upper airway edema, 
exacerbated hypertension, failed intubation, and aspiration, gen-
eral anesthesia carries a significant risk of maternal death. Due 
to bleeding from the epidural veins, neuraxial anesthesia carries 
a significant risk of epidural hematoma and, consequently, para-
plegia. Since the individualization of care is desirable, the choice 
of anesthetic method is directed by the maternal condition and 
laboratory parameters, which include the presence of eclampsia, 
severity of symptoms, platelet count and possibly complicating 
coagulopathy. For patients with preeclampsia who are not coagu-
lopathic or thrombocytopenic, the risk of difficult or failed airway 
management and delayed recognition of maternal stroke during 
a general anesthetic are exceeded by the potential risk of adverse 
outcomes from neuraxial anesthesia (5). Moreover, maternal 
mortality statistics identify general anesthesia as a greater risk to 
parturients than neuraxial anesthesia (6, 7).
When the platelet count falls below 50,000/µL (severe thrombo-
cytopenia), over 90% of the respondents prefer general anesthe-
sia. However, respondents did not discriminate between platelet 
count ranges below 25,000/µL and 25,000/µL to 50,000/µL accord-
ing to their clinical practice, as reflected by survey responses.
Over a platelet count of 50,000/µL, opinions were divided be-
tween general and neuraxial methods. A significant 60% of the 
respondents preferred general anesthesia when the maternal 
platelet count was between 50,000 and 100,000/µL. It was also 
interesting and illuminating that when the maternal platelet 
count exceeds 100,000/µL, approximately 35% of the respon-
dents still preferred general anesthesia.
Moreover, above a platelet count of 100,000/µL, residents were 
more likely to prefer general anesthesia compared to clinicians 
(p=0.02) (Figure 6). Below a platelet count of 100,000/µL. the re-
sponses were similar between clinicians and residents. Accord-
ingly, above a platelet count of 100,000/µL, residents likely are 
being instructed to utilize neuraxial methods. When compared 
to obstetric providers, anesthesiologists were less eager to pre-
fer neuraxial methods for obstetric patients with platelet counts 
above 50,000/µL and above 100,000/µL (Figure 1, 2). Although 
there appears to be consensus between anesthesiologists and 
obstetricians–gynecologists when maternal platelet counts de-
crease below 50,000/µL, otherwise there exists a difference of 
opinion between the two specialties. Thus more evidence to 
guide practice and replace opinion is needed.
Altered hemostasis in preeclampsia is more often secondary to 
severe thrombocytopenia rather than to coagulopathy. Several 
studies have reported variable incidences of thrombocytope-
nia (platelet <100,000/µL), prolonged prothrombin time, and 
a prolonged activated partial thromboplastin time in patients 
with preeclampsia: 2% to 19%, 0% to 16%, and 1.3% to 2.5%, 
respectively (8-10). In one retrospective analysis, 8% of parturi-
ents exhibited both thrombocytopenia and coagulopathy (11). 
Studies investigating coagulation in women with preeclampsia 

using thromboelastography reported that if the platelet count 
was greater than 100,000/µL (absence of severe or moderate 
thrombocytopenia), there were no detectable coagulation ab-
normalities (12, 13). Platelet counts of less than 100,000/µL in 
women with preeclampsia may be associated with an impaired 
coagulation function and should prompt additional investiga-
tions of the coagulation status (12).
Instead of stratifying patients according to platelet count as a trig-
ger to order coagulation tests, some recommend that it is practical 
and cost-effective to screen for both platelet count and coagula-
tion studies at the same time (14, 15). As reflected from the cur-
rent survey findings, a significant proportion of anesthesiologists 
in Turkey still prefer general anesthesia regardless of a normal 
coagulation profile and a platelet count exceeding 100,000/µL. 
With a platelet count above 100,000/µL, balancing the remote risk 
of maternal death due to epidural hematoma and choosing the 
greater risk of maternal death via general anesthesia in the clinical 
setting of preeclampsia/HELLP syndrome does not seem rational.
Because there is not an established lower threshold for the plate-
let count to guarantee no potential for bleeding, practice guide-
lines simply indicate that the use of platelet count may reduce 
the risk of neuraxial anesthesia-related complications (5, 16, 17).  
However, authors in the field generalize safety in the range of a 
platelet count somewhere between 50,000 and 100,000/ µL. In ad-
dition, the most cited cut-off is 70,000 to 80,000/µL (5, 12, 14). The 
real dilemma, therefore, lies with the management of patients with 
preeclampsia whose platelet counts range between 50,000 and 
100,000/µL. Neuraxial anesthesia is very safe in this platelet range, 
particularly when the coagulation profile is normal. In this range, 
two groups of patients raise special issues for clinical practice: pa-
tients with preeclampsia and HELLP syndrome. There are several 
reasons for this. First of all, the clinical course of HELLP syndrome is 
difficult to predict and variable in onset with usually a rapid progres-
sion of the syndrome (18, 19). Once initiated, patients with HELLP 
syndrome exhibit a 35–50% decrease in platelet count per 24 hours 
and a mean daily reduction of 40,000/µL (18). Second, HELLP syn-
drome is a more potent and significant threat to the mother and 
fetus than preeclampsia. In the English literature, one patient series 
recorded 77 deaths among 2346 treated patients (ratio of 1:30), 53 
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Figure 6. Preference in the type of anesthesia according to residents 
and clinicians for a platelet count above 100,000/µL



strokes (ratio of 1:44), 178 patients with acute renal failure (1 for 
every 13 patients with HELLP syndrome), and just over 90 liver 
ruptures (20). Third, most spinal epidural hematomas occurred 
in patients with HELLP syndrome and not preeclampsia with no 
evidence of HELLP syndrome (5, 21-23). Moreover, epidural anes-
thesia was the preferred method in those complicated cases (24, 
25). Vigil-De Gracia and colleagues reported 36 patients with HELLP 
syndrome with platelet counts below 100,000/µL who received re-
gional anesthesia and no epidural hematoma was suffered by any 
of the patients (12 patients had platelet counts below 50,000/µL) 
(26). None of those patients with HELLP syndrome in the study by 
Vigil-De Gracia (26) had disseminated intravascular coagulation 
and abnormal indices. Review of other series also revealed simi-
lar successful outcomes (27, 28). Fourth, laboratory parameters of 
patients with HELLP syndrome can continue to deteriorate post-
partum, although they usually trend toward normal within 96 hours 
postpartum (18). Although a cut-off for the risk of spinal epidural 
hematoma has not been established, a platelet count of 40,000/µL 
and above has been assigned as the threshold above which there is 
no risk for postpartum bleeding from surgical sites in patients with 
HELLP syndrome (29). Spinal epidural hematoma and surgical site 
bleeding are not the same; therefore, the determined cut-off can-
not be absolutely transposed for the risks of neuraxial anesthesia. 
However, in terms of maternal mortality and morbidity risk due to 
bleeding, they share a similar background.
In patients with severe preeclampsia and HELLP syndrome, the 
platelet count can be increased to 50,000/µL or above by two 
means separately or in combination: platelet pack transfusion 
and potent glucocorticoid administration. Antenatal corticoste-
roid administration has been reported to increase the platelet 
count; its use has been debated recently (30-32). It has also 
been shown to increase the utilization of neuraxial anesthesia 
among parturients (33). Thus, half of the survey respondents 

concurred that corticosteroid administration may increase the 
utilization of neuraxial anesthesia. 
Moreover, respondents did not differentiate between the two 
methods (questions 5 and 8; Table 1) with regard to platelet 
counts and anesthesia application. However, a combined ap-
proach utilizing potent glucocorticoid administration and plate-
let pack transfusion may provide a more rapid and safer way to 
increase the platelet count to above 50,000/µL when cesarean 
surgery is needed to be performed quickly.
For patients with eclampsia, most respondents preferred gen-
eral anesthesia (Table 1). Although general anesthesia is ad-
vocated in patients with eclampsia by some authors, there is 
minimal evidence to guide practice in the choice of anesthesia 
for women following an eclamptic convulsion (12). The hyper-
tensive response to intubation has been identified as a direct 
cause of maternal mortality. Consequently, particular attention 
and extreme vigilance are required to ablate the hypertensive 
effect of intubation. Care must also be taken to avoid complica-
tions upon emergence from anesthesia, including hypertension, 
aspiration, and acute pulmonary edema (12). However, if the 
patient is stable with a normal level of consciousness and no 
neurological deficits, in the absence of other contraindications, 
neuraxial anesthesia is an acceptable choice (12).
The most dreaded complication of neuraxial anesthesia among 
patients with preeclampsia is the development of spinal epi-
dural hematoma. The incidence of the complication is so low 
that it is difficult to comment on the methods to decrease its oc-
currence, such as ultrasound-guided neuraxial anesthesia (34). 
Theoretically, point-of-care ultrasound may decrease the num-
ber of attempts and increase the success of neuraxial anesthe-
sia. Specifically, for patients with a borderline coagulation sta-
tus, such as preeclampsia, ultrasonography may provide extra 
help and comfort to the anesthesiologist during the procedure 
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(34). Accordingly, approximately half of the respondents agreed 
with this notion and potential (Figure 5).
In conclusion, more evidence from well-conducted prospective 
randomized trials is needed to clarify many of the issues raised 
in our survey and in clinical practice. In the interim, based on the 
available relevant recent literature, a management algorithm is 
proposed for this very specific at-risk patient group (Figure 7). The 
marked diversity in anesthesiology practice, as reflected by our sur-
vey results, underscores the need for more clarity in obstetric care, 
which can be principally gained through excellent clinical research.
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Introduction

Subfertility is defined as the inability to conceive, despite regu-
lar sexual intercourse over a period of 12 months, and it af-
fects 10% of couples who wish to have babies. Intrauterine 
insemination (IUI) is accepted as the first-line treatment for 
unexplained infertility and mild male factor subfertility (1-3).
In the literature, many factors affecting pregnancy rates fol-
lowing IUI have been reported. For instance, there are many 
studies related to age (4), the ovarian reserve of females (5) 
and sperm parameters in males (6), and the duration and type 
of infertility (7), which are pre-cycle parameters. Furthermore, 
the effects of cyclic parameters, such as selected ovulation 
induction protocols and the characteristics of the obtained 
follicles, have been evaluated on IUI outcomes in different 
studies (8-10). Despite all these studies, there is still no con-

sensus on parameters that can predict the chances of clinical 
pregnancy after IUI.
The aim of the present retrospective study was to evaluate IUI 
clinical experiences at a private IVF center covering a 10-year 
period and to define the variables for predicting success.

Material and Methods

The present study comprised an observational trial performed 
in a private in vitro fertilization (IVF) center on subfertile cou-
ples who had applied for treatment between 2002 and 2012, 
and in which the data of 503 IUI cases were reviewed retro-
spectively. Couples with a female <40 years of age and a male 
who had been diagnosed with unexplained and mild male 
subfertility were included in the study. Couples with failure 
to conceive for >12 months, and with normal sperm param-
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eters, bilateral patent fallopian tubes, and regular menstrual 
cycles were accepted as cases involving unexplained infertility. 
Sperm samples that had a concentration above 20 million/mL 
according to the World Health Organization 1999 criteria, with 
type a (fast progressive) or type b (medium progressive) motil-
ity rates above 50%, with normal morphology and above 14% 
according to Kruger criteria were accepted as normal (11, 12). 
If the sperms in a sperm analysis did not satisfy the aforemen-
tioned reference criteria, but the total motility count (TMC) was 
above 5 million, then couples were accepted as cases involving 
mild male subfertility. Data from couples with any already deter-
mined causes of infertility, and cycles with ovarian hyperstimu-
lation syndrome (OHSS) were not included in the evaluation.
Ovulation induction was performed in 38 cases, using oral tab-
lets of clomiphene citrate (Klomen; Kocak Farma; İstanbul, Tur-
key), which were started on Day 5 of the cycle and given at a 100 
mg/day dose for five days. Injectable gonadotropin, rFSH [fol-
litropin alpha (Gonal F, Serono; İstanbul, Turkey), or follitropin 
beta (Puregon, MSD; İstanbul, Turkey)] was used in 331 cases, 
and HMG (Menogon, Ferring; İstanbul, Turkey) in 134 cases. In-
jectable gonadotropin was used on Day 2 or Day 3 of the cycle 
at doses of 75–150 units. Follicular developments were followed 
up with transvaginal USG, and dose adjustments were contin-
ued until dominant follicle development (max. dose=300 IU). 
Ovulation triggering was performed using 10000 IU hCG (Preg-
nyl, MSD; İstanbul, Turkey). Sperms were prepared using the 
discontinuous gradient method. Briefly, following liquefaction 
at room temperature, the semen was overlaid on a 40% and 80% 
PureSperm gradient column and centrifuged at 300 g for 20 min 
followed by washing the sperm pellet at 500 g in a non-capaci-
tating buffer. A single insemination of 0.4 mL of sperm suspen-
sion per cycle was performed at 36 h after hCG administration 
under ultrasound guidance. Serum samples were obtained 14 
days after hCG administration for βhCG levels.
The primary outcome measure of this study was the clinical 
pregnancy rate, which was gathered in an attempt to form a 
predictive model for the odds of a clinical pregnancy, defined as 
observable cardiac activity via a transvaginal ultrasound above 
six weeks of gestation in women treated by IUI for subfertility. 
Recorded parameters of maternal age, paternal age, follicle 
stimulating hormone (FSH) levels, duration of subfertility, type 
of female subfertility (primary or secondary), type of male sub-
fertility, method of induction (clomiphene citrate or injectable 
gonadotropin), number of dominant follicles, measured di-
ameter of dominant follicles on the day of hCG, the number of 
the total motile sperm count and the number of motile sperm 
counts, i.e., regarding their speeds, were used to determine the 
prediction model.
The study was ethically approved by the local ethics commit-
tee and the written informed consent of all the participants was 
obtained.

Statistical analysis
For all the statistical analysis, R v.3.1.3 for Windows was used. 
For the missing variables in the FSH levels, a stochastic regres-
sion imputation model was formed, using age and the antral fol-
licle count as covariates. Missing FSH data were then imputed, 

by a adding a random number error term to the predicted FSH 
values. The error term was generated from a normal distribu-
tion with a mean of zero, and a variance equal to the regression 
variance, to introduce variability in the predicted values. To as-
sess the association of the odds of clinical pregnancy with the 
covariates, first a set of univariate logistic regression analyses 
was carried out, in which the odds of clinical pregnancy was 
modeled on each covariate, separately. Second, a multivariable 
logistic regression was used to estimate the adjusted odd ratios 
between the odds of clinical pregnancy and the covariates of in-
terest. Finally, a backward stepwise selection method was used 
to obtain the most explanatory model for the odds of clinical 
pregnancy. The ages of the women were included in the model 
to prevent a confounding effect. To ensure the final model was 
a good fit to the dataset at hand, a goodness of fit of the final 
logistic regression model was assessed using the Deviance and 
Hosmer–Lemeshow tests. The null hypothesis of no difference 
between the null and fitted model was rejected at a significance 
level of 10% according to the Deviance test. P values below 0.10 
were considered statistically significant. All the statistical com-
putations, comparisons, and analyses were performed using 
the Statistical Package for Social Sciences Inc. (SPSS version 
15.0 for Windows, SPSS Inc.; IL, USA).

Results

A total of 47 pregnancies were determined in the 503 IUI cycles 
enrolled in the study. A pregnancy rate of 9.34% per cycle was 
determined, and the conception rates were 3 cases in the clo-
miphene citrate (CC) group, 12 in the human menopausal go-
nadotrophin (hMG) group, and 32 in the FSH group (7.8%, 8.9%, 
and 9.6%, respectively).
Basal FSH levels, the ages of the males and females, the type 
and duration of infertility, and male factor characteristics were 
taken as the basic pre-cycle parameters. The ovulation induc-
tion method, the number of follicles obtained, and the diameter 
of the dominant follicle were evaluated as cycle characteristics. 
The correlations between the presence of clinical conception 
and all of these variables were analyzed.
First, a set of univariate logistic regression analyses was carried 
out, in which the response variable (odds of clinical pregnancy) 
was modeled separately on each covariate. Table 1 displays 
the odds ratio estimates (OR), 95% and 90% confidence inter-
vals, and p values resulting from the univariate analyses. Ac-
cordingly, clinical pregnancy was positively associated with the 
duration of infertility (OR=1.09, p=0.089), secondary infertility 
(OR=1.77, p=0.050), and +4 sperm motility after preparation 
(OR=1.03, p=0.091).
Second, an adjustment analysis was carried out. Multivariate 
logistic regression was used to estimate the adjusted OR’s be-
tween the odds of clinical pregnancy and the covariates of inter-
est. The results of the multivariate analysis are given in Table 2. 
Accordingly, clinical pregnancy was positively associated with 
the secondary infertility (OR=2.51, p=0.008).
A backward selection method was employed to obtain the most 
explanatory model for clinical pregnancy in this study. The ages 
of the women were included in the model to prevent the pos-

J Turk Ger Gynecol Assoc 2016; 17: 134-8
Namlı Kalem et al.

IUI in subfertility 135



sibility of a confounding effect. Table 3 displays the coefficient 
estimates, p values, estimated odds ratios, and their confidence 
intervals in the resultant model. According to the final model, 
the odds for clinical pregnancy were 1.84 times higher for the 
women who had a secondary infertility. Furthermore, a one unit 
increase in +4 sperm motility creates an increase of 1.03 in the 
odds of achieving a positive outcome.

Discussion

In the literature, conception following IUI shows a wide range of 
gestational variation rates. Actually, the causes of these conflict-
ing results are due to the selected treatment group, diagnostic 
criteria, the techniques used, the mean age of the selected co-
hort, the cause of infertility, and the change in treatment success 
according to the number of treatment cycles. In 1997, Hannoun et 
al. (13) published a study showing a treatment success of 5% in a 
single cycle in a CC+IUI group, and 58.7% in a controlled ovarian 
stimulation (COS)+IUI group in three cycles. Guzick et al. (14) 
retrospectively reviewed 45 published articles about unexplained 
infertility IUI studies, and the author reported clinical gestation 
rates of 8.3% in a CC+IUI group, and 17.1% in an hMG+IUI group. 
Goverde et al. (15) reported clinical gestational rates of 7.4% in 
a natural cycle IUI group, and 8.7% in a COS+IUI group. Finally, 
a European study conducted between 2001 and 2004 found that 
the pregnancy rate per IUI cycle was between 11.4% and 12.6% 
(16). In our study, the obtained clinical gestation rate was 9.34% 
(7.8% in the CC group, 8.9% in the hMG group, and 9.6% in the 
rFSH group), and it was within the wide range.

In the present study, a negative correlation was observed be-
tween the female age, basal FSH levels, and clinical gestational 
rates, but the difference was not statistically significant. In the 
present study, we also observed that as the infertility duration 
became longer, the gestation rates also increased. However, in 
the literature, many studies have indicated that as the age (5, 8, 
17) and infertility duration (7, 17, 18) increase, gestational rates 
decrease. Also, Ibérico et al. (19) reported in a study published 
in 2004 that gestational rates in IUI decreased independently of 
the age through longer infertility durations. Contrary to the lit-
erature, the results of our study indicated that, as infertility du-
ration increases, so does the gestational chance, and that no 
correlation was determined between gestational chance and 
the female or male ages. These might be explained due to the 
gestational rates being calculated per treatment cycle instead 
of per couple in our study. It is possible that, as the infertility 
duration is increased, the cumulative probability of gestation is 
increased in couples because of the increased number of IUI 
cycles.

Table 1. Univariate models

Covariate Coefficient  p OR Confidence interval

FSH (basal) 0.024 0.557 1.025 90% (0.957, 1.097)

Female’s age −0.006 0.827 0.994 90% (0.951, 1.039)

Male’s age −0.033 0.230 0.967 90% (0.923, 1.012)

Duration of infertility 0.083 0.089* 1.086 90% (1.002, 1.177)*

Type of infertility  
(primary/secondary) 0.572 0.050* 1.772 90% (1.096, 2.865)*

Male factor  
(normal/subfertile) −0.537 0.385 0.584 90% (0.211, 1.617)

Method of ovulation 
 induction (CC/FSH/hMG) 0.104 0.685 1.109 90% (0.727, 1.694)

Follicle count 0.145 0.519 1.155 90% (0.799, 1.671)

Dominant follicle size 0.004 0.948 1.004 90% (0.913, 1.104)

Sperm count

(after preparation)  0.001 0.517 1.001 90% (0.998, 1.005)

Sperm motility +4 0.030 0.091* 1.031 90% (1.009, 1.061)*

Sperm motility +3 −0.005 0.690 0.994 90% (0.972, 1.017)

Sperm motility +2 0.009 0.599 1.009 90% (0.981, 1.037)

TPMSC 0.001 0.739 1.001 90% (0.997, 1.004)

*p values less than 0.10 indicate a significant association.

FSH: follicle stimulating hormone; CC: clomiphene citrate; hMG: human meno-
pausal gonadotrophin; TPMSC: total progressive motile sperm count; OD: odds ratio

Table 2. Multivariate model

Covariate Coefficient Standard error z p

FSH −0.001 0.052 −0.013 0.989

Female’s age 0.002 0.043 0.040 0.968

Male’s age −0.054 0.045 −1.205 0.228

Duration of infertility −0.008 0.071 −0.110 0.912

Type of infertility  0.922 0.349 2.640 0.008* 
(primary/secondary) 

Male factor  −0.727 0.669 −1.087 0.277 
(normal/subfertile)

Method of ovulation  0.255 0.296 0.863 0.388 
induction (CC/FSH/hMG)

Follicle count 0.191 0.240 0.793 0.427

Dominant follicle size 0.015 0.065 0.235 0.814

Sperm count 0.001 0.003 0.406 0.684 
(after preparation)  

Sperm motility +4 0.032 0.034 0.938 0.348

Sperm motility +3 −0.006 0.019 −0.310 0.757

Sperm motility +2 0.029 0.023 1.264 0.206

TPMSC −0.001  0.004 −0.369 0.712

FSH: follicle stimulating hormone; CC: clomiphene citrate; hMG: human meno-
pausal gonadotrophin; TPMSC: total progressive motile sperm count

Table 3. Final model

Covariate Coefficient p OR CI

Female’s age −0.021 0.462 0.979 90% (0.932, 1.027)

Type of infertility  0.610 0.049* 1.841 90% (1.104, 3.072)* 
(primary/secondary)

Sperm motility +4 0.029 0.105* 1.029 90% (0.999, 1.061)*

*Hosmer–Lemeshow test, p=0.414.
Deviance test, p=0.089.
OR: odds ratio; CI: confidence interval
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In secondary infertility, it was observed that clinical pregnancy 
rates were 1.84-fold higher than in primary infertility. There are 
many studies in the literature supporting this data (20-22). How-
ever, contradictory conclusions have also been reported. Ibérico 
et al. (19) and Dorjpurev et al. (23) proposed that infertility type 
(primary or secondary) did not affect gestational rates (19, 23).
In the statistical analysis of our cycle data, no statistically sig-
nificant correlation was shown between the ovulation induction 
method and the clinical pregnancy rates following IUI. It has 
been shown in many studies in the literature that the use of FSH 
and hMG is superior to CC use (24-27). Although we observed 
that gestational rates were low in the CC group, we could not 
show the difference due to the small sample size. There was no 
difference between the FSH and hMG groups, which is a find-
ing consistent with the literature. There are many studies in the 
literature reporting that the gonadotropin type affected (28, 29) 
or did not affect (30-32) treatment success rates.
No statistically significant effect was observed between the oth-
er examined cycle parameters, the number of obtained follicles, 
the dominant follicle diameter, and clinical gestation rates. Van 
Rumste et al. (33) reported that multi-follicular development 
in IUI did not improve the chances of pregnancy, but rather in-
creased only the number of multiple gestation possibilities. In 
the meta-analysis containing 11599 cycles, van Rumste (34) 
reported that the development of two follicles increased the 
gestation chance more than that with one follicle development, 
but the development of a higher numbers of follicles did not 
increase the chances of pregnancy (34). In the same study, van 
Rumste reported also that the diameter of the dominant follicle 
did not have a high predictivity. However, Ibérico reported that 
if the diameter of the dominant follicle was >20 mm, then the 
pregnancy rates increased (19) accordingly.
There were no statistically significant effects on our clinical preg-
nancy rates for male factor presence/absence, the number of 
sperms in the prepared sperms for insemination, and the num-
ber of total progressive sperms. It was shown that only a sperm 
presence with +4 motility increased clinical pregnancy rates, 
which might be explained due to this study only including an 
unexplained and mild male subfertile patient group. Cao et al. 
(35) evaluated 1153 IUI cycles in 2014 and reported that a num-
ber of motile sperms lower than 2×106 in the insemination had 
low success rates in IUI, but the author also showed that sperm 
numbers higher than this is increased the observed pregnan-
cy rates. They concluded that IUI can be performed when the 
NMSI (number of motile sperm inseminated) exceeds 2x106. As 
there was no infertile male group in our study, we showed that 
the number of changes in the subfertile sperm group did not af-
fect pregnancy rates. It was further shown that the conception 
success rates increased only if the number of sperms with +4 
motility increased. As sperm motility has a very high predictive 
value in an elevated chance of pregnancy, it is accepted as the 
major determinant of IUI success (36-39).
There are many studies in the literature related to IUI. The 
strength of our study in the literature is that it reviews IUI pro-
cedures that have been performed over a period of 10 years in 
the same clinic with the same team (one embryologist and one 
gynecologist).

The most important limitation of our study is that it was a ret-
rospective trial. We evaluated data only as the gestation rate 
per cycle because we wanted to obtain parameters that had a 
predictive role only for a single cycle. However, subsequently, 
this design revealed some findings that were inconsistent with 
those in the literature, such as age and infertility duration. Fur-
ther, we could have conducted an evaluation of the success 
rates for couples. Additionally, in our study, we did not conduct 
a statistical analysis on multiple gestations.
In conclusion, our study results, which are consistent with those 
in the literature, indicates that IUI success in secondary infertile 
couples who were in the unexplained infertility and mild male 
subfertility groups was higher than in primary infertile couples 
and that the chances of pregnancy increased as sperm num-
bers with +4 motility increased. Success in IUI is multifactorial. 
Synchronization of the couple and the medical team should be 
achieved in parallel with all other factors, such as ovaries, fallo-
pian tubes, endometrium, cervix, vagina, and sperms. It is quite 
difficult to concomitantly evaluate all these parameters and to 
determine a predictive parameter in IUI independent from oth-
er factors. We believe that this is the possible reason for the het-
erogeneity of the study groups in the IUI trials in the literature. 
Further prospective, randomized, controlled, and well-planned 
clinical studies on a large scale and with high subgroup num-
bers are required on this subject.
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Introduction

Pregnancy-associated plasma protein A (PAPP-A) is one of the 
parameters in the first-trimester screening test that is used as 
a biochemical marker to detect aneuploidy in the early weeks 
of gestation (1). PAPP-A can be detected in the maternal 
blood 28 days after implantation in singleton pregnancies. The 
serum PAPP-A level starts to increase during the first trimester, 
doubling every 3 to 4 days. The rate of increase is gradual until 
week 36, after which it accelerates, and the maximum serum 
PAPP-A levels are reached at term (2).
It is thought that PAPP-A released from trophoblastic tissues 
at abnormal levels early during gestation affects fetal growth 
negatively by impairing trophoblastic invasion of the de-
cidua, causing abnormal placentation and other pregnancy 
complications (3). A low PAPP-A concentration is a power-
ful indicator of potential pregnancy complications, includ-

ing preeclampsia, intrauterine developmental retardation, 
gestational hypertension, fetal death, oligohydramnios, and 
preterm birth (4-6). Because PAPP-A levels during pregnancy 
are associated with obstetric complications, as well as ab-
normal placentation, it is thought that fetuses born to moth-
ers with low maternal PAPP-A levels do not tolerate labor 
stress and also could be more likely to develop intrapartum 
fetal distress (7).
In this study, we compared the rate of emergency cesarean 
section (C/S) due to fetal distress and the umbilical arterial 
blood gas levels in patients with normal or low PAPP-A levels 
in the first trimester.

Material and Methods

We conducted a retrospective examination of 359 cases of 
singleton pregnancies in which the first-trimester screening 
for aneuploidy had been performed in our pregnancy out-
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patient clinic between June 2012 and January 2013. The local 
ethics committee of the hospital approved the study and each 
patient signed the informed consent.
In all cases, the mothers were followed for the duration of their 
pregnancies. Crown-rump length (CRL) measurements (range: 
45–84 mm) were obtained and the nuchal translucency (NT) 
test was performed on the live singleton fetuses confirmed to 
be between 11 weeks and 13 weeks and 6 days old by ultra-
sound. The serum levels of PAPP-A and free hCG were tested 
in the maternal blood and adjusted according to the maternal 
weight, insulin-related diabetes, and smoking habits. Multiple of 
the median (MoM) values were calculated.
Cases with abnormal fetal karyotypes, pregnancy complica-
tions (preterm delivery, pregnancy induced hypertension/pre-
eclampsia, gestational diabetes, intrauterine growth restric-
tion, and placental abruption) and systemic diseases (chronic 
hypertension, type 1 and type 2 diabetes mellitus) or in which 
the mothers elected to have C/S deliveries (due to past C/S 
or presentation abnormalities) were excluded from the study 
(n=76).
The final cohort included the results from 283 cases in which 
first-trimester screening for fetal aneuploidy had been con-
ducted and also the delivery had occurred at term (≥37 weeks 
gestation) following either spontaneous labor or labor induction 
with oxytocin for cases in which the gestation reached beyond 
the 41st week without the spontaneous onset of labor, or there 
was early membrane rupture, oligohydramnios, or non-reassur-
ing fetal well-being tests.
The cases were divided into two groups based on their first-tri-
mester PAPP-A multiples of their median (MoM) values as ≤0.5 
MoM (Group 1) or >0.5 MoM (Group 2).
The demographic features, birth weight, gender, delivery modes, 
and indications for C/S were recorded, and the umbilical arterial 
blood gas pH values were compared between the two groups 
in cases where fetal distress had developed. Fetal distress was 
determined using fetal monitoring based on the American Con-
gress of Obstetricians and Gynecologists intrapartum fetal heart 
rate trace management protocol (8). C/S decision was made by 
the same authors (AFA and HLK). According to the mentioned 
management protocol, category II (intermediate) cases were 
evaluated and under surveillance, and if the fetal heart rate 
(FHR) accelerations were absent and absent/minimal FHR vari-
ability occurred and did not improve, or FHR tracing progressed 
to a category III (abnormal) pattern, then delivery was consid-
ered. General anesthesia was administered in all the cases in 
which C/S was performed because of fetal distress. There was 
not any instrumental operative delivery.
Statistical analyses were performed using SPSS ver. 21.0 (IBM 
Corp.; California, USA). Descriptive characteristics were ex-
pressed as numbers and percentages, the mean±standard 
deviation (SD) (minimum–maximum), or as the median (in-
terquartile ranges [IQRs]) (minimum–maximum) according to 
whether the variables were distributed as normal using the Sha-
piro-Wilk test. Inter-group comparisons were made using the 
Pearson Chi-square test for the categorical variables, and with 
the independent samples t-test for continuous data. Statistical 
significance was defined as p≤0.05.

Results

PAPP-A levels were ≤0.5 MoM in 75 (26.5%) cases (Group 1) 
and >0.5 MoM in 208 (73.5%) subjects (Group 2). The mean 
PAPP-A levels was 0.38±0.10 MoM for Group 1 and 1.14±0.63 
MoM for Group 2 (p<0.001).
The age, gravidity, and parity were similar among the groups 
(p>0.05). (Table 1) The mean gestational age at birth and the 
birth weights were significantly lower in Group 1 than Group 2 
(p=0.002 and p=0.007, respectively).
The cesarean delivery rate was 24.4% (69/283) in all the sub-
jects. Although the rate of C/S were similar among the groups 
(p=0.823), the rate of C/S due to fetal distress was significantly 
higher in Group 1 (68.4% (13/19) vs 42% (21/50), p=0.050) (Table 
1). In addition, the mean umbilical artery blood gas pH value for 
C/S deliveries indicated by fetal distress was also significantly 
lower in Group 1 (p=0.048). According to the ACOG manage-
ment protocol, the category III (abnormal) FHR pattern rate was 
30.8% (4/13) in Group 1 and 33.3% (7/21) in Group 2 (p=0.877).
The induction of labor was applied in 19 (25.3%) subjects in 
Group 1 and in 41 (19.7%) subjects in Group 2 and the rate of 
labor induction were similar between the groups (p=0.307). 
When the mode of delivery was analyzed according to applying 
labor induction, both C/S delivery rates ((6/19 (31.6%) in Group 
1, 13/41 (31.7%) in Group 2; p=0.992)) and the rate of C/S deliv-
ery due to fetal distress ((4/6 (66.7%) in Group 1, 6/13 (46.2%) in 
Group 2; p=0.405)) were not different in both groups.

Discussion

PAPP-A, which was first obtained from the plasma of pregnant 
women in 1974, is a protein released from the placenta, and its 
concentration in maternal blood reflects placental activity (9, 10).  
PAPP-A is a specific protease for insulin-like growth factor bind-
ing protein-4 (IGFBP-4), and thus plays a role in fetal growth and 
the development and many physiopathologic events related to 
IGF-1 and -2 (11). Furthermore, it was found that PAPP-A plays 
an exclusive role in the autocrine and paracrine regulation of 
the trophoblastic invasion of the decidua (12, 13). Low PAPP-A 
levels are thought to be attributable to sequestration by binding 
proteins for free IGFs, and this can negatively affect fetal growth 
and cause obstetric complications (4, 12).
Ucella et al. (7) found that the rate of non-elective C/S deliveries 
indicated by fetal distress was higher among mothers with low 
PAPP-A levels (16.2%) than among mothers with normal PAPP-A 
(7.9%) levels. Thus, they suggested that low PAPP-A levels may 
be not only related to antenatal complications (preeclampsia, 
intrauterine growth retardation, preterm delivery, and loss of 
pregnancy), but also may be a risk factor for acute intrapartum 
fetal distress related to abnormal placentation and placental 
dysfunction, leading to more emergency C/S deliveries (7).
In this study, we investigated whether fetal distress developed 
more frequently during labor in cases with low maternal PAPP-A 
levels in the first trimester and examined the umbilical arterial 
blood gas levels to evaluate whether there was an indirect cor-
relation between low PAPP-A levels and the placental reserve 
during active labor.
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Our findings are consistent with the results reported by Ucella et 
al. (7) and demonstrate a higher rate of C/S delivery because of 
fetal distress during active labor in cases with low PAPP-A levels 
(≤0.5 MoM) measured during the first trimester.
Ucella et al. (7) also found that the umbilical arterial blood pH 
was significantly lower in cases where a C/S was performed be-
cause of fetal distress in cases of low PAPP-A levels compared 
to cases with normal PAPP-A levels (pH: 7.19 vs pH: 7.26, re-
spectively). We also analyzed the umbilical cord blood pH im-
mediately postpartum in cases where a C/S was performed 
because of fetal distress, but we could not found any signifi-
cant differences between the groups. Although the intrapartum 
wellbeing of the fetus during labor is generally followed with 
fetal electronic monitoring (FEM), in almost 50% of the fetuses 
where fetal distress is detected with FEM, the oxygenation of the 
fetus is normal (14-16).
In conclusion, PAPP-A levels between the 11th and 14th weeks of 
gestation likely reflect placental function, and the risk of devel-
oping intrapartum fetal distress and the risk of C/S due to fetal 
distress are higher in cases with low (≤0.5 MoM) PAPP-A levels. 
Nonetheless, this risk is not affected by labor induction by oxy-
tocin. The PAPP-A level measured during aneuploidy screening 
in the first trimester of pregnancy can help predict the devel-
opment of intrapartum fetal distress. Our study is limited by its 
retrospective design; thus, prospective studies are required to 
verify our results.
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Introduction

Preeclampsia and intrauterine growth restriction (IUGR), as 
well as related perinatal death or preterm birth before the 32nd 
week of pregnancy, are very closely related with the underly-
ing potential placental pathology. In the last 25 years, many 
studies have been conducted regarding the early recogni-
tion of placental insufficiency. Doppler flow measurements 
of uterine and umbilical arteries, as well as maternal serum 
alpha fetoprotein (AFP) and human chorionic gonadotropin 
(hCG) levels, during the first and second trimesters of preg-
nancy are most frequently studied to predict placental insuf-
ficiency and its effects on the fetus (1).
Uterine artery Doppler velocimetry results have demonstrated 
that hemodynamic changes detectable in the uterine artery 
as early as in the first trimester of pregnancy are associated 
with an increased risk of preeclampsia and IUGR (2-4). This 
association can also be demonstrated in the second and third 
trimesters (5-7).

Several studies have recently shown that low serum levels of 
pregnancy-associated plasma protein A (PAPP-A) might be as-
sociated with poor pregnancy and poor neonatal outcomes 
(1, 8, 9). PAPP-A, which was first purified from the serums 
of pregnant women in 1974, is a member of the metzincin 
family of metalloproteinases (10, 11). PAPP-A is an insulin-like 
growth factor-binding protein (IGFBP)-specifically, a protease. 
IGFBPs bind to insulin-like growth factor (IGF) 1 and 2 and 
disconnect these proteins from cell surface receptors; thus, 
low levels of serum PAPP-A are associated with low levels of 
bioactive IGF (11).
A low level of maternal serum PAPP-A is an important sign of 
early placental insufficiency in the first three months of preg-
nancy; however, the effects on the fetus reaches recognizable 
levels in the second trimester. Nevertheless, growth restriction 
determined in the second trimester is also directly associated 
with poor pregnancy and poor neonatal outcomes. Detailed ul-
trasonography for fetal biometric measurements (FBMs) and 
Doppler flow measurements that would be performed in the 
second trimester in patients with low levels of serum PAPP-A, 
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which is measured routinely within the scope of first-trimester 
aneuploidy screening at the 11th–14th weeks of pregnancy may be 
beneficial in predicting poor pregnancy and poor neonatal out-
comes and in taking necessary measures (12, 13).
The present study aimed to determine the predictive value of 
maternal serum PAPP-A levels measured in the first trimester, 
uterine artery Doppler velocimetry performed during the sec-
ond trimester, and FBMs in the second and third trimesters 
for poor pregnancy and poor neonatal outcomes in pregnant 
women.

Material and Methods

This prospective cohort study was conducted in a single uni-
versity-based pregnancy clinic in the Department of Gynecol-
ogy and Obstetrics in Turkey between July 2013 and July 2015, 
with approval of the hospital ethics committee. The singleton 
pregnant women, who presented to our pregnancy clinic, were 
enrolled into the study from September 2013 to May 2015 after 
their informed consents were obtained. The study complied 
with the Declaration of Helsinki and ethical standards. Pregnant 
women were excluded from the final analyses if they missed 
follow-up visits or had complicated pregnancies, such as abor-
tion or iatrogenic termination of the pregnancy.
The women included in the study were followed up after the 
confirmation of pregnancy until delivery. Initially, all the study 
participants underwent the first-trimester aneuploidy screen-
ing test at the 11th–14th weeks of pregnancy, including ma-
ternal serum PAPP-A, β-hCG, and nuchal translucency mea-
surements. Subsequently, color pulsed Doppler ultrasound 
examination of the bilateral uterine arteries was performed at 
the 15th–18th weeks of pregnancy. The women with diastolic 
notches, unilateral or bilateral, in the uterine artery Doppler 
waveforms were recorded. The pulsatility index (PI) and resis-
tance index (RI) of both uterine arteries were measured and 
their arithmetic means were calculated. FBMs, including fetal 
biparietal diameter (BPD), head circumference (HC), femur 
length (FL), and abdominal circumference (AC), were mea-
sured at the 20th–24th and 28th–32nd weeks of pregnancy, and the 
HC/AC ratio was calculated. Poor pregnancy outcomes, such 
as pregnancy-induced hypertension, preeclampsia, and pre-
term birth, and poor neonatal outcomes as well as birthweight 
measured at delivery were noted. Women were divided into 
two groups according to the pregnancy or neonatal outcomes: 
the group with and the group without poor outcomes. These 
two groups were compared with each other with respect to 
the test results specified above, in order to determine the pre-
dictive values of the analyses.
All the clinic-demographic characteristics and test results were 
recorded in a prospectively formed electronic database. All the 
ultrasonographic measurements were performed by the same 
physician, using color Doppler ultrasound (Voluson 730 Expert, 
General Electric Healthcare; Chicago, USA) and the data were 
assessed by a single researcher.
Pregnant women were considered to be under risk of early-on-
set IUGR when the estimated gestational age according to the 
ultrasonographic FBMs at the 20th–24th and 28th–32nd weeks of 

pregnancy was more than one-week behind the gestational age 
calculated according to the last menstrual period (LMP) and 
when HC/AC ratio was over 1.15 and 1.10 at the 20th–24th and 
28th–32nd weeks of pregnancy, respectively (12, 13). This group 
was compared with the group of pregnant women in whom the 
estimated gestational age according to the FBMs was consistent 
with the gestational age calculated according to the LMP, with 
respect to the test results as well as pregnancy outcomes, in-
cluding the birth weight.
Pregnancy-induced hypertension (PIH) was diagnosed if the 
arterial blood pressure of the patient was 140/90 mmHg and 
higher, whereas the diagnosis of preeclampsia was made if a 
high blood pressure was accompanied by proteinuria ≥300 mg 
in 24 hours (14). Birth before the 37th week of pregnancy was 
considered as a preterm birth. The threat of preterm labor was 
diagnosed when there were regular uterine contractions (4 per 
20 minutes) without any cervical dilatation before the 37th week 
of pregnancy. Preterm premature rupture of the membranes 
(PPROM) was defined as rupture of the membranes before 
the onset of labor before the 37th week of pregnancy. Low birth 
weight was defined as a birth weight <2500 g.
A prospective cohort study design was chosen to conduct the 
study in order to minimize a potential bias that could result from 
the nature of the trial. In addition, ultrasonographic measure-
ments and the data assessment were performed by two differ-
ent researchers.
Data were analyzed by Chi-square, Mann–Whitney U test, and 
Student t-test using SPSS (Statistical Package for Social Scienc-
es version 15.0, SPSS Inc.; Chicago, USA) program. A value of 
p<0.05 was considered as statistically significant. The param-
eters assumed to predict pregnancy outcomes were evaluated 
by receiver operating characteristic (ROC) curves.

Results

A total of 175 singleton pregnant women were enrolled in the 
study. Of these pregnancies, three were terminated due to 
missed abortion and one was terminated due to Trisomy 21. 
Thirteen patients were lost to follow-up at different phases of 
the study. The remaining 158 patients formed the study group. 
Table 1 summarizes the clinicodemographic characteristics of 
the study participants. Over the course of the follow-up period, a 
total of 17 (10.75%) pregnant women were determined to have 
at least one of the poor pregnancy outcomes (Table 2).
An ROC curve generated for the first-trimester maternal serum 
PAPP-A values is presented in Figure 1. Considering the cut-off 
value as a 0.72 multiple of the median (MoM), (Standard Error, 
SE: 0.039) (95% CI 0.646–0.798), the sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value (NPV) 
achieved for the poor pregnancy outcomes were 82.4%, 29.8%, 
67%, and 56%, respectively.
In the ROC curve analysis of the arithmetic mean of PI of the 
right and left uterine arteries (UAPImean), the cut-off value was 
considered to be 1.08 with 58.8% sensitivity, 48.2% specificity, 
76% PPV, and 55% NPV for poor pregnancy outcomes (Standard 
Error, SE: 0.039) (95% CI 0.646–0.798) (Figure 2). Pregnancy out-
comes were compared between the two groups formed based 
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on this cut-off value; however no statistically significant differ-
ence was determined (p=0.582) (Table 3). After calculating 
the UAPImean for each pregnant woman, the mean value of 
the entire group was calculated as 1.18. The entire group was 
divided into two subgroups according to the UAPImean value: 
≤1.18 or ≥1.19. There was no statistically significant difference 
between the two subgroups in terms of poor pregnancy out-
comes (p=0.723), but the mean birth weights showed a signifi-
cant difference (p=0.025), being lower in the subgroup with an 
UAPImean of ≥1.19 than that of the subgroup with an UAPIme-
an ≤1.18 (Table 4).

The mean RI (UARImean) value of both uterine arteries was 
calculated for each pregnant woman, and then an ROC curve 
was drawn (Figure 3). The sensitivity, specificity, PPV, and NPV 
values for the poor pregnancy outcomes were 58.8%, 34%, 36%, 
and 47%, respectively, when the cut-off value was taken as 0.582 
(Standard Error, SE: 0.039) (95% CI 0.646–0.798). After calculat-

Table 1. Clinicodemographic characteristics of the study 
participants (n=158)

Characteristics Descriptive values Additional
 (mean±SD or n) explanation

Age 27.9±4.4 years Range: 17–41

Weight 62.8±10.1 kg Range: 42–108

Smoking 8 women (5.06%) 2–8 cigarettes day

First pregnancy 64 women (40.5%) -

Previous poor pregnancy 18 women (11.4%) PIH, Preeclampsia, GDM, 
outcome  Preterm birth, PPROM,  
  IUGR, Trisomy 21, 
  Fetal anomaly

Concomitant disease 13 women (8.2%) Hypo-hyperthyroidism, 
  FMF, Psoriasis, Cardiac

  valve diseases, Chronic  
  HT, 
  Asthma, Thalassemia  
  carrier

Medications 7 women (4.4%) Levothyroxine,  
  Colchicine,

  Alfa methyldopa

PIH: pregnancy-induced hypertension; GDM: gestational diabetes mellitus; 
PPROM: preterm premature rupture of the membranes; IUGR: intrauterine 
growth restriction; FMF: familial Mediterranean fever; HT: hypertension

Table 2. Numeric and proportional distribution of poor 
pregnancy outcomes determined during follow-up

Outcomes Number of patients Percentage (%)
 (n=17) (n=158)

PIH/Preeclampsia 5 (3/2) 3.16

Threat of preterm labor 1 0.63

PPROM 4 2.53

Preterm birth <37th week 14 8.86

Preterm birth <32nd week - -

Need for neonatal intensive care 7 4.43

Low birth weight 7 4.43

Placental abruption (ablatio - - 
placentae) 

PIH: pregnancy-induced hypertension; PPROM: preterm premature rupture of 
the membranes

Table 3. Comparison of pregnancy outcomes between two 
subgroups formed according to the cut-off value of UA-
PImean determined by the ROC curve analysis

 Number of patients Percentage (%)
Outcomes (n=17) (n=158)

<1.08 (n=75) 7 (9.3%) 68 (90.7%)

≥1.08 (n=83) 10 (12%) 73 (88%)

∗Chi-square test: p=0.582.

UAPImean: arithmetic mean of the pulsatility indices of the right and left uterine 
arteries; ROC curve: receiver operating characteristic curve
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Figure 1. ROC curve for maternal serum PAPP-A level
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Figure 2. ROC curve for UAPImean
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ing the UARImean for each pregnant woman, the mean value 
of the entire group was calculated as 0.62 and the entire group 
was divided into two subgroups according to the UARImean val-
ues: ≥0.62 or <0.62. No statistically significant difference was 
determined between the two subgroups in terms of pregnancy 
outcomes (p=0.797), while the mean birth weight was signifi-
cantly higher in the subgroup with UARImean <0.62 than that of 
the subgroup with an UARImean of ≥0.62 (p=0.013) (Table 5).
There was no significant difference between the women with 
unilateral uterine artery notch and the women with bilateral 
uterine artery notch in terms of pregnancy outcomes.
Receiver operating characteristic curves were drawn for HC/AC 
ratio measured at the 20th–24th and 28th–32nd weeks of pregnancy 
(Figure 4, 5, respectively). Taking the cut-off value of HC/AC ratio 
as 1.135 for the 20th–24th weeks of pregnancy (Standard Error, 
SE: 0.039) (95% CI 0.646–0.798), the sensitivity, specificity, PPV, 
and NPV for poor pregnancy outcomes were 58.8%, 49.6%, 56%, 
and 49%, respectively. The cut-off value of HC/AC ratio for the 
28th–32nd weeks of pregnancy was taken as 1.075 (Standard Er-
ror, SE: 0.039) (95% CI 0.646–0.798) with 52.9% sensitivity, 41.1% 
specificity, 59% PPV, and 67% NPV.
Pregnant women considered to be under the risk of early-onset 
IUGR (inconsistent FBMs subgroup), as specified in the Material 
and Methods section, were compared with the pregnant wom-
en with whom the estimated gestational age according to the 

fetal biometric measurement was consistent with the gestation-
al age calculated according to the last menstrual period (consis-
tent FBMs subgroup), in terms of the pregnancy outcomes and 
birth weight (Table 6). Statistically significant differences were 

Table 4. Comparison of pregnancy outcomes and birth weight between two subgroups formed according to the UA-
PImean of the entire group

                                      Pregnancy outcome*   Birth weight (g) 
                                      (n=158)   (n=158)
 Poor Not poor 
UAPImean (n=17) (n=141) Mean±SD** Median Range

≤1.18 (n=90) 9 (10%) 81 (90%) 3320.2±411.1 3350 2400–4105

≥1.19 (n=68) 8 (11.8%) 60 (88.2%) 3165.7±445.8 3145 1860–4600

*Chi-square test: p=0.723 for comparison of the pregnancy outcomes between the two subgroups.

**T-test: p=0.025 for comparison of the mean birth weight between the two subgroups.

UAPImean: arithmetic mean of the pulsatility indices of the right and left uterine arteries; SD: standard deviation 
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Figure 3. ROC curve for UARImean
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Figure 5. ROC curve for HC/AC ratio measured at the 28th–32nd 
weeks of pregnancy
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Figure 4. ROC curve for HC/AC ratio measured at the 20th–24th 
weeks of pregnancy
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determined between the two subgroups in terms of pregnancy 
outcomes (p=0.045) and birth weight (p=0.011).

Discussion

Impaired placentation is one of the most important causes 
of poor pregnancy outcomes for mother and/or the baby. Re-
searches on the etiology of unpleasant outcomes of pregnancy, 
such as preeclampsia, IUGR, and preterm birth, highlight the 
importance of normal placental development. Markers that 
could indicate these changes prior to the onset of disorder will 
provide us a chance to take early preventive measures and even 
to prevent this in the future. For this reason, the world of perina-
tology has carried out many studies, particularly in recent years, 
on numerous placental biochemical markers, various Doppler 
ultrasound techniques and parameters, and various ultrasono-
graphic methods to evaluate fetal and placental development 
in order to determine placental defects (1, 8, 10, 11). We aimed 
to determine the predictive value of the maternal serum PAPP-
A level of the first trimester, uterine artery Doppler velocimetry 
of the second trimester, and FBMs of the second and third tri-
mester for poor pregnancy and poor neonatal outcomes which 
would probably occur due to placentation defect in pregnant 
women, and we found that the early prediction of unfavorable 
maternal and unfavorable neonatal outcomes of placental in-
sufficiency might be possible using some test results, such as 
FBMs or an assessment of the HC/AC ratio, even though there is 
no method that can be used alone as a screening test.

The association between low hCG (<0.5 MoM) and PAPP-A 
(<0.4 MoM) levels, which are measured on the 10th–14th weeks 
of pregnancy, and the complications of pregnancy has been 
demonstrated previously (15, 16). In the present study as well, 
poor pregnancy outcomes could be predicted with 82.4% sen-
sitivity and 29.8% specificity when the cut-off value was taken 
as 0.72 MoM in the ROC curve drawn for PAPP-A, which was 
measured in the 11th–14th weeks of pregnancy.
Doppler ultrasonography of the uterine arteries is the other 
method used for the early prediction of pathological placenta-
tion and can be performed at various weeks of pregnancy. In 
the present study, a Doppler ultrasound of uterine arteries was 
performed on the 15th–18th weeks of pregnancy, the mean PI 
value of both sides was calculated (UAPImean), and then an 
ROC curve was drawn. We achieved a sensitivity of 58.8% and a 
specificity of 48.2% for poor pregnancy outcomes when the cut-
off value was taken as 1.08. The average value of the entire group 
of pregnant women for UAPImean was found to be 1.18±0.40, 
with no significant difference determined between pregnancy 
outcomes when the group was divided into two based on this 
value. However, a statistically significant difference was deter-
mined in terms of the mean birth weight (p=0.025). The results, 
thus, indicate that increased uterine artery PI might cause a de-
crease in birth weight. Cooper et al. (17) conducted a study in 
229 pregnant women and underlined the value of an increased 
mean uterine artery PI measured at the 22nd week of pregnancy 
in predicting preterm birth, the small for gestational age (SGA), 
and a low birth weight, particularly in pregnant women with a 
PAPP-A value lower than 0.4 MoM. Pilalis et al. (18) evaluated 
878 pregnant women on the 11th–14th weeks of pregnancy and 
emphasized that each of the Doppler ultrasound of uterine arter-
ies and the PAPP-A value is an independent factor for predicting 
SGA and that the combination of both is more effective for pre-
diction. The present study, showing an inverse relation between 
uterine artery PI and birth weight, differs from the other studies 
in that uterine artery PI has been evaluated within a different 
gestational age period of pregnancy. Nevertheless, it is neces-
sary to underline that a normal PI does not exclude obstetric 
complications, as was demonstrated in almost all studies.
RI is another parameter assessed by Doppler ultrasound of the 
uterine arteries. In the present study, the mean RI of the uterine 
arteries (UARImean) was calculated for each pregnant woman 
and then an ROC curve was drawn. We were able to predict 
poor pregnancy outcome with 58.8% sensitivity and 34% speci-
ficity when the cut-off value was taken as 0.582. The average 

Table 6. Comparison of pregnancy outcomes and birth weight between two subgroups formed according to fetal biometric 
measurements

UAPImean                                      Pregnancy outcome*   Birth weight (g) 
                                      (n=158)   (n=158)
 Poor Not poor 
 (n=17) (n=141) Mean±SD** Median Range

Consistent (n=130) 11 (8.5%) 119 (91.5%) 3292.1±440.7 3313.5 1860–4600

Inconsistent (n=28) 6 (21.4%) 22 (78.6%) 3075.7±341.1 3110 2500–3740

*Chi-square test: p=0.045 for comparison of the pregnancy outcomes between the two Subgroups.

**Mann–Whitney U test: p=0.011 for comparison of the mean birth weight between the two Subgroups. 

Table 5. Comparison of pregnancy outcomes and birth 
weight between two subgroups formed according to the 
UARImean of the entire group

                            Pregnancy outcome* Birth weight  (g)** 
                         (n=158)  (n=158)

 Poor Not poor  
UARImean (n=17) (n=141) Mean±SD**

<0.62 (n=79) 8 (10.1%) 71 (89.1) 3338.3±413.5

≥0.62 (n=79) 9 (11.4%) 70 (%88.6) 3169.1±435.8

*Chi-square test: p=0.797 for comparison of the pregnancy outcomes between 
the two subgroups.
**T-test: p=0.013 for comparison of the mean birth weight between the two 
subgroups.  
UARImean: arithmetic mean of the resistance indices of the right and left 
uterine arteries
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value of UARImean was calculated for the whole group and the 
group was divided into two according to this value (0.62±0.10). 
We failed to determine a significant difference between the 
groups in terms of obstetric complications; however, there was 
significant difference between the mean birth weights of the 
groups (p=0.013). This result suggests that increased uterine 
artery RI, as well as increased PI, might cause a decrease in 
birth weight. The literature includes studies propounding that 
increased uterine artery RI and uterine notch can predict pre-
eclampsia and SGA (19, 20). In these studies, which were per-
formed in large population groups and usually in the 18th–24th 
weeks of pregnancy, the sensitivity reached 63–95% when RI 
was above the 95th percentile or when the limit values of 0.56–
0.58 were used for RI (21, 22). The RI found in the present study 
is close to those determined in earlier studies, although the cut-
off value 0.582 was measured in a different gestational age pe-
riod of pregnancy. The present study found no significant differ-
ence between the women with unilateral uterine artery notch 
and the women with bilateral uterine artery notch in terms of 
pregnancy outcomes.
Ultrasonographic biometry has always been an important 
tool in monitoring fetal development. In the present study, the 
pregnant women with whom estimated gestational age that 
was calculated based on ultrasonographic FBMs performed at 
the 20th–24th and 28th–32nd weeks of pregnancy was more than 
1 week behind the gestational age calculated according to the 
last menstrual period and the pregnant women with an HC/
AC ratio over 1.15 and 1.10 at the 20th–24th and 28th–32nd weeks 
of pregnancy, respectively, were considered to be under a 
risk of early onset fetal growth restriction. This high-risk group 
was compared with the other group of pregnant women and 
statistically significant differences were determined in terms 
of pregnancy outcomes (p=0.045) and mean birth weight 
(p=0.011). In the literature, studies on this subject are not so 
many, excluding two separate studies conducted by Fox et al. 
(12, 13) suggesting an association between a HC/AC ratio >90th 
percentile and poor pregnancy outcomes and the study con-
ducted by Colley et al. (23) determining a weak correlation 
between the HC/AC ratio and the ponderal index. In addition 
to the literature information, the present study indicated that 
it is possible to obtain significant results in terms of pregnancy 
outcomes and birth weight in the light of precise FBMs and an 
assessment of the HC/AC ratio (23, 24).
Our study has some limitations. First, power calculation was not 
performed, and we had a small sample size in terms of the sub-
group with poor pregnancy outcomes. Second, we did not com-
bine the results of the tests to analyze the predictive values of 
the combinations of current biochemical and ultrasonographic 
methods.
In conclusion, we aimed to determine the predictive value of 
maternal serum PAPP-A levels, uterine artery Doppler velocim-
etry, and FBMs for poor pregnancy and poor neonatal outcomes 
in pregnant women and found that serum PAPP-A levels and 
FBMs could be used for predicting pregnancy outcomes, while 
uterine artery Doppler velocimetry and FBMs could be used 
for predicting neonatal outcomes, specifically the birth weight. 
Therefore, an early prediction of unfavorable maternal and neo-

natal outcomes of placental insufficiency might be possible us-
ing some test results, such as FBMs or by the assessment of the 
HC/AC ratio, even though there is no method that can be used 
alone as a screening test. Therefore, different combinations of 
current biochemical and ultrasonographic methods may be 
necessary. It is clear that a screening test including certain com-
binations of biochemical and ultrasonographic markers with 
certain cut-off values, which will be created in multicenter stud-
ies with larger study populations, is needed in the future in order 
to predict obstetric complications earlier.
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Introduction

Adenomyosis (ADS) is a benign gynecological condition 
where ectopic endometrial glands invade into the myome-
trium, resulting in hyperplasia of the adjacent smooth muscle 
(1). The prevalence of ADS in hysterectomy specimens was 
found to be 28.2% in a study (2). Studies have demonstrated 
the occurrence of invasive adenomyotic lesions associated 
with increased levels of matrix metalloproteinases (MMPs) 
and showed increased levels of vascular endothelial growth 
factor (VEGF) in patients with ADS (3, 4). The progressive en-
largement of the uterus due to adenomyotic lesions is con-
sidered to cause symptoms such as abnormal uterine bleed-
ing (AUB), dysmenorrhea, and uterine tenderness (5). ADS is 
often accompanied by endometriosis and leiomyomas (5). 
However, there is a debate over the definitive diagnosis of 
ADS in the preoperative period based on demographic fea-
tures and patient symptoms (6). 
There is currently no diagnostic imaging method or standard 
treatment approach for ADS (7). Although medical therapies 
involving antiestrogenic drugs, gonadotropin-releasing hor-
mone agonists (GnRH-a), and levonorgestrel-releasing intra-

uterine systems are used to control the symptoms of ADS as 
it is an estrogen-dependent condition, hysterectomy still re-
mains the definitive treatment for this disease (5, 8). Abdomi-
nal, vaginal, or laparoscopic hysterectomy (LH) can be per-
formed in patients that are considered to have ADS (5). 
LH is a popular technique. Because it has better cosmetic 
results and short recovery time (9).Performing LH is popular 
among surgeons because it facilitates faster recovery, faster 
return to work, and better cosmetic outcomes (9). Wu et al. 
(10) declared that LH is performed in 12% of cases. LH has a 
rate of 10% among other hysterectomy methods.  Overall, LH 
is not preferred due to higher rates of major surgical compli-
cations (11). On the other hand, complication rates in LH in-
crease as the uterus size increases (12). Supracervical LH can 
be performed in patients with benign uterine conditions such 
as ADS. However, Sasaki et al. (13) argued that postoperative 
persistent vaginal bleeding may present due to residual ad-
enomyotic foci in the endometrial tissue remaining in the cer-
vical stump or adenomyotic lesions that may get implanted on 
the stump during morcellation after supracervical LH. 
The presence of ADS may increase complication rates as-
sociated with LH due to the increased weight of uterus, in-
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creased vascularization of uterus, impaired myometrial tissue, 
and presence of additional gynecological pathologies such as 
leiomyoma or endometriosis. The aim of the present study was 
to evaluate perioperative and early postoperative parameters in 
patients with or without adenomyotic lesions.

Material and Methods

The study included patients who underwent LH in the Depart-
ment of Obstetrics and Gynecology at Düzce University School 
of Medicine between August 1, 2012, and December 1, 2015. 
Patient data were retrieved from the university records and ret-
rospectively reviewed. Out of the 94 patients who underwent 
LH, 71 were found to be eligible for our study. The study group 
comprised patients who were found to have adenomyotic le-
sions in the postoperative histopathologic examination of tissue 
sections, and the control group comprised patients who did not 
have any adenomyotic lesions.
All patients underwent bimanual pelvic examination, transvagi-
nal ultrasonography (USG), cervico-vaginal smear, and endo-
metrial tissue sampling in order to rule out the presence of any 
malignancy before surgery (9). The patients that had undergone 
cesarean section, hysterotomy, adnexal surgery, appendecto-
my, rectosigmoid surgery, or similar surgery in the pelvic area in 
the past were considered to have a positive history of pelvic sur-
gery. The patients with uterovaginal prolapse, descensus uteri, 
and any defect in the anterior or posterior compartment of the 
vagina in the preoperative period were considered to have pro-
lapse of the pelvic organs. The patients who were found to have 
focal/generalized and simple/complex endometrial hyperplasia 
with or without atypical changes in the preoperative examina-
tion of the endometrial tissue samples were classified under 
endometrial hyperplasia, which was used as an indication for 
surgery. The patients with a preoperative diagnosis of AUB who 
were found to have a demonstrable uterine pathology such as 
accompanying leiomyoma of the uterus, endometrial polyps, 
or endometrial hyperplasia were classified under the relevant 
uterine pathology as an indication for surgery. The patients with 
uterine bleeding but without a demonstrable cause were preop-
eratively classified as AUB.
Bowel preparation involved the administration of oral laxatives 
and rectal enema 1 day before the surgery. The anesthesiolo-
gist recorded the operation time based on the patient follow-
up forms. Delta hemoglobin (Hb) was defined as the difference 
between preoperative and postoperative Hb levels (9). A pelvic 
drainage system was placed before the completion of surgery 
in some patients, if deemed necessary by the attending sur-
geon. The diagnosis of postoperative fever was confirmed only 
when the body temperature was ≥100.4°F (38°C) in 2 subse-
quent measurements within 4- to 6-hour intervals 24 hours after 
the surgery or if body temperature persisted at ≥101°F (38.3°C) 
in the postoperative period (14). In patients without fever, the 
highest body temperature measured in the postoperative period 
was recorded as the “maximum body temperature.” Massive 
hemorrhage, need for reoperation due to other reasons, urinary 
tract injuries, and bowel and major vessel injuries were consid-
ered as major complications.

The patients were re-assessed every 24 hours in the postopera-
tive period. The time to remove urinary catheters and the dis-
charge time were recorded as the time interval during which 
they occurred, namely, 0–24, 24–48, or 48–72 hours. The patients 
without the need for opioids, exhibiting urinary retention, and 
mobile patients who were able to dress on their own were dis-
charged from the hospital (15).
Dr. A.Y. was involved in all the surgeries considered in this study, 
and LH was performed with the technique used by this surgeon. 
The patients who underwent surgery using other techniques 
and patients who underwent supracervical LH or non-gyneco-
logic additional procedures, patients whose medical records 
could not obtained, and patients who were found to have a ma-
lignancy in the histopathologic examination of frozen sections 
or during preoperative/postoperative histopathologic examina-
tion were excluded from our study. The operation time was 
missing for 1 patient. The excised specimens were examined, 
and the pathology reports were issued by the same pathology 
department.
All procedures were performed under general anesthesia: the 
patients were placed in the lithotomy position. Urinary catheter-
ization and insertion of a nasogastric tube were performed in 
all the patients. A manipulator was placed in the uterine cavity.
The surgeon remained on the left-hand side of the patient dur-
ing surgery. After creating pneumoperitoneum and a 10-mm tro-
car sleeve placement, a 10-mm telescope was passed through 
this sleeve. Two 5-mm trocar sleeves were placed in the right 
and left hypochondrium regions lateral to the rectus abdominis 
muscle and inferior epigastric vessels in the outer one-third of 
the distance between the anterior superior iliac spine and um-
bilicus. A 5- or 10-mm trocar sleeve was placed 3 cm below the 
left costal margin at the midclavicular line (Palmer’s point). A 
vessel-sealing device (LigaSure™, Covidien; Boulder, Colorado, 
USA) or ultrasonic scalpel (Harmonic Ace®, Ethicon Endo-Sur-
gery Inc.; Cincinnati, OH, USA) was passed through the trocar 
placed at the Palmer’s point. A 5-mm dissector and grasping for-
ceps were passed through the trocars placed in the two lower 
quadrants. A manipulator was used to elevate the uterus from 
the pelvic floor during surgery, while paying particular attention 
to the possible projection of the ureter below the peritoneum. 
Hemostasis was achieved in the infundibulopelvic ligament 
in patients that underwent salpingo-oophorectomy and in the 
utero-ovarian ligament in patients that did not undergo salpin-
go-oophorectomy. The bladder was dissected from the lower 
segment of the uterus and superior portion of the vagina. The 
uterine arteries were skeletonized, coagulated, and separated 
on both sides using LigaSure. The vaginal wall was completely 
separated from the cervix using Harmonic Ace® above the sa-
crouterine ligaments and vaginal fornices delineated with a ma-
nipulator. The vaginal cuff was stitched with absorbable sutures 
having increased strength using the transvaginal or laparoscopic 
approach.
For a large uterus (weight >280 g or gestation size >12 weeks) 
during inspection before surgery, the operation proceeded with 
the method used by Yavuzcan et al. (9) in their previous study.
Patients in whom the trajectory of the ureter could not be 
clearly observed or in patients with a high index of suspicion 
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for injury to the urinary tract or patients that had a difficult 
bladder dissection underwent diagnostic cystoscopy and/or 
ureteral catheterization at the end of the procedure. These 
patients were recorded as “patients that underwent invasive 
assessment of the integrity of the urinary tract.” Surgical pro-
cedures to treat stress urinary incontinence, corrective sur-
gery for the prolapse of pelvic organs, and perineoplasty pro-
cedures were regarded as additional genitourinary surgical 
procedures.
In the present study, the histopathological examination of 
multiple sections obtained from the hysterectomy specimens 
revealed the presence of ADS in 10 patients (14.1%), which 
comprised the study group. The remaining 61 patients (85.9%) 
without ADS comprised the control group.
Descriptive statistics included mean, standard deviation, and ra-
tio. Data from the t-test performed on the independent samples 
was used in the analysis of the qualitative data, and Fisher’s 
exact test was used to compare the quantitative data between 
both the groups. SPSS version 19.0 (IBM SPSS Statistics for Win-
dows, Version 19.0, IBM Corporation; New York, USA) software 
package was used in the statistical analysis. In our case, p<0.05 
was considered to be statistically significant.

Results

In this study, the mean age of the patients was 50.93±9.39 years. 
The indication for surgery was uterine fibroids in 23 patients 
(32.4%) and AUB in 14 patients (19.7%), and prediagnosis of ADS 
in the preoperative period happened in only 1 patient (1.4%). 
Out of the patients that underwent LH, 14 patients (19.7%) also 
underwent additional surgery to their genitourinary system. The 
characteristics of the patients are presented in Table 1.
Out of the patients who exhibited adenomyotic lesions, 6 pa-
tients (60%) had concurrent leiomyoma, 4 patients (40%) had 
chronic cervicitis, and 2 patients (20%) had salpingitis isthmica 
nodosa (SIN). Out of the 61 patients (85.9%) without adenomy-
otic lesions in the control group, 41 patients (67.2%) had con-
current chronic cervicitis, 29 patients (47.5%) had leiomyoma, 
and 5 patients (8.1%) had 1 of the subtypes of endometrial hy-
perplasia.
The mean uterus size was significantly higher in patients with 
adenomyotic lesions (290.30±179.41 vs. 173.52±138.49 g, 
p=0.02). There was no statistically significant difference in the 
perioperative variables such as delta Hb, insertion of pelvic 
drainage catheter, and invasive assessment of the urinary tract 
between both the groups (p=0.27, p=1.0, and p=0.67, respec-
tively) (Table 2).
Blood transfusion was required in the postoperative period in 
2 patients (20%) with adenomyotic lesions in the study group 
and 5 patients (8.1%) without adenomyotic lesions in the con-
trol group; however, the difference between the groups was not 
statistically significant (p=0.25). There was no statistically sig-
nificant difference in the postoperative maximum body temper-
ature, length of hospital stay, and duration of urinary catheter-
ization between both the groups (p=0.77, p=0.36, and p=0.75, 
respectively) (Table 3).

Table 1. General patients’ characteristics 

  n=71/  Min. - 
  (100%) Mean±SD Max.

Age 71 (100%) 50.93±9.39 38-79

Parity 71 (100%) 3.38±2.00 0-9

Gravida 71 (100%) 3.87±2.70 0-17

Past history of pelvic surgery (+) 20 (28.2%)  

Use of morcellation 5 (7%)  

Additional genitourinary surgery 14 (19.7%)  

Mean operation time, t (min)γ 70 (98.5%) 158.39±45.54 75-300

Major complication 3 (4.2%)  

Indications   

• Leiomyoma 23 (32.4%)  

• AUB 14 (19.7%)  

• Adnexial mass 7 (9.9%)  

• Prolapse of the pelvic organs 6 (8.5%)  

• Endometrial hyperplasia 5 (7.0%)  

• Pelvic mass 4 (5.6%)  

• Cervical premalignant lesion 3 (4.2%)  

• ADS+chronic pelvic pain 1 (1.4%)  

• Other 8 (11.2%)  

γmissing data in 1 patient
SD: standard deviation; AUB: abnormal uterine bleeding; ADS: adenomyosis

Table 2. Comparison of perioperative variables

 ADS (-) ADS (+) 
 n=61 (85.9%) n=10 (14.1%) p

Weight of uterus (gr.)α 173.52±138.49 290.30±179.41 0.02

Delta Hb (gr/dL)α 1.64±1.11 2.14±2.36 0.27

Pelvic drainage cathetera 18 (29.5%) 3 (33.3%) 1.0

Inv. assess. of urinary tract.a 12 (19.6%) 1 (10%) 0.67
αMean±Standard Deviation
anv (%)
*p<0.05 was considered statistically significant.
Inv. assess. of urinary tract.: patients that underwent invasive assessment 
of the integrity of the urinary tract; ADS: adenomyosis; Hb: hemoglobin

Table 3. Comparison of postoperative variables

 ADS (-) ADS (+) 
 (n=61) (n=10) p

Length of Hospital Stay (days)α 3.38±1.62 2.90±0.73 0.36

Urinary Catheterization (days)α 1.23±0.66 1.30±0.48 0.75

Postoper. max. body temp. (°C)α 36.78±0.50 36.82±0.27 0.77

Blood Tx. Requirementa 5 (8.1%) 2 (20%) 0.25
αMean±Standard Deviation
an (%)
*p<0.05 was considered statistically significant.
Postoper. max. body temp.: postoperative maximum body temperature 
ADS: adenomyosis
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Discussion

The definitive diagnosis of ADS is based on the examination of 
hysterectomy materials in the postoperative period (16). There 
are ongoing studies attempting to accurately diagnose ADS us-
ing noninvasive and minimally invasive methods (16). USG and 
magnetic resonance imaging (MRI) can be helpful in the pre-
operative period (16). Also, Exacoustos et al. (17) reported that 
the coronal section of the uterus obtained by three-dimensional 
transvaginal ultrasound (3D-TVS) permits the accurate evalu-
ation and measurement of the JZ, and its alteration has good 
diagnostic accuracy for ADS. In the present study, only 1 patient 
(1.4%) was diagnosed with ADS in the preoperative period. A 
hysteroscopic biopsy can diagnose ADS (18). Traditionally, lapa-
roscopy has no place in the diagnosis of ADS (16). On the other 
hand, minimally invasive procedures may be used to treat ADS. 
In a recent study it was estimated that laparoscopic or robotic 
adenomyomectomy was feasible and safe for women with se-
verely symptomatic ADS who requested uterine preservation 
(19). ADS does not usually cause marked pathological changes 
in the serosa of the uterus. On the other hand, Graziano et al. 
(16) reported that an irregular structure of the uterus, blue dis-
coloration after performing the methylene blue dye test, and 
decreased resistance of the uterus during manipulation could 
be characteristic features of ADS.
Laparoscopic findings of ADS are probably associated with un-
derlying endometrial pathological lesions and altered uterine 
vascularization. ADS islets invading deep into the endometrial 
line are scattered within the muscle structure of the uterus 
(20). Although various definitions have been made regarding 
the distance of invasion below the endometrial line, definitive 
criteria are still debated (16). The posterior wall of the uterus 
is commonly involved in ADS, which exhibits irregular enlarge-
ment (1). In the present study, the mean weight of the uterus 
was significantly higher in patients with adenomyotic lesions 
(290.30±179.41 g vs. 173.52±138.49 g, p=0.02). Uterine fibroids 
are common findings accompanying ADS. The occurrence of 
uterine fibroids is another condition that causes the enlarge-
ment of the uterus. Vercellini et al. (20) reported that ADS is ac-
companied by uterine fibroids and menorrhagia in 23% patients. 
Similarly, in the present study, 60% patients with adenomyotic 
lesions had concurrent uterine leiomyoma. It is also known that 
an increasing weight of the uterus decreases visibility and un-
favorably influences the performance of endoscopic devices 
(21). Increased weight of the uterus is also associated with in-
creased perioperative blood loss during LH (22). The structure 
of vessels supplying a large uterus becomes thicker (22). Goteri 
et al. (4) claimed that there has been a marked increase in the 
development of microvessels in patients with ADS. The lesions 
of ADS have been shown to be hypervascularized tissues due to 
high VEGF content (23). Considering all these factors, increased 
perioperative blood loss and increased need for postoperative 
blood transfusion can be expected during LH in patients with 
ADS. However, there was no statistically significant difference 
in delta Hb (p=0.27) and need for blood transfusion (p=0.25) 
between patients with or without adenomyotic lesions in our 
study.

Urinary tract injury occurred in 1.3% of LH operations, with 
ureteral injuries almost as common as bladder injuries (24). 
American College of Obstetrics and Gynecology (ACOG) rec-
ommended the use of cystoscopy in patients with a high index 
of suspicion for urinary tract injuries (25). The highest risk of 
ureter trauma occurs in the neighborhood of the uterine artery 
(24). Manoucheri et al. (26) claimed that performing cranial de-
viation of the uterus with upward pressure on the uterine ma-
nipulator before cauterizing or incising uterine vessels or using 
upward traction on the uterine specimen with a laparoscopic 
tenaculum in lieu of a uterine manipulator are important for 
avoiding ureter injuries. Traction and countertraction are two 
important steps for maintaining hemostasis at the uterine artery 
level while performing LH (27). The difficulty of manipulating 
the uterus reported among the findings of ADS in the study by 
Graziano et al. (16) is possibly associated with the increased 
level of MMPs and increased angiogenesis (3). MMPs are proteo-
lytic enzymes, which have the potential capacity of degrading 
the extracellular matrix (ECM) components (28). In particular, 
MMP-2 and MMP-9 disintegrate type-IV collagen, which is the 
main component of the basement membrane (29). A study has 
demonstrated a marked increase in MMP-2 and MMP-9 levels in 
the ADS tissue (3). An invasive assessment of the urinary tract, 
placement of pelvic drainage system to monitor postoperative 
hemorrhage, and performing prolonged urinary catheterization 
due to urinary tract injury can be expected in patients with ADS 
having difficulty in uterine manipulation and additional gyneco-
logic pathologies such as leiomyoma and endometriosis; how-
ever, the present study found no difference in these parameters 
between patients with or without adenomyotic lesions (p=0.67, 
p=1.0, and p=0.75, respectively).
Further, VanEvert et al. (30) reported that LH is associated with 
a reduction in postoperative wound infections. Brummer et al. 
(31) reported that a febrile event is less common with a more 
experienced LH surgeon. The experience of the surgeon who 
has performed fewer than 30 LHs was an independent risk fac-
tor for febrile events. All of the operations were performed under 
the management of the same experienced surgeon in the pres-
ent study, so that none of the patients had postoperative fever 
and there was no difference between both the groups in terms 
of postoperative maximum body temperature (p=0.77). In ad-
dition, the length of hospital stay did not differ significantly be-
tween patients with or without adenomyotic lesions (p=0.36).
According to the results of the present study, LH appears to be 
a safe alternative in patients with ADS. Large-scale, prospective, 
and randomized trials are required in order to suggest the rou-
tine use of LH in patients preoperatively diagnosed with ADS.
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Introduction

The clinical excellence of an assisted reproductive technology 
(ART) program is demonstrated by the live birth of a healthy 
baby. The many painful injections administered throughout 
this difficult procedure seem unimportant after a healthy new-
born appears. Most women suffering from infertility tolerate 
this painful time. However, some women drop out of treat-
ment because of the injections (1). Mild ovarian stimulation 
protocols with clomiphene citrate/letrozole are significant 
considering that fewer injections are given and that the in vi-
tro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) 
treatment has a lower cost (2-3). Corifollitropin alfa is a good 
choice for ART cycles because fewer injections are needed 

than with other agents. Although the total cost of a corifol-
litropin alfa cycle is higher than that for the conventional con-
trolled ovarian hyperstimulation (COH) protocol, women tend 
to select corifollitropin alfa because of the lower number of 
injections.
Over the last decade, the gonadotropin hormone-releasing 
hormone (GnRH) antagonist cycle treatment protocol has 
been favored in ART programs. Although a meta-analysis of 
cycle outcomes comparing GnRH agonist and antagonist pro-
tocols reported similar results, women undergoing the GnRH-
antagonist program are administered fewer injections and 
the protocol is easier to perform than agonist protocols (4-5). 
However, some clinicians continue to prefer the long GnRH 
agonist cycle. Depot GnRH agonists have been used in ART 

Objective: Corifollitropin alfa is a good choice for assisted reproductive technology (ART) cycles because fewer injections are needed than 
with other agents. In this retrospective cohort, we analyzed luteal injected half-dose depot gonadotropin hormone-releasing hormone (GnRH) 
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programs before their integration into daily use and have result-
ed in reasonable outcomes (6-9). Furthermore, the drug indus-
try may force the use of these innovative options, making them 
more popular. The depot form of recombinant follicle-stimulat-
ing hormone (FSH; corifollitropin alfa) is another innovative op-
tion that allows for fewer injections during ART cycles.
In the present study, we compared the outcomes of a protocol 
combining the oldest version of the long protocol, which in-
cludes the depot form of GnRH agonist, with corifollitropin alfa 
to the outcomes of the GnRH-antagonist protocol, which is a 
rising star of the last decade.

Material and Methods

In this retrospective cohort, we analyzed luteal injected half-
dose depot GnRH agonist cycles in women who received 
corifollitropin alfa and those who underwent a conventional 
corifollitropin alfa cycle with a GnRH antagonist at the Division 
of Reproductive Endocrinology and IVF Unit, Obstetrics and 
Gynecology Department, Başkent University, Adana, Turkey, 
from March 2014 to August 2015. This study was approved by 
the Ethics committee of Başkent University. Ninety-four normal 
responding women were analyzed in this cohort. Women sus-
pected and/or defined as potential hyper-responders with poly-
cystic ovary syndrome (PCOS) and/or polycystic ovaries (PCO) 
were excluded and were not administered corifollitropin alfa 
because of the increased risk of ovarian hyperstimulation syn-
drome (OHSS).
Forty-five patients underwent the long protocol, in which a half-
dose of depot GnRH agonist (1.9 mg leuprolide acetate; Lucrin; 
Abbott France, Rungis Complexe, France) was administered 
on day 21 of the preceding cycle. If no cysts ≥2 cm were de-
tectable and estradiol (E2) was <50 pg/mL, weekly gonadotro-
pin stimulation with 150 µg corifollitropin alfa (150 µg Elonva, 
MSD; Haarlem, The Netherlands) was administered on the 
menstrual cycle day 3 after ovarian suppression was achieved. 
The estradiol and follicular monitoring continued until human 
chorionic gonadotropin (hCG) administration criteria were met 
and at least three follicles had maximum diameters >17 mm. 
Forty-nine patients underwent the GnRH-antagonist protocol. 
Corifollitropin alfa (Elonva 150 µg; MSD, The Netherlands) was 
administered on the menstrual cycle day 3. A GnRH antagonist 
(Orgalutran, MSD; The Netherlands) was added to this regimen 
on the last day of weekly gonadotropin administration, which 
was day 6 of stimulation. The hCG administration was applied 
with the guidance of ultrasound and estradiol monitoring until 
at least two or three follicles had maximum diameters >17 mm. 
The oocyte retrieval was performed 35–36 h after the hCG injec-
tion performed with a 17-gage needle under sedation. Embryos 
were transferred on day 3. All the patients had luteal support 
with 90 mg daily progesterone administered intravaginally (Cri-
none 8% gel, Merck Serono; Darmstadt, Germany) and 0.1 mg/
mL triptorelin on day 3 after embryo transfer. Clinical pregnancy 
was defined as the presence of at least one gestational sac, with 
detectable fetal cardiac activity by transvaginal ultrasonography.
The data expresses the means±SD. The baseline differences 
between the two groups were analyzed by Student’s t test. Pear-

son’s Chi-square test and Fisher’s exact test were used to com-
pare the ratios between groups. A value of p less than 0.05 was 
considered statistically significant. The data was analyzed using 
the Statistical Package for the Social Sciences (SPSS) for Win-
dows (version 17.0; SPSS, Inc.; Chicago, IL, USA).

Results

We performed 94 cycles with corifollitropin alfa in normal re-
sponding women during the 17 months of the study. The pa-
tients’ baseline characteristics were similar between the two 
groups (Table 1). The mean ages of the two groups were similar 
(32.77±5.55 vs. 34.2±4.51 years [“for the long- and antagonist-
protocol groups, respectively”]). Antimüllerian hormone (AMH) 
levels and mean antral follicle counts (AFC) of one ovary were 
also similar between the two groups (2.41±0.9 vs. 2.45±0.45 
ng/mL and 5.14±2.15 vs. 4.91±2.41, respectively) (Table 1). 
Although the mean E2 level on the day of hCG administration 
tended to be higher in women undergoing the depot-agonist 
protocol, the difference was not significant (2073.62±194.18 vs. 
1626.5±188.94 pg/mL). The total number of retrieved oocytes, 
the fertilization rate, and the number of transferred embryos 
were similar between the two groups (Table 1). The only sig-
nificant difference between the two protocols was the number 
of injections during the COH cycle, which included the depot-
agonist injection in the long-protocol group (4.46±1.64 vs. 
5.71±2.51, p=0.006) (Table 1).
The clinical pregnancy and implantation rates were similar in 
the two protocols (16/45 [35.6%] vs. 16/49 [32.7%] for the inten-
tion to treat and 32.5±6.82% vs. 36.25±8.58%, respectively) (Ta-
ble 2). Five and nine cycles were cancelled in the depot-agonist 
and GnRH-antagonist groups, respectively (Table 2). No moder-
ate or severe ovarian OHSS occurred in either group.

Discussion

Our results show that IVF/ICSI cycles could be performed with 
fewer injections using corifollitropin alfa and a half-dose of de-
pot GnRH agonist. The corifollitropin alfa and GnRH-antagonist 
cycle was introduced so that fewer injections would be needed. 
Our results show that the half-dose depot GnRH agonist plus 
corifollitropin alfa protocol resulted in fewer injections than 
were required in the GnRH-antagonist program in which cori-
follitropin alfa was used.
The combination of the depot form of GnRH agonist and cori-
follitropin alfa is a satisfactory option for patients who plan to 
drop out of IVF treatment because of the fear of multiple in-
jections. Use of a COH strategy with fewer injections is asso-
ciated with >50% reduction in dropout rate (1). Although our 
long protocol with a depot GnRH agonist is not considered to 
be a mild stimulation, it was superior to mild stimulation, as ap-
proximately only four injections were administered, the patients 
were satisfied, and a greater number of cryopreserved embryos 
were obtained. Another disadvantage of the protocol is the in-
creased risk for OHSS, which we did not encounter because of 
our proper selection of normal responding patients.
Depot GnRH agonists have been used since the last decade 
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of the 20th century. At that time, the depot agonist was recog-
nized as advantageous because of the attendant pituitary sup-
pression and the patient-friendly requirement of only a single 
injection. Hesitation to use a depot agonist was related to the 
concern that it might lead to pituitary oversuppression, which 
could cause a luteal phase defect because of the absence of 
pituitary luteinizing hormone (10, 11). However, the use of half-
dose depot GnRH for the COH cycle has resulted in reasonable 

IVF outcomes in infertile women (8-9). Therefore, we used half 
doses of the depot form of GnRH agonist to suppress the ovary. 
Furthermore, the ultra-long protocol, which includes 3 months 
of depot GnRH agonist injections to suppress the pituitary and 
endometriosis, seems to be the best choice in women with en-
dometriosis undergoing IVF/ICSI cycles (12-14). One random-
ized study that compared depot forms of a GnRH agonist and 
antagonist reported similar IVF/ICSI outcomes (15). No depot 

Table 1. Demographic and cycle characteristics of half-dose depot GnRH-agonist and GnRH-antagonist protocols in 
which corifollitropin alfa was used

 Depot GnRH agonist+ GnRH antagonist+ 
 corifollitropin alfa group (n=45) corifollitropin alfa group (n=49) p

Age (years) 32.77±5.55 34.2±4.51 0.17

BMI (kg/m2) 24.95±0.9 25.12±0.8 0.88

Duration of infertility (years) 5.23±3.01 4.72±3.46 0.45

AMH (m IU/L) 2.41±0.9 2.45±0.45 0.96

Antral follicle count  5.14±2.15 4.91±2.41 0.66

Follicle count >14 mm 11.18±5.3 10.79±6.51 0.75

E2 level (pg/mL) on hCG administration day 2073.62±194.18 1626.5±188.94 0.1

Progesterone level (ng/mL) on hCG administration day 1.07±0.22 0.88±0.07 0.42

Endometrial thickness (mm) 12.57±1.77 10.92±1.9 0.33

COH duration  9±2.29 8.36±2.58 0.21

Number of injections in the COH cycle 4.46±1.64 5.71±2.51 0.006

Retrieved oocytes (no.) 12.22±7.08 12.95±7.95 0.64

Metaphase II oocytes (no.) 9.81±6.29 10.8±6.82 0.47

Fertilization rate (%) 61.58±3.14 71.56±11.96 0.42

Embryo (no.) 6.65±4.95 6.29±3.63 0.7

Transferred embryos (no.) 1.48±0.55 1.63±048 0.22

Grade 1 embryos transferred (no.)  0.65±0.69 0.89±0.68 0.11

Grade 2 embryos transferred (no.) 0.8±0.85 0.69±0.86 0.57

Cryopreserved embryos (no.) 5.27±2.37 3.75±3.06 0.074

BMI: body mass index; AMH: antimüllerian hormone; COH: controlled ovarian hyperstimulation; E2: estradiol; hCG: human chorionic gonadotropin; GnRH: gonado-
tropin hormone-releasing hormone

Table 2. IVF/ICSI outcomes of half-dose depot GnRH-agonist and GnRH-antagonist protocols in which corifollitropin 
alfa was used

 Depot GnRH agonist+ GnRH antagonist+ 
 corifollitropin alfa group (n=45) corifollitropin alfa group (n=49) 

Positive β-hCG 18 (40%) 18 (36.7%) 0.93

CPR 16 (35.6%) 16 (32.7) 0.95

BPR 2 (4.44%) 2 (4.08%) NS

Implantation rate (%) 32.5±6.82 36.25±8.58 0.73

Singleton pregnancy rate 13/16 (81.25) 12/16 (75%) NS

Twin pregnancy rate 3/16 (18.75%) 4/16 (25%) NS

OHSS rate 0 0 NS

Cancel rate 5 (11.1%) 9 (18.4%) 0.46

CPR: clinical pregnancy rate; BPR: biochemical pregnancy rate; GnRH: gonadotropin hormone-releasing hormone; IVF/ICSI: in vitro fertilization/intracytoplasmic 
sperm injection; hCG: human chorionic gonadotropin; OHSS: ovarian hyperstimulation syndrome
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GnRH antagonists are marketed in Turkey, but they could be in-
cluded in another simple protocol with corifollitropin alfa.
The fundamental limitation of this study was the retrospective 
design. We did not perform a randomized trial because we did 
not want drug industry support for two reasons. First, our insti-
tute must pay all costs, including the costs of the COH cycles 
and patient insurance, when a randomized trial is conducted, 
making it too expensive to design a sufficiently powered ran-
domized study with high patient enrollment without industry 
support. Moreover, trials supported by a pharmaceutical com-
pany would be criticized as being biased in favor of a specific 
drug.
This is the first study to demonstrate similar IVF/ICSI results from 
a minimum-injection COH protocol compared with those from 
a more conventional method. This minimum-injection pro-
tocol is a welcome development that was appreciated by our 
patients. Our study focused on the long protocol, which most 
clinicians do not prefer. Additional well-designed randomized 
trials that compare depot GnRH agonists and antagonists with 
corifollitropin alfa are expected to demonstrate good IVF/ICSI 
outcomes.

Ethics Committee Approval: Ethics committee approval was received 
for this study from the ethics committee of Başkent University School 
of Medicine.

Informed Consent: Written informed consent was obtained from pa-
tients who participated in this study.   

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - B.H.; Design - B.H.; Supervision - B.H., 
E.B.K., Resources - B.H.; Materials - B.H.; Data Collection and/or Pro-
cessing - B.H.; Analysis and/or Interpretation - B.H.; Literature Search 
- B.H., E.B.K.; Writing Manuscript - B.H.; Critical Review - B.H., E.B.K.; 
Other - B.H.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received 
no financial support.

References

1. Verberg MF, Eijkemans MJ, Heijnen EM, Broekmans FJ, de Klerk C, 
Fauser BC, et al. Why do couples drop-out from IVF treatment? A 
prospective cohort study. Hum Reprod 2008; 23: 2050-5. [Crossref]

2. Verberg MF, Macklon NS, Nargund G, Frydman R, Devroey P, Broek-
mans FJ, et al. Mild ovarian stimulation for IVF. Hum Reprod Update 
2009; 15: 13-29. [Crossref]

3. Mohsen IA, El Din RE. Minimal stimulation protocol using letrozole 
versus microdose flare up GnRH agonist protocol in women with 
poor ovarian response undergoing ICSI. Gynecol Endocrinol 2013; 
29: 105-8. [Crossref]

4. Al-Inany HG, Abou-Setta AM, Aboulghar M. Gonadotrophin-releas-
ing hormone antagonists for assisted conception. Cochrane Data-
base Syst Rev 2006; CD001750. [Crossref]

5. Franco JG Jr, Baruffi RL, Mauri AL, Petersen CG, Felipe V, Cornicelli J, et 
al. GnRH agonist versus GnRH antagonist in poor ovarian responders: 
a meta-analysis. Reprod Biomed Online 2006; 13: 618-27. [Crossref]

6. Balasch J, Gomez F, Casamitjana R, Carmona F, Rivera F and Van-
rell JA. Pituitary-ovarian suppression by the standard and half-dos-
es of D-Trp-6-luteinizing hormone-releasing hormone depot. Hum 
Reprod 1992; 7: 1230-4.

7. Olivennes F, Righini C, Fanchin R, Torrisi C, Hazout A, Glissant M, 
et al. A protocol using a low dose of gonadotrophin-releasing hor-
mone agonist might be the best protocol for patients with high 
follicle-stimulating hormone concentrations on day 3. Hum Reprod 
1996; 11: 1169-72. [Crossref]

8. Janssens RM, Lambalk CB, Vermeiden JP, Schats R, Bernards JM, 
Rekers-Mombarg LT, et al. Dose-finding study of triptorelin ace-
tate for prevention of a premature LH surge in IVF: a prospective, 
randomized, double-blind, placebo-controlled study. Hum Reprod 
2000; 15: 2333-40. [Crossref]

9. Dal Prato L, Borini A, Trevisi MR, Bonu MA, Sereni E, Flamigni C. Ef-
fect of reduced dose of triptorelin at the start of ovarian stimulation 
on the outcome of IVF: a randomized study. Hum Reprod 2001; 16: 
1409-14. [Crossref]

10. Devreker F, Govaerts I, Bertrand E, Van den Bergh M, Gervy C, Englert 
Y. The long-acting gonadotropin-releasing hormone analogues im-
paired the implantation rate. Fertil Steril 1996; 65: 122-6. [Crossref]

11. Albuquerque LE, Saconato H, Maciel MC, Baracat EC, Freitas V. De-
pot versus daily administration of GnRH agonist protocols for pitu-
itary desensitization in assisted reproduction cycles: a Cochrane 
Review. Hum Reprod 2003; 18: 2008-17. [Crossref]

12. Barnhart K, Dunsmoor-Su R, Coutifaris C. Effect of endometriosis 
on in vitro fertilization. Fertil Steril 2002; 77: 1148-55. [Crossref]

13. Surrey ES, Silverberg KM, Surrey MW, Schoolcraft WB. Effect of 
prolonged gonadotropin-releasing hormone agonist therapy on the 
outcome of in vitro fertilization-embryo transfer in patients with en-
dometriosis. Fertil Steril 2002; 78: 699-704. [Crossref]

14. Sallam HN, Garcia-Velasco JA, Dias S, Arici A. Long-term pituitary 
down-regulation before in vitro fertilization (IVF) for women with en-
dometriosis. Cochrane Database Syst Rev 2006; CD004635. [Crossref]

15. Vlaisavljevic V, Reljic M, Lovrec VG, Kovacic B. Comparable effec-
tiveness using flexible single-dose GnRH antagonist (cetrorelix) 
and single-dose long GnRH agonist (goserelin) protocol for IVF 
cycles--a prospective, randomized study. Reprod Biomed Online 
2003; 7: 301-8. [Crossref]

J Turk Ger Gynecol Assoc 2016; 17: 155-8
Haydardedeoğlu and Kılıçdağ
Minimal injection IVF/ICSI158

http://dx.doi.org/10.1093/humrep/den219
http://dx.doi.org/10.1093/humupd/dmn056
http://dx.doi.org/10.3109/09513590.2012.730569
http://dx.doi.org/10.1002/14651858.cd001750.pub2
http://dx.doi.org/10.1016/S1472-6483(10)60651-7
http://dx.doi.org/10.1093/oxfordjournals.humrep.a019348
http://dx.doi.org/10.1093/humrep/15.11.2333
http://dx.doi.org/10.1093/humrep/16.7.1409
http://dx.doi.org/10.1016/S0015-0282(16)58038-8
http://dx.doi.org/10.1093/humrep/deg333
http://dx.doi.org/10.1016/S0015-0282(02)03112-6
http://dx.doi.org/10.1016/S0015-0282(02)03373-3
http://dx.doi.org/10.1002/14651858.cd004635.pub2
http://dx.doi.org/10.1016/S1472-6483(10)61868-8


Address for Correspondence: Murat Öz
e.mail: ozmurat@gmail.com
©Copyright 2016 by the Turkish-German Gynecological Education and Research Foundation - Available online at www.jtgga.org
DOI: 10.5152/jtgga.2016.16066

Original Investigation 159

Introduction

Cervical cancer is the most preventable gynecological can-
cer; the treatment of high-grade cervical lesions leads to a de-
creased incidence of cervical cancer (1). The diagnosis and 
surgical treatment of high-grade cervical preinvasive lesions 
depends on the colposcopic findings (2). The main purpose of 
the treatment is to remove the cervical lesion with adequate 
surgical margins as well as the whole transformation zone 
(TZ) (3). Studies have shown that the most important predic-
tor for residual disease or disease recurrence is positive cone 
margins (4, 5). Positive surgical margins after loop electrosur-
gical excision procedures (LEEPs) are seen more frequently 
and have been extensively studied compared with cold knife 
conization (CKC) (6). Margin-positive patients are more likely 
to have recurrent disease, and the recurrence is earlier than 
seen in margin-negative patients (7). When there is no vis-
ible lesion in the ectocervix or when the lesion is located in 
the endocervical canal, it can be challenging to achieve clear 
margins without compromising future obstetric outcomes. 
Also, a deeper cone height and repeat excisions after posi-

tive surgical margins are associated with adverse obstetric 
outcomes (8). There is no clear definition of the optimal cone 
size in the treatment of high-grade cervical intraepithelial le-
sions. The depth of the cone specimen is usually determined 
in the operating room according to the age, parity, fertility de-
sire, and initial colposcopic findings of the patient. The objec-
tive of the present study was to determine the optimal cone 
size needed to achieve a reliable sensitivity and specificity for 
clear surgical margins.

Material and Methods

After approval of the Institutional Review Board, the medical 
records of patients who had undergone a CKC procedure in 
Zekai Tahir Burak Women’s Health Training and Research 
Hospital between June 2008 and January 2015 were reviewed. 
We included only the patients with preceding colposcopic bi-
opsy results showing high-grade cervical lesions [i.e., cervical 
intraepithelial neoplasia (CIN) 2/3 or high-grade squamous le-
sion (HSIL)]. The patients whose conization results showed 
lesser abnormalities [i.e., CIN-1, low-grade squamous in-
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traepithelial lesion (LSIL), or normal epithelium] and invasive 
carcinomas were excluded, so we collected only the follow-up 
data of the patients with conization results of CIN 2/3 and car-
cinoma in situ (CIS). Written informed consents were obtained 
from all subjects either before the colposcopic procedures or 
CKC procedures.
All of the excisional procedures were performed in the operat-
ing room using a scalpel under general or regional anesthesia. 
As the standard procedure, the hemostatic sutures were ap-
plied lateral margins of the cervix using no. 0 polyglactin (Vicryl; 
Ethicon, Cincinnati USA); endocervical curettage was applied 
and the base of the CKCs were cauterized using a high-voltage 
spray mode. In the presence of a visible lesion in the cervix, 
the conization margins were adjusted accordingly, otherwise a 
standard cone-shaped specimen was removed with the intent 
of including the entire TZ. A silk suture was placed at the 12 
o’clock position of the cone specimen for orientation and the 
specimens were transported to the pathology depart ment in a 
formalin solution container. Specimens were divided into four 
quadrants and each quadrant was examined in at least three 
consecutive slices. The surgical margins were considered as 
positive if the lesion was cut-through or closer than 1 mm to 
the margin.
The cone volume was calculated using the radius (r) and height 
(H) reported in the pathology result after formalin fixation, by 
the formula (p.r2.H/3). If the base of the cone was elliptical 
rather than circular, then the mean of the two perpendicular 
diameters was used to calculate the radius of the cone base. 
The patient characteristics, dimensions of the conization speci-
mens, and surgical margin status (endocervical and ectocervi-
cal) were analyzed in a descriptive manner. The associations 
between the cone margin status and mean cone diameter, cone 
height, and cone volume were investigated.
The Statistical Package for the Social Sciences (SPSS) version 
21 for Macintosh (SPSS Inc.; Chicago, IL, USA) was used for 
data interpretation. Differences in the means of the continu-
ous variables were assessed using the Mann–Whitney U test 
or independent samples t-test; the difference in the categorical 
variables was assessed using the Chi-square test. A multivariate 
logistic regression model was used to calculate the odds ratios 
when the univariate analyses showed a significant difference 
of the variables. P<0.05 was considered statistically significant.

Results

Overall, 315 women fulfilled the inclusion criteria (CKC result 
CIN2/3 or microinvasive carcinoma) among 486 CKCs. All the 
patients had a prior high-grade cervical cytology result. The 
mean age of the patients was 40.7 years. Patients’ ages ranged 
from 23 to 73 years. In total, 240 women were premenopausal, 
while the remaining 75 women were postmenopausal. Eight 
conizations showed microinvasive carcinoma, while the re-
maining 307 patients had HSIL in the conization specimens. In 
total, 216 women (68.6%) had clear margins, while the remain-
ing 99 women (31.4%) had positive margins. Positive margins 
were ectocervical, endocervical, or both for 22 (7%), 75 (23.8%), 
and 2 (0.6%) patients, respectively. The study design is summa-
rized in Figure 1.

In the univariate analyses, the patient age, menopausal status, 
and mean cone height parameters showed statistically signifi-
cant differences between the patients with positive and nega-
tive margins: patients with positive margins had smaller cone 
heights than those with negative margins (13.7 mm vs. 15.1 
mm, respectively; p<0.05). Also, patients with positive margins 
tended to be older and postmenopausal. Twenty-seven percent 
of the premenopausal patients had positive margins, whereas 
46.7% of the postmenopausal patients had positive surgical 
margins in the CKC specimens (p<0.01). Age and menopausal 
status were included in the multivariate analysis; the age of the 
patients was not an independent risk factor associated with 
margin status, whereas menopausal status was still found to be 
an independent risk factor associated with positive margin sta-
tus. The detailed demographic and clinical characteristics of the 
patients are shown in Table 1. However, the cone volume, cone 
diameter, and cone height were not associated with the margin 
status of the conization specimens. The only pathological factor 
that was associated with the margin status was the number of 
quadrants involved in the conization specimen. If three or more 
quadrants were involved with HSIL, the risk of positive surgical 
margins was 2.71 times higher than for the patients with two or 
more involved quadrants. A receiver operating curve (ROC) was 
created for the association between cone height and margin 
status, and it was found that a 21-mm cone height provided 93% 
sensitivity and 71% specificity to achieve clear surgical margins 
(Table 2). However, the area under the ROC was calculated as 
0.567, which means it was not statistically significant (Figure 2).
Eighty-one (82%) of the patients with positive cone margins 
underwent repeat excisions; 49 of them underwent hysterec-
tomy, while the remaining 32 of them underwent reconiza-
tion. A total of 35 patients had residual disease in their re-
excision specimens. The clinicopathological characteristics 
of the patients according to the residual disease status are 
shown in Table 3.
In the univariate analyses, residual disease was associated 
with the menopausal status and age of the patients; 17 of 49 

Figure 1. Flowchart of the study
CKC: cold knife conization; LSIL: low-grade squamous intraepithelial lesion; HSIL: high-

grade squamous intraepithelial lesion; microinvasive ca: microinvasive carcinoma
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(35%) premenopausal women had residual disease, while 18 
of 32 (56%) postmenopausal women had residual disease in 
their re-excision specimens (p<0.05). The mean age of the pa-
tients with and without residual disease was 47.4±9 and 42.6±9 
years, respectively (p<0.05).
The number of positive quadrants was not associated with resid-
ual disease status. Also, the diameter, depth, and volume of the 
conization specimen were not a predictor for residual disease.

Discussion

Approximately one-third of the CKC specimens had positive sur-
gical margins in the present study. The prevalence of positive 
margins reported in the previous studies was similar to our study, 
Costa et al. (9) and Sun et al. (10) reported the prevalence of posi-

tive cone margins in the CKC specimens in their study as 27%. In 
the former study, the authors reported that the cone size was not 
an independent risk factor for positive cone margins. In the latter 
study, Sun et al. (10) found that the conization depth and mul-
tiquadrant involvement were significant factors associated with 
positive margins in both univariate and multivariate analyses. 
Kliemann et al. (2) reported similar results in their study. They 
found the cone height and lesion size as independent prognos-
tic factors for positive margins. Positive margins were associated 

Table 2. Pathological characteristics of margin-positive and 
margin-negative patients

 Margin  Margin 
 Negative  Positive 
 (N=216)  (N=99) p OR

Mean Cone Diameter (mm) 28.3 29 >0.05a 

Mean Cone Volume (mm3) 3559 3556 >0.05a 

Mean Cone Height (mm) 15.1 13.7

<21 mm (N=288) 196 (68%) 92 (32%) <0.05a

≥21 mm (N=27) 20 (74%) 7 (26%) 

Positive quadrants N (%) N (%)

1 quadrant 99 (45.8%) 1 (3%)

2 quadrants 62 (28.7%) 28 (28.3%)

3 quadrants 31 (14.4%) 36 (36.4%)

4 quadrants 24 (11.1%) 32 (32.3%) p<0.001b

≥3 quadrants 55 (25.5%) 68 (68.7%) p<0.001c 2.71
aIndependent samples t-test was used.
bFisher’s exact test was used.
cChi-square test was used.
OR: odds ratio

Table 3. Clinicopathological characteristics of the patients 
according to residual disease status

                         Residual disease 

 Negative  Positive 
 (N=46)  (N=35) p

Age (mean±SD) 42.5±9 47.3 <0.05a

Menopausal status

Postmenopausal (N=32) 14 (43.7%) 18 (56.3%)

Premenopausal (N= 49) 32 (65.3%) 17 (34.7%) <0.05b

Positive quadrants

<3 (N=26) 16 (61.5%) 10 (38.5%) <0.05b

≥3 (N=55) 30 (54.5%) 25 (45.5%)

Conization

Diameter (mean) 30.4 mm 28.3 mm

Depth (mean) 13.9 mm 14.5 mm >0.05c

Volume (mean) 3757 mm3 3943 mm3 
aIndependent samples t-test was used.
bFisher’s exact test was used.
cChi-square test was used.

Table 1. Detailed demographic and clinical features of the 
patients with negative and positive conization margins

 Margin  Margin  
 Negative Positive 
 (N=216)  (N=99) p OR

Age (Mean±SD) 39.3±9.3 43.5±9.3 <0.01a 

Menopausal Status

Premenopausal N=240 (%) 176 (73%) 64 (27%) 

Postmenopausal N=75 (%) 40 (53.3%) 35 (46.7%) 
<0.01b 1.8

Preceding Cytology

ASC-US 33 (15.3%) 5 (5%) 

LSIL 18 (8.3%) 9 (9%)

HSIL 146 (67.6%) 74 (74.7%) >0.05b

ASC-H 12 (5.5%) 5 (5%)

AGC 2 (1%) 0 

ASC-US: atypical squamous cells of undetermined significance; LSIL: 
low-grade squamous intraepithelial lesion; HSIL: high-grade squamous 
intraepithelial lesion; ASC-H: atypical squamous cells cannot exclude HSIL; 
AGC: atypical glandular cells; OR: odds ratio
aStudent’s t-test was used.
bFisher’s exact test was used.
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Figure 2. ROC curve
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with a shallow cone height and the menopausal status of the pa-
tient. In the majority of cases, the operator cannot see a visible 
lesion in the cervix and performs the conization with the intent to 
remove the entire TZ and the lesion.
We found that a 21 mm cone height provided 93% sensitivity and 
71% specificity to achieve clear surgical margins. The cervix has 
varying size and shape among women, and there are no objective 
criteria that help the surgeon to achieve clear surgical margins.
In a recent study that aimed to identify the predictors of residual 
disease after cervical conization, the authors concluded that posi-
tive ECC and a volume of disease 50% or greater were predictors of 
residual disease, whereas more than two involved quadrants was 
not associated with positive margin status (11). However, Tasci et 
al. (12) reported that more than two involved quadrants was one 
of the most important factors for residual disease after cervical 
conization. Nevertheless, we did not demonstrate a relationship 
between the number of quadrants involved and residual disease. 
In the present study, the patient’s age and menopausal status were 
significantly related with residual disease.
There are several studies that investigate the optimal cone depth 
to achieve clear surgical margins. Papoutsis et al. (13) reported 
that the optimal cut-off value of cone depth to achieve clear surgi-
cal margins is 10 mm; however, Kliemann et al. (2) showed that 
the mean depth of cone specimens were 17.1 mm and 22.4 mm 
among the patients with positive and negative surgical margins, re-
spectively. We found that cone depth was significantly different be-
tween margin-positive and margin-negative patients, but multivari-
ate analysis showed that cone depth alone was not an independent 
predictor of margin status. Also, we did not find cone diameter and 
cone volume as a predictor of a positive surgical margin. The lib-
eral excision of deep cone specimens should be avoided because 
greater cone heights are associated with a greater risk of stenosis 
(14), bleeding (15), and poor obstetric outcome (16). Therefore, 
cone depth should be individualized for each patient considering 
the age of the patient, size of the cervix, and TZ.
The main limitation of the present study is its retrospective design. 
In addition, the CKC procedures were performed by several differ-
ent surgeons, including less experienced ones, which may lead to 
an increased positive margin status.
In conclusion, there is no optimal cone depth that is applicable for 
all patients. A significant proportion of patients with HSIL will have a 
positive surgical margin after CKC, and the most important predic-
tors for positive margins are the menopausal status of the patient 
and more than two quadrants involved. However, the menopausal 
status and age of the patients are still predictors for residual disease.
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Introduction

Endometrial cancer (EC) is the most common gynecological 
malignancy in developed countries, with the most frequent 
histological type being endometrial endometrioid adenocar-
cinoma (EEA), which accounts for 70%–80% of all cases (1). 
EEAs are different from non-EEAs in molecular and clinical 
pathology and are associated with less aggressive behavior 
and better prognosis as well as earlier diagnosis (2). Thus, 
a surgical approach is sufficient in early-stage EEA; howev-
er, adjuvant treatment is recommended for women with a 
moderate to high risk of recurrence (3, 4). Patients with ad-
vanced or recurrent disease have a poor median survival; 
therefore, cytotoxic or radiation therapy should accompany 
surgery in those with invasion of more than 50% of myome-
trium or with advanced disease, including early stage at grade 
2 or 3. It appears clinically important to identify the markers 

that determine the need for adjuvant therapy to surgery and 
that predict a poor prognosis in patients with EEA. Moreover, 
novel therapeutic approaches, such as molecular targeted 
therapy, which have a lower side-effect profile and system-
ic toxicity, are necessitated, particularly in patients with ad-
vanced or recurrent disease (5, 6). The mammalian target of 
the rapamycin (mTOR) signaling pathway is directly involved 
in many cell signaling pathways and mainly regulates three 
important downstream substrates: eukaryotic initiation factor 
4E (eIF4E), eukaryotic translation initiation factor 4E-binding 
protein 1 (4EBP1), and P70 ribosomal protein S6 kinase alpha 
(S6K1) (5-7). Activation of the mTOR signaling pathway and 
aberrations of the mTOR, including PI3K amplification/muta-
tion and S6K1 overexpression, have been reported in a set of 
malignancies and in some types of gynecologic cancers (8, 9).
In the present study, our aim was to investigate the expression 
patterns of S6K1, a crucial effector of mTOR signaling, in tis-
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sues of non-pathologic endometrium, early-stage (IA, Grade 1) 
and advanced-stage (IA, grade 2–3, and IB, II, III, IV) EEA, using 
indirect immunohistochemistry.

Material and Methods

Clinical samples
This is a cross-sectional study conducted between January 2003 
and December 2011. Ethical approval from the Institutional 
Review Board was granted before the initiation. Patients who 
underwent surgery for EEA and in whom diagnosis was made 
upon pathological examination, were extracted retrospectively 
from the clinic’s patient database. The control group consisted 
of patients undergoing surgery for non-endometrial benign gy-
necological diseases. Patients who had received treatment that 
could potentially affect S6K1 immunostaining, such as chemo-
therapy, radiotherapy, and hormone replacement therapy (HRT) 
or oral contraceptive pills, and those with concurrent malignan-
cies, cardiac hypertrophy, and type 2 diabetes and obesity, were 
excluded from the study. All the specimens were re-evaluated 
by a single pathologist, and all the pathological diagnoses were 
confirmed by another pathologist before the study. During these 
examinations, cases without sufficient tissue samples were ex-
cluded. Patients diagnosed as EEA by pathological examination 
were divided into two subgroups: Group 1; grade 1, stage 1A 
EEA patients, and, Group 2; grade 2 or 3, stage ≥1A EEA pa-
tients. Stages for endometrial cancer were determined accord-
ing to the clinical criteria established by the International Fed-
eration of Gynecology and Obstetrics (FIGO) 2014 (10). Clinical 
and pathology data from the included patients were recorded.

Details of the antibody used and analysis of the 
immunohistochemistry
4 micron thick cross-sections were taken from suitable paraffin 
blocks. These cross-sections, in conjunction with positive con-
trols, were incubated for 17 hours at 550C, and, after standard 
deparaffinization and rehydration processes, were applied. Af-
terwards, the immunohistochemical staining process was man-
ually performed in accordance with the suggested procedure 
with a 1/100 dilution of polyclonal Rabbit P70S6K1 (Anti-S6K1 
antibody (ab47504), Abcam; Cambridge, MA, USA) primer anti-
body. HeLa cells were used as positive control materials.

Evaluation of the staining
The immunohistochemical results were evaluated under a mi-
croscope independently by two pathologists who did not have 
any knowledge of the clinical outcome and who scored the re-
sults semi-quantitatively. Any discrepancies between the stain-
ing intensity score results between the two pathologists were 
noted and referred to as the interobserver difference. We used a 
scoring method referred to as the expression index (EI), which 
was based on two characteristics: overall stain intensity and the 
percentage of neoplastic tissue that was stained. The staining 
intensity was scored as 0 (no staining), 1+ (weakly positive), 
2+ (moderately positive), 3+ (strongly positive). The most 
frequently observed scores were recorded for areas painted 
in varying intensities. An EI was calculated by multiplying the 

staining intensity score and the percentage of positively stained 
cells (ranging from 0 to 300).
Then, the resulting staining intensity scores and the percentage 
of positive staining were averaged between the two patholo-
gists and were recorded. In the present study, the interobserver 
differences were less than 5%.

Statistical analysis
Statistical analysis was performed using the Statistical Package 
for the Social Sciences for Windows 15.0 software (SPSS Inc.; 
Chicago, IL, USA). Descriptive statistics were given as the mean, 
standard deviation, frequency, and percentage. Statistical analy-
sis was performed using the Student’s t-test for comparison 
of two continuous variables, one-way ANOVA for comparison 
of multiple variables, and the x2 test for categorical variables. 
When there was a need for a non-parametric test, the Mann–
Whitney U and Kruskal–Wallis tests were performed. Statisti-
cal significance was defined as p<0.05. A nominal two-sided p 
value was considered for all comparisons.

Results

Immunohistochemical staining for S6K1 expression was per-
formed on paraffin-embedded biopsy specimens from a total of 
63 patients, including 22, 21, and 20 cases in the control group 
and Groups 1 and 2, respectively. Of all the EEA cases, 56.1% 
were immunostaining positive, whereas none of the 22 normal 
gynecologic endometrial tissue samples revealed immunoreac-
tivity for S6K1. Figures 1 and 2 show the activation status of im-
munocytochemical staining for S6K1, whereas Figure 3 shows 
the EI status of S6K1 protein in all groups. Comparisons of the 
patient age and EI and S6K1 results between the groups are 
presented in Table 1. Accordingly, EI was higher in early-stage 
patients than in advanced-stage patients, but not very significant 
(p=0.107). The percentage of S6K1 immunopositive tissues was 
significantly higher in advanced-stage EEAs than in early-stage 
EEAs (75% vs. 38.1%, respectively; p=0.039), indicating that as 
the stage of the disease advanced, the chance of having a posi-
tive immunostaining increased. When S6K1 positivity was used 
as a criterion of advanced stage in EEA, the sensitivity, specific-
ity, positive predictive value, and negative predictive value were 
calculated to be 62%, 75%, 72%, and 65%, respectively (OR: 4.9 
and 95% CI: 1.3–18.7).
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Table 1. Comparisons between the groups in terms of age 
and EI and S6K1 immunostaining

Characteristics Group 1 (n=21) Group 2 (n=20) p

Age, years 62±10.8 66.3±9.3 0.189*

EI 17.6±49.2 14.1±24.8 0.107*

S6K1 immunostaining (-) 13 (31%) 5 (12%)

S6K1 immunostaining (+) 8 (20%) 15 (37%) 0.039**

Data are presented as the mean±standard deviation and number (percent). 
The p value was determined by using *Mann-Whitney U test and 
**Chi-square test.
EI: expression index



Discussion

In this immunohistochemistry study, we examined whether 
S6K1, a downstream target of mTOR, was activated in EEA and 
whether its expression correlated with disease stage. There was 
no S6K1 immunostaining positivity in any specimen of the 22 

normal tissue-containing group. However, S6K1 immunopositiv-
ity rates in Groups 1 and 2 were 38.1% and 75%, respectively 
(p=0.039), suggesting that the percentage of S6K1 immunoposi-
tive tissues was significantly higher in advanced-stage EEAs than 
in early-stage EEAs. Tumors positive for S6K1 expression were 
significantly more likely to be at an advanced stage than those 
negative for S6K1 staining, indicating that as the stage of the dis-
ease advanced, the chance of having a positive immunostain-
ing result increased. The sensitivity and specificity rates of S6K1 
immunostaining positivity in determining poor prognosis were 
62% and 75%, respectively.
Inter- and intra-cellular signaling is essential for the mainte-
nance of cellular life. Protein kinases regulate many cell signal-
ing pathways involved in protein phosphorylation/activation 
(11). Serine/threonine kinases constitute an important group 
in cytoplasmic protein kinases. Phosphatase and tensin homo-
logue deleted on chromosome ten (PTEN)/phosphatidylinositol 
3-kinase (PI3K)/AKT/mTOR is considered to be a crucial regula-
tory pathway of protein translation, and mTOR is a 289 kDa ser-
ine/threonine protein kinase located in the center of this path-
way (12). mTOR exists in two distinct complexes: mTORC1 and 
mTORC2. mTORC1 is sensitive to rapamycin and is regulated by 
multiple signals, such as growth factor, nutrients, energy status, 
oxygen, and cellular stress. mTORC1 phosphorylates and acti-
vates S6K1 and 4EBP1, which in turn, enhances protein synthe-
sis, proliferation, cell survival, ribosome biogenesis, angiogen-
esis, migration, invasion, and metastasis. (8, 12, 13).
The deregulation of multiple elements of the mTOR pathway, 
such as amplification or mutation of PI3K, loss of PTEN function, 
and overexpression of AKT, S6K1, 4EBP1, and eIF4E, has been 
reported in numerous types of human diseases, including cancer, 
cardiac hypertrophy, type 2 diabetes, and obesity. (8, 12, 14). Ab-
errations of the mTOR signaling pathway are common in several 
types of human cancers, such as breast, ovarian, prostate, blad-
der, thyroid, colon, and head and neck cancers (8, 15-18). Activa-
tion of the PI3K/AKT/mTOR pathway and increased mTOR signal-
ing have been reported to be associated with chemoresistance, 
aggressive disease, and poor prognosis in many cancer types, ir-
respective of the tumor type (19-23). In vivo studies support the 

Figure 2. Activation status of immunocytochemical staining for 
P70S6K1 in endometrial endometrioid adenocarcinoma. Moder-
ate staining with ×100 magnification.

Figure 3. Expression index status of S6K1 protein in Group 1 
and Group 2
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Figure 1. Activation status of immunocytochemical staining for 
P70S6K1 in endometrial endometrioid adenocarcinoma. Weak 
staining with ×200 magnification.



hypothesis that a loss of PTEN and subsequent AKT activation 
result in the activation of Estrogen Receptor-α (ERα)-dependent 
pathways that play a pivotal role in the neoplastic process (24). 
In a recent study, nuclear phosphorylated (p) Ser(167)–ERα was 
reported to significantly positively correlated with p-MAPK and p-
S6K1 and with a significantly shorter relapse-free survival in EEA 
(25). Another study reported that extracellular signal-regulated 
kinase (ERK1/2) and p-AKT can be useful in the differential di-
agnosis of benign vs. malignant endometrial lesions as well as 
early- vs. advanced-stage EEA (26). Similarly, our results suggest 
that S6K1 immunopositivity could be used as a predictive test in 
EEAs and is a promising prognostic indicator of advanced stage 
and higher grade disease. On the other hand, mTOR inhibition 
has been associated with the diminished development and pro-
gression of hyperplastic lesions (27) in endometrial cancer cell 
lines. To date, six phase II trials assessing the use of rapalogs 
in recurrent endometrial carcinoma have been published (28). 
Surprisingly, two studies conducted in patients with endometrial 
cancer revealed no statistically significant correlation between 
activity of the PI3K/AKT/mTOR pathway and clinicopathological 
characteristics, including stage, grade, and lymph node involve-
ment. (29, 30). In a very recent study, S6K1 expression has been 
reported to be a promising biomarker of sensitivity (31). Based on 
the results of our study, we demonstrated that only malignant tis-
sue cell lines are associated with S6K1 immunostaining, whereas 
benign pathologies are not. Moreover, S6K1 expression is associ-
ated with advanced stage and a poor prognosis of disease. Given 
the uncertainty with respect to the adjuvant therapy options and 
fertility-sparing surgery in women with stage IA, grade 2 disease, 
S6K1 may cease the scientific debate as an indicator of poor 
prognosis. S6K1 immunostaining tests in women with EEA might 
surrogate advanced stage and poor prognosis and hence may be 
used to determine the appropriate therapeutic approach in this 
patient population.
In our study, EI, which is a scoring method based on overall stain 
intensity and the percentage of neoplastic tissue that is stained, 
was higher in early-stage patients than in advanced-stage pa-
tients, but not significantly so (p=0.107). Even if pathological 
specimens were evaluated independently by two pathologists 
in a blinded fashion and their results were averaged to minimize 
interobserver variability, the semi-quantitative scoring method 
might have influenced the results. Studies investigating the re-
lationship between staining patterns and the stage or grade of 
the disease with larger patient numbers and using quantitative 
interpretation methods may indicate significant differences.
There is a very limited number of studies in the available lit-
erature investigating the mTOR pathway, S6K1 signaling, and 
endometrial carcinomas, which thus constitutes a substantial 
strength of this study. However, our study is limited by a number 
of matters. First, the number of the patients in our study was 
relatively low. The second is the lack of the treatment outcomes 
and survival period of the included patients. In this study, we 
excluded patients with certain clinical conditions, such as type 2 
diabetes and obesity, which are well-known risk factors for EEA. 
This situation might be perceived to have biased the results of 
the study. However, it has been known that the mTOR pathway 
is mediated by a wide variety of cellular signal communications, 

which include hormones, such as insulin and growth factors; 
nutrients, such as amino acids and glucose; and cellular stress 
conditions. mTOR integrates signals from a variety of “energy 
balancing” hormones, such as leptin, insulin, and ghrelin, al-
though its action varies in response to these distinct hormonal 
stimuli as well as across different neuronal populations, and it 
has roles in the regulation of body weight, energy expenditure, 
and glucose/lipid homeostasis (32). Moreover, the mTOR path-
way has been associated with obesity in numerous studies, in 
which the risk of obesity was correlated with the overactivation 
of the mTOR-Raptor-S6K1 signaling pathway and a decrease 
in AKT levels. On the other hand, insulin resistance is a major 
aspect of type 2 diabetes, which results from impaired insulin 
signaling in target cells, and it was reported that the mTORC2-
mediated phosphorylation of PKB-Ser473 was unperturbed in 
type 2 diabetes (33). From this aspect, we intended to avoid the 
confounding effects of clinical situations that may potentially 
interact with the mTOR pathway, such as obesity and type 2 dia-
betes, and to evaluate the association between endometrium 
carcinoma and S6K1 expression.
In conclusion, although S6K1 immunostaining was weak-mod-
erate in both early and advanced stages, advanced stage and 
higher grade disease is significantly more likely to reveal S6K1 
immunopositivity than early-stage, low-grade disease. S6K1 im-
munopositivity appears to be a promising method to predict 
poor prognosis in EEA. There is a need for more comprehensive 
studies on this subject.
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Introduction

Frozen-thawed (FT) embryo transfer is a procedure used for 
the storage and transfer of excess embryos obtained during in 
vitro fertilization (IVF)–intracytoplasmic sperm injection (ICSI) 
cycles. In recent years, improvements in laboratory conditions 
and limitations on the number of embryos to be transferred 
have led to a progressive increase in FT embryo transfer cycles. 
Another preferred practice to prevent multiple pregnancies in 
IVF cycles is to transfer a single embryo and freeze all surplus 
embryos (1). However, the best solution for endometrial prepa-
ration in these cycles is still a matter of debate (2).
Frozen-thawed embryo transfer prevents embryo waste and 
increases the probability of pregnancy in a single stimulated 
cycle. Protocols applied in FT cycles aim for endometrial 
preparation only and are therefore simpler than complicated 
protocols that aim to develop many follicles. As the treatment 
for subfertility increases, so does the importance of FT em-
bryo transfer; however, there is no consensus about which 
method is the best (3, 4).
Pregnancy rates following FT embryo transfer have been 
found to be higher than those following fresh embryo trans-
fer (5). Further, FT embryo transfer increases the cumula-
tive pregnancy rate and decreases the cost; in addition, it is 
easy to perform and can be applied in a shorter time duration 
when compared to repetitive fresh embryo transfers (5). Us-
ing frozen excess embryos obtained as a result of the time-to-
time implementation of in vitro maturation (IVM) in patients 
with polycystic ovaries, successful pregnancies have been 
achieved (6). Therefore, studies have concentrated on factors 
affecting the success rate of FT embryo transfer cycles.

Various cycle protocols are used for the preparation of the en-
dometrium in an FT embryo transfer cycle. In one of these 
procedures, the transfer time is determined either by the 
natural course of a cycle [i.e., in an ovulatory patient exhibit-
ing a natural (spontaneous) cycle] or by inducing ovulation 
during the course of a natural cycle. The second procedure 
involves the artificial preparation of the endometrium through 
the administration of exogenous estrogen and progesterone, 
which can be performed with or without the association of a 
gonadotropin-releasing hormone agonist. In the third proce-
dure, the cycle is stimulated by gonadotropins and ovulation 
is induced by recombinant-human chorionic gonadotropin (r-
Hcg) or hCG; however, this practice is no longer applied (7, 8).

Embryo transfer in a natural (spontaneous) cycle
Both embryo and endometrial development have to be syn-
chronized in FT embryo transfer cycles in order to maximize 
the pregnancy rate (9). This synchronization can be achieved 
in several ways. The easiest is the endocrinological preparation 
of the endometrium during the natural cycle using the patient’s 
own follicular sex steroids. In this application, the timing for 
embryo transfer (ET) is determined by either investigating the 
spontaneous luteinizing hormone (LH) surge or by the admin-
istration of exogenous human chorionic gonadotrophin (hCG) 
to start luteinization (10). Success of the natural cycle depends 
on the accurate determination of the ovulation time and the 
precise estimation of endometrial receptivity (11, 12).
Thawing and transfer procedures have to be performed dur-
ing this receptive period. In the FT cycles performed during a 
natural cycle, urine or blood LH level is regularly analyzed and 
followed up. Ovulation is estimated to occur 36 to 40 hours 
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after the determination of the blood LH surge (13). Urine LH in-
creases 21 hours after the detection of the blood LH surge, and 
this fact has to be taken into consideration when interpreting 
the increase in urine LH (14).
Another problem in determining the time of the spontaneous 
LH surge is the variability of this increase, both among cycles 
and patients (15). At least one measurement, and preferably 
two measurements, has to be performed daily in order to accu-
rately determine the LH surge. The threshold values of urine LH 
kits are highly variable, corresponding to an approximately 30% 
risk of a false-negative result; furthermore, patients state that it 
is hard to interpret the test results (16).
In order to avoid the difficulties of LH follow-ups, ovulation is 
frequently triggered by the administration of hCG during natural 
cycles; this is called the modified natural cycle. This approach 
does not require LH measurement, but the development of a 
dominant follicle has to be regularly investigated and followed 
up with ultrasonography (USG) in order to determine the suit-
able time for hCG administration (17). When the dominant fol-
licle has sufficiently matured and has reached the proper size 
(17–18 mm), hCG is administered to the patient for the final 
oocyte maturation and ovulation. Ovulation occurs about 36 to 
38 hours after hCG administration (13). The administration of 
hCG to induce ovulation in a natural cycle (or modified natural 
cycle) has been reported to negatively affect the rates for ongo-
ing pregnancies (14.3% vs 31.1%) (18).
In natural or modified natural cycles, the embryo transfer is per-
formed three to five days after ovulation, depending on when 
the embryos were frozen (19).
Ovulation may occur unexpectedly while planning a natural cy-
cle, which can lead to difficulties in adjusting the time of thaw-
ing and transferring the embryos. When an unexpected early 
ovulation occurs, the cycle is generally cancelled. In a study by 
Weissman et al. (20), the LH surge was determined on the day 
of hCG administration during a modified natural cycle, and the 
cycle had to be cancelled. However in previous studies, an LH 
surge on the day of hCG administration was shown not to exert 
any negative effect (21, 22).
In most studies related to natural cycle applications, USG and the 
evaluation of estradiol, progesterone, and LH levels were used 
in combination in order to determine the time of thawing and 
transferring the embryos. With regard to timing, this approach is 
more reliable, but it is expensive and problematic. Alternatively, 
the follow-up of the LH surge, using urine LH kits, is an easier and 
more straightforward method; however, it carries with it a higher 
risk of a faulty test result. Cycle cancellation may be inevitable 
in 7% to 12% of natural cycles due to undetected ovulation (18).
Fewer laboratory analyses and USG follow-ups are required for de-
termining the time of hCG administration in the modified natural 
cycle, and it is therefore less troublesome for both the physician 
and the patient. In studies comparing the natural cycle with the 
modified natural cycle, no marked differences were determined 
between the two procedures with regard to clinical pregnancy, on-
going pregnancy, and live births (20, 23). In two studies investigat-
ing the effects of luteal support in the natural cycle, luteal support 
was shown not to affect the results with regard to clinical preg-
nancy (Odds ratio (OR) 0.80, 95% confidence interval (CI) 0.61–1.0 
vs OR 1.1, 95% CI 0.79–1.5). However, luteal support was shown to 
positively affect the results relating to a pregnancy continuing (OR 
1.5, 95% CI 0.58–4.0 vs OR 0.82, 95% CI 0.62–1.1) (20, 24).

Artificial endometrium preparation by the exogenous 
administration of estrogen–progesterone
Another frequently used method for endometrium preparation is 
with the exogenous administration of estrogen and progesterone 
(with or without a gonadotrophin-releasing-hormone (GnRH) ag-
onist), also called the artificial cycle, and is frequently used as an 
alternative for the natural cycle. Rates of clinical pregnancy and 
chemical pregnancy were shown not to differ in artificial cycles 
with regard to the administration of a GnRH agonist (25).
In order to mimic the endocrine conditions of the endometrium 
of a normal cycle in an artificial cycle, estrogen and progester-
one are administered consecutively. Estrogen administration is 
started at the beginning of the cycle, causing endometrial devel-
opment while suppressing dominant follicle development. Es-
tradiol is introduced before the fourth day of the cycle. The earli-
er estradiol is commenced, the less the risk there is of unwanted 
follicular development and ovulation. Estrogen administration is 
continued until the endometrium reaches a thickness of 8 mm 
(determined using an ultrasonographic examination), and pro-
gesterone is then combined to initiate the secretory changes. 
Thus, an attempt is made to mimic the physiologic mid-cycle 
estrogen–progesterone transition (26, 27).
Estrogen can be administered as an oral tablet, transdermal plas-
ter, or transvaginal ring. The most widely used forms are oral mi-
cronized estradiol or transdermal estradiol. Serum estradiol levels 
and endometrial thickness were not found to differ between these 
two applications (28). Some of the orally administered estradiol 
valerate is converted to estrone in the intestinal system (29). Es-
tradiol and estrone are then transferred to the liver via the portal 
system, and converted there to estriol. During this transportation 
process, circulatory estrogen activity decreases by 30% (30).
The commonly used forms are currently estradiol valerate and 
micronized estrogens. Estradiol valerate (Progynova, Shering; 
Berlin, Germany) is administered throughout the cycle as fol-
lows: 1 mg on days 1 to 5, 2 mg on days 6 to 9, 6 mg on days 10 
to 13, 2 mg on days 14 to 17, 4 mg on days 18 to 26, and 1 mg on 
days 27 and 28 (31) (Figure 1).
Estrogen can also be administered by the transdermal route, 
meaning it cannot be metabolized in the liver, which results in 
estradiol valerate concentrations exceeding those of estrone. In 
other words, a more physiological estradiol/estrone ratio (ap-
proximately 1) exists. When estrogen is administered orally, this 
ratio is 0.2, and therefore is not in accordance with the physi-
ological values (32).
Transdermal estrodiol valerate (Estraderm, CIBA Pharmaceutical 
Co.; Summit, NJ, USA) plasters are applied on the lower abdomi-
nal region, whereby between day 1 and 6 of the cycle, plasters 
are applied as a dose of 50 micrograms once every three days; 
between day 7 and 9, one plaster of 100 micrograms; on days 10 
and 11, a 200 microgram plaster; and between day 12 and 14, four 
plasters, each of 100 micrograms (400 micrograms total) are used. 
Between day 15 and 17, the dose is decreased to 100 micrograms, 
but is then increased again to 200 micrograms between day 18 
and 28 of the cycle. In this protocol, an estradiol concentration 
exceeding 200 pg/mL is accepted to be sufficient (33). However, 
transdermal estrogen application can cause fluctuations in estro-
gen concentrations, and it may sometimes be difficult to maintain 
a constant steroid level. Another reason for preferring the trans-
dermal route to oral administration is the unchanged serum lipid 
levels, coagulation factors, and renin substrate (34).
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Pregnancy rates were not found to differ between oral and 
transdermal administration (35). However, transvaginal estro-
gen reaches only 25% of the circulatory level of the same dose 
of estrogen administered orally; furthermore, it damages the ef-
fect of the vaginal progesterone used for luteal support, making 
transvaginal estrogen a less favored application (36).
Progesterone can either be administered in artificial cycles us-
ing the intramuscular route, or as vaginal suppositories or vagi-
nal gels. With regard to the pregnancy rates in donor cycles, 
Glujovsky et al. (37) could not detect any difference between 
vaginal and intramuscular administration. The starting time for 
progesterone administration depends on endometrial thickness 
but not on the duration of estrogen administration. Progester-
one administration can only be commenced when the endo-
metrium thickness exceeds 8 mm (38, 39).
Natural progesterone (Federa, Sterop; Brussels, Belgium) or mi-
cronized progesterone (Utrogestan, Piette; Brussels, Belgium) 
are the most generally used progesterone preparations. The 
administration of natural progesterone is commenced intra-
muscularly in a dose of 50 mg on day 14 of the cycle, and is 
continued in a dose of 100 mg daily between days 15 and 26. 
Micronized progesterone is administered vaginally in a dose of 
100 mg or 200 mg on day 14 of the cycle, and is continued in a 
dose of 300 mg or 600 mg daily between days 15 and 26 (40).
Orally administered micronized progesterone was shown not 
to be suitable for preparing the endometrium for implantation. 
None of the biopsy investigations was observed to be compati-
ble in this respect (41). Vaginal progesterone was determined to 
form a secretory phase of endometrium that resembles that of 
the natural cycle (42). In intramuscular progesterone adminis-
tration, 43% of the endometria cases were found to be in accor-
dance with the cycle phase; in the rest of the cases, increased 
asynchronous maturation was detected (43).
In artificial preparation, the time for thawing and transferring 
the embryos is planned according to the commencement of 
progesterone support. The exogenous administration of estro-
gen and progesterone does not guarantee the complete sup-
pression of the pituitary gland; in other words, a dominant fol-
licle may develop. The developing follicle may also undergo 
spontaneous luteinization, which leads to the early exposure of 
the endometrium to progesterone, and thus incorrect calcula-
tions for thawing and transfer times. For these reasons, GnRH 
agonists can be added to the treatment protocols in order to 
downregulate the pituitary, thus preventing follicular develop-
ment. Both of the artificial cycles are less physiological due to 
exogenous drug administration; however, they are practical and 
easy to apply, and hence preferred both by physicians and pa-
tients. However, with regard to overall ongoing pregnancy rates, 

it has not yet been totally clarified which procedure offers the 
superior method (44). Table 1 shows the alternative estrogen 
and progesterone application methods.

Which method is preferable?
When eight retrospective studies, including 8152 cycles, and 
one randomized controlled study including 111 cycles were 
investigated in the literature, no differences were observed 
between the natural cycles and artificial cycles with regard to 
clinical pregnancy (OR 1.2, 95% CI 0.86–1.6), ongoing pregnancy 
(OR 1.2, 95% CI 0.95–1.5), or live births (OR 1.2, 95% CI 0.93–1.6) 
(45). In four studies comparing natural cycles with GnRH ago-
nist-supported artificial cycles, clinical pregnancy and live births 
did not differ (46, 47-49). Furthermore, clinical pregnancy was 
determined not to differ between the artificial cycles and GnRH-
supported artificial cycles (44, 50, 51).
Some studies have shown that endometrial thickness positively 
affects pregnancy rates in FT cycles (39, 52, 53). Complete down-
regulation cannot be guaranteed in artificial cycles, and early lu-
teinization may therefore exist in 5% of cases. Estradiol levels are 
higher in the artificial cycles than in natural cycles, and conse-
quently, the endometrium has been reported to be thicker in the 
artificial cycles (30); however, in some studies, such a difference 
has not been detected (54). Non-physiologically high estradiol 
levels have been claimed to cause endometrial damage and vari-
ances in the implantation window (55). Broadly, this is the main 
problem in IVF applications. If this claim were taken into account, 
low pregnancy rates would be expected in the artificial cycles 
because of high E2 levels. However, such a negative effect has not 
been shown in the artificial cycles, and this claim of a negative 
effect needs to be investigated in further studies.
Pregnancy rates do not differ between the natural and artificial 
cycles; therefore, laboratory conditions, social status, and physi-
cians’ and patients’ preferences are effective for making a deci-
sion in the choice between these two procedures. In a study by 
Gelbaya et al. (56), the natural cycles and downregulated artifi-
cial cycles did not differ from each other in this respect.
Clinical pregnancy, ongoing pregnancy, and live birth rates have 
not been found to differ between endometrial preparations in-
duced by human menopausal gonadotrophin (HMG) or by ex-
ogenously administered estrogen–progesterone in patients with 
polycystic ovary syndrome (PCOS) or those with anovulation; 
however, a thin endometrium was more frequently observed in 
HMG-induced cycles (57, 58).
Some studies have shown that long-term GnRH agonist admin-
istration before IVF/ICSI in infertile women with endometriosis 
or adenomyosis significantly increases the chances of pregnan-
cy (59). It may be true for FT embryo transfer cycles. In a study 

Figure 1. Doses and days of estrogen in the artificial cycle. This figure shows the days and doses of estrogen administration in patients with 
an artificial endometrial preparation.
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involving patients administered a GnRH agonist combined with 
estrogen and progesterone, clinical pregnancy, implantation, 
and ongoing pregnancy rates were 51.35%, 32.56%, and 48.91%, 
respectively, which were significantly higher than the rates in 
patients administered only estrogen and progesterone (24.83%, 
16.07%, and 21.38%, respectively) (60).
Briefly, in light of the current literature, it is difficult to determine 
which method is better for endometrial preparation. All current 
procedures appear to be equally successful with regard to on-
going pregnancy rates. Most studies are retrospective, and this 
may lead to prejudice during the comparisons. The preferences 
of patients and the impact of costs have not been taken into 
consideration during studies. Therefore, it is necessary to con-
duct randomized controlled studies in a prospective manner, 
which should also evaluate the above-mentioned factors.
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Quiz 173

What is your diagnosis?

A 25-year-old primigravida presented at 35 weeks of gestation with progressive, severe, bilateral pitting, lower limb edema with 
excessive weight gain. This was associated with itching, scaling, weeping, crustation, ulceration, and discoloration. She had no 
history of varicose veins or treatment for venous disorders. Her general examination findings were unremarkable. The skin of 
both lower limbs showed eczematous scales, oozing, crusts, and brownish pigmentation that involved the dorsum of both feet 
and ankles up to the knees with scattered areas of ulcerations (Figure 1). All her prenatal investigation results were within normal 
limits, and a color duplex examination of the lower limbs ruled out any vascular disorder. Treatment included elevation of the 
legs, intermittent compression therapy, and application of mid-potency steroids and systemic and topical antibiotics. However, the 
skin lesions progressed to mimic cellulitis. At 38 weeks of gestation, a decision of pregnancy termination was taken, which was 
followed by a dramatic improvement within 1 week after cesarean section (Figure 2).
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Figure 1. The skin of both lower limbs shows the typical picture of severe 
stasis dermatitis (eczematous, crusts, and brownish discoloration) that in-
volved the dorsum of both feet and ankles up to the knees with scattered 
areas of ulceration.

Figure 2. One week after cesarean section, both lower limbs showed 
dramatic improvement of stasis dermatitis with few residual areas 
of brownish discoloration due to hemosiderin deposition.



Answer

Lower extremity gestational edema (GE) is an almost universal 
finding in late pregnancy (i.e., physiologic), occurring second-
ary to increased venous pressure in the legs, the obstruction of 
lymphatic flow, and reduced plasma colloid osmotic pressure 
(1). Stasis dermatitis/eczema is an inflammatory dermatosis, 
commonly affecting the lower extremities; it occurs in patients 
with chronic venous insufficiency, often in association with 
varicose veins and dependent chronic edema. Clinical features 
include erythema, scaling, weeping, crusting, hyperpigmen-
tation, lipodermatosclerosis, and ulcerations (2). Thus, as a 
diagnosis of exclusion, our patient was managed as a case of 
“idiopathic eczema/dermatitis.”
The mechanism by which venous stasis causes eczema/derma-
titis is yet to be elicited. The hypoxia/stasis theory has suggested 
that increased hydrostatic pressure leads to decreased oxygen 
content of pooled blood, resulting in hypoxic damage of the 
overlying skin (3). This may, in part, explain the rapid devel-
opment of stasis dermatitis with severe GE. In spite of inten-
sive treatment, the skin lesions exhibited progressive acute 
inflammation and exudation that mimicked severe cellulitis. 
Diagnostic skin biopsies are rarely indicated (4); thus, it was 
not recommended. At this stage, a decision of pregnancy ter-
mination was taken to eliminate the venous congestion in the 
legs caused by the pressure exerted mechanically by the uterus 
onto the inferior vena cava and iliac veins (5). Surprisingly, 
the patient showed a dramatic improvement in her condition 
within 1 week after cesarean section. 

In conclusion, our presented case suggests that the rapid 
development of this type of “stasis dermatitis” and its dramatic 
improvement after pregnancy termination supports our specu-
lation to be as a new subtype termed ”gestational stasis derma-
titis” induced by severe GE. Pregnancy termination is indicated 
in such cases.
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Letter to the Editor 175

To the Editor,
In 1995, I described a modified Cesarean Section (CS), the 
so-called “Misgav Ladach” method (1) which gained inter-
national usage, including both in Turkey (2) and in Germany 
(3). There are scores of publications from many countries, all 
showing without exception a notably shorter operative time, 
and fewer complications of wound healing and reduced hos-
pital stay. Although all display these benefits, the results also 
demonstrate large statistical variations. These variations are 
probably due to the lack of standardization of the surgical 
method, as only studies using a standardized method enable 
comparison of outcomes among different surgeons and insti-
tutions (4). 
The opening of the uterus in the classical Misgav Ladach CS, 
is done by cutting a small transverse incision in the middle 
of the lower segment and stretching the opening bi-digitally, 
transversely. In this way, the resulted bleeding is minimal. This 
enables suturing the uterus in one layer and although contro-
versial, one layer may result in less ruptures during repeated 
pregnancies (5). 
As the uterus contracts immediately after CS, suturing is used 
mainly for immediate hemostasis. The suture material cannot 
contract with the uterus therefore; the more suture material 
left behind the more foreign body reaction, which might result 
in increased pain, irritation to the bladder and a weaker scar. 
For many years, I was suturing the uterus with a one-layer 
continuous locking stitch (6), using an 80 mm needle, PGA 
size 1. Using a big needle enables stitching further away from 
the incision line resulting in excellent hemostasis with mini-
mal steps and less suture material, rarely needing extra single 
hemostatic sutures. 
When using a smaller needle, the surgeon must stitch closer 
to the incision line, demanding more time and steps, and in 
case of suturing the uterus in one layer, this could result in 
the necessity for an additional second layer or single extra 
stitches for hemostasis. 

Standardization of CS is needed in order to be able to com-
pare the outcome among different surgeons and institutions. 
Comparing outcome of surgeries even performed using the 
same standardized method but with different sized needles, 
might lead to different outcome and therefore inaccurate con-
clusions.
Therefore, it seems that the size of the needle does matter 
and I highly suggest to routinely using a standardized-sized 80 
mm needle.

Michael Stark1, 2
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1. Which of the following is not true for frozen-thawed (FT) embryo transfer?
a. Improvements in laboratory conditions have led to a progressive increase in FT embryo transfer cycles.
b. Limitations for the number of embryos to be transferred have led to a progressive increase in FT embryo transfer cycles.
c. FT doesn’t increase the probability of pregnancy in a single stimulated cycle.
d. FT embryo transfer prevents embryo waste.
e. The preferred practice to prevent multiple pregnancy in IVF cycles is to transfer single embryo and freeze all surplus 

embryos.

2. Which of the following is not a contrubuting factor to the significance of frozen-thawed (FT) embryo transfer?
a. FT embryo transfer prevents embryo waste.
b.  Pregnancy rates following FT embryo transfer are higher than fresh embryo transfer
c.  Protocols applied for endometrial preparation in FT cycles are simpler than the complicated protocols that aim to develop 

many follicles.
d.  FT embryo transfer increases the cumulative pregnancy rate.
e.  There is no consensus about which preparation method of endometrium is better.

3. Which of the following statements is incorrect for embryo transfer in a natural (spontaneous) cycle.
a.  Success of natural cycle depends on the accurate determination of the ovulation time
b. Timing for embryo transfer (ET) is determined by investigating the spontaneous luteinizing hormone (LH) surge.
c. Timing for embryo transfer (ET) is also determined by the administration of exogenous human chorionic gonadotropin 

(hCG) to start luteinization.
d.  Ovulation is estimated to occur 36 to 40 hours after the determination of the blood LH surge.
e.  Urine LH increases 21 hours before the detection of the blood LH surge.

4. Which of the following statement is not true for artificial cycles?
a. In order to mimic the endocrine conditions of the endometrium of a normal cycle in an artificial cycle, estrogen and 

progesterone are administered simultaneously.
b. Estrogen administration is started at the beginning of the cycle, causing endometrial development, while suppressing 

dominant follicle development.
c. The earlier estradiol is commenced, the less the risk there is of unwanted follicular development and ovulation.
d. Estrogen administration is continued until the endometrium reaches a thickness of 8 mm (determined using an 

ultrasonographic examination), and progesterone is combined to initiate the secretory changes.
e. In an artificial cycle,  an attempt is made to mimic physiologic mid-cycle estrogen-progesterone transition

5.  Which of the following statement is not true for estrogen adminstration in artificial cycles?
a. Estrogen can be administered as an oral tablet, transdermal plaster or transvaginal ring.
b. The commonly used forms are currently Estradiol valerate and micronized estrogens
c. A more physiological estradiol/estrone ratio (approximately 1) exists when estrogen is administered orally.
d. Transdermal estrogen application can cause fluctuations in estrogen concentrations, and it may sometimes be difficult to 

maintain a constant steroid level.
e. Another reason of preferring the transdermal route to oral administration is the unchanged serum lipid levels, coagulation 

factors, and renin substrate

6.  Which of the following statement is not true for progesterone adminstration in artificial cycles?
a. Progesterone can either be administered in artificial cycles using the intramuscular route, or as vaginal suppositories or 

vaginal gels.
b. Natural progesterone or micronized progesterone are the most generally used progesterone preparations.
c. The starting time for progesterone administration depends on the duration of estrogen administration but not on the 

endometrial thickness.
d. Progesterone administration can only be commenced when endometrium thickness exceeds 8 mm.
e. Vaginal progesterone was determined to form a secretory phase of endometrium that resembles that of the natural cycle.
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